“ L’ .o - >
. 4 . -* o ‘e . * e e* 2 . E & 5
* e A i.‘. 2 ¢ ” P . ‘ » . & . L of ’. ¥ - 8% o ‘.' - - -
. . L e - 4 oy, - 4 »
od ’ » . - T A p ¥ ' & " d " 4
£y .« # . . . .
e seTh . . . .- g > . .® k ;. b
\ s . N . p y
. k - . 1 Bk - ¢ e
T ' 3 3 . . -3 2 = d » . » s
C - 9 . & . . L AP ¥ . . - p . A
- - . o o o 4 M : B »
. . . . s . \ p L
. . , ? . s 3 o oy
i " " . ) . - po . Frs % v

The Journal of The Royal Astronomical Society of Canada - PROMOTING
.. ASTRONOMY
“ IN CANADA

.- December/décembre 2015
* Volume/volume 109

Le Journal de la Société royale d’astronomie du Canada . Number/numéro 6 [775]

Sun’s Chromosphere

History of Exploring
the Moon

-
h L .
AP %
T TR
L
w . Aea

..f w3 . 4

Te . Wwy

g - = L ;-

. . S
e B el

il . - e
- R .

- : - .

- : . L 5 # - e .
o » . e - * bo 2 - 8 . v 9 > 2 '.‘-‘ 2 - 4 &
. s - ’-. e .. .;- = il o 5 2 ‘..‘ ¢
e : ’ e - % v SERed # "
% . R Ny SR - - . S
) Sisterly - ¢ . e 0 \ f
¢ -' e \ / - ) b.. » o i - ¥ E <ot g < .
o e GTonping B e R
"C o R 3 . o ot ? e s Nes: RS N & B R y . -
e ..._. AR ot . ‘ TR ;. ._- o % & - A - . 4 ._... . ‘ . e 4 g ‘¥ ¥ x » i
R % “ cioe . b W bk ¥l 2 an s 4 C R Lo T N - T . » @ . OF o
S o R - TN A e o O ) s s SRR L B T A &
- i " % . * d . : e Ve : & E, P i " A . i
. «® X . F . % ‘j-"..' 1 <l . & ~ _-‘ -._.-‘: . B s v W, .
. . T . 0. :’ b o . ¢ = .- AP PN . ¥ ‘.'."' , .“. R
. . i . . A0 :. M ) p- ‘e .. p- " s > & <
. * R, ey . & ~ S Wil .
. L » .. . . % 8 3 e LR . . ol
1. E At AR e W Rl N e
. . N " ¥ ” ~



The Best of Monochrome.

Drawings, images in black and white, or narrow-band photography.

This single 300-second He. image of the Carina Nebula, seen from the Southern Hemisphere, was taken by Nicole Mortillaro
with iTelescope’s remote system in Australia, using a Takahashi FSQ ED, 106mm and an SBIG STLT1K.
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President’s Corner

by James Edgar, Regina Centre
(james@jamesedgar.ca)

Are we inundated with hype? Yes! Do we
like it? No! I question the validity of “super”
this and “ultra” that, not to mention the use of “blood” to
describe the Moon, red or not! What'’s it all about anyway?
Where does it end? Here’s what I think—reality is far more
exciting than fiction. Just go outside and absorb it all.

Now that we have that off our collective chests, let’s move on.

In the second week of September, I was a guest speaker at

the Winnipeg Centre’s Spruce Wood Star Party at the (you
guessed it) Spruce Woods Provincial Park, a little bit east

of Brandon, Manitoba. Thanks to the gracious invitation by
Winnipeg Centre member and organizer par excellence, Silvia
Graca, I got to expound on some of my favourite subjects:
Woodworking, Genealogy, Chemistry, Astronomy, and
Writing. Thanks also to Jay and Judy Anderson for the superb
hospitality and evening meal (he’s the Winnipeg Centre
President).

Now, that should be a familiar name to Journal readers. For
first-time readers, Jay was the Editor-in-Chief of this journal
for 10 years, recently retired (but not really, because we just put
him back into harness for the NewsNotes column). As your
Society’s President, I had the extreme pleasure to present to Jay
at the SWSP a rare hand-coloured drawing of an 18th-century
eclipse, suitably engraved and annotated on the reverse. Our
extreme gratitude goes out to Randall Rosenfeld for obtaining
the gift and engraved plate, and to Renata Koziol for arranging
framing. This is a delightful present, one that touches on many
aspects of Jay’s life, and I know he will long cherish it (see
Figure 1).

Is your address correct? Are you moving?

If you are planning to move, or your address
is incorrect on the label of your Journal,

Please contact the office immediately.

By changing your address in advance,

you will continue fo receive all issues of

SkyNews and the Observer’s Handbook.

(416) 924-7973  www.rasc.ca/contact
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I don’t have to ask how many of

our faithful readers got to see the
September lunar eclipse—it was
splashed all over the social media.
And, that’s a good thing, because it
brings us closer together, allows us

to share the excitement about our
wonderful hobby, and we get to enjoy
each others’ numerous talents.

Clear skies! *

Figure 1 — Jay Anderson and James
Edgar, photo by Bryan Stach

News Notes / En manchettes

Compiled by Jay Anderson

New Discoveries from Rosetta

'The European Space Agency has revealed a number of discov-
eries made by the Rosetta spacecraft, in orbit around Comet
67P/Churyumov-Gerasimenko. Prime among these was the
announcement that the two-lobed comet was formed by a
gentle collision between separate and distinct cometary bodies.

“It is clear from the images that both lobes have an outer
envelope of material organised in distinct layers, and we think
these extend for several hundred metres below the surface,”

Figure 1 — This Rosetta image shows the smooth Anubis region in the
foreground and its stratified contact with the Seth region toward the centre.
Image: SA/Rosetta/MPS for OSIRIS Team MPS/UPD/LAM/IAA/SSO/INTA/
UPM/DASP/IDA.

said Matteo Massironi, lead author from the University of
Padova, Italy. “You can imagine the layering a bit like an onion,
except in this case, we are considering two separate onions of
differing size that have grown independently before fusing
together.”

To reach their conclusion, Matteo and his colleagues used
Rosetta images to identify over 100 terraces and parallel layers
(strata) visible in exposed cliff walls and pits on the surface of
the comet. A 3-D shape model was then used to determine
the directions in which they were sloping and to visualize how
they extend into the subsurface. The modelling studies showed
that the layers in a comet-like body should lie perpendicular to
the local direction of gravity.

When the local direction of gravity was identified in the
spacecraft photographs, the terraces and strata were found to
be coherently oriented all around the comet’s lobes, in some
places extending to a depth of about 650 m. The collection of
local gravitational vectors converged to outline the presence of
two separate bodies, rather than a single body with two lobes.

“This points to the layered envelopes in the comet’s head and
body forming independently before the two objects merged
later,” concludes Matteo. “It must have been a low-speed
collision in order to preserve such ordered strata to the depths
our data imply.” “In addition, the striking structural similari-
ties between the two lobes imply that despite their initially
independent origins, they must have formed through a similar
accretion process,” adds co-author Bjorn Davidsson of Uppsala
University, Sweden.

Rosetta observations also revealed a diurnal water-ice cycle on
the comet. As sunlight heats the frozen nucleus of a comet, the
ice in it—mainly water but also other ‘volatiles’such as carbon
monoxide and carbon dioxide—turns directly into a gas. This
gas flows away from the comet, carrying dust particles along,
building the bright halo and tails that are characteristic of
comets.
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During the local day, water ice on and a few centimetres below
the surface sublimates and escapes; during the local night, the
surface rapidly cools while the underlying layers are still warm,
so subsurface water ice continues sublimating and finding its
way to the surface, where it freezes again. On the next comet
day, sublimation starts again, beginning from water ice in the
newly formed surface layer. From these data, it is possible to
estimate the relative abundance of water ice with respect to
other material. Down to a few cm deep over the region of

the portion of the comet nucleus that was surveyed, water ice
accounts for 10-15 percent of the material and appears to be
well-mixed with the other constituents.

“We are now able to show that this cycle is common in
several regions of the nucleus, depending on the illumination
conditions, and hence further demonstrate that the proposed
cycle is a general mechanism of water transport from depth
to the surface acting on comets,” said principal investigator
Fabrizio Capaccioni.

On another note, scientists analyzing data from ROSINA’s
high-resolution Double Focusing Mass Spectrometer (DFMS)
identified argon, along with other gases, in the coma spectra of
Comet 67P/C-G in October 2014. They identified 36Ar and
38Ar, yielding an isotopic ratio for 36 Ar/38Ar of 5.4 + 1.4,
which is compatible with Solar System values: for Earth, this
isotopic ratio is 5.3, while for the solar wind it is 5.5.

'The abundance of argon relative to water vapour was
determined to be between 0.1 x 10-5 and 2.3 x 10-5, the
range of values being due to variable solar illumination, which
influences the rate of water sublimation on different parts of
the comet nucleus. “Even though the argon signal is very low
overall, this unambiguous first in-situ detection of a noble gas
at the comet demonstrates the impressive sensitivity of our
instrument,” says Professor Kathrin Altwegg, principal investi-
gator of the ROSINA instrument at the University of Bern.

“The argon-to-water ratio varied by more than a factor of 20.
While the very volatile argon can escape under any conditions,
water sublimation depends strongly on the amount of sunlight
being received, and so with it the argon-to-water ratio,”
explains Professor Hans Balsiger, also from the University of
Bern, and lead author of the paper reporting the discovery.
“The relatively high argon content of Comet 67P/C-G
compared with Earth again argues against a cometary origin
for terrestrial water...,” comments Balsiger.

Models can be used to predict how readily highly-volatile
gases were incorporated into the icy grains that grew at low
temperature in the protosolar nebula. These models show that
the high abundance of argon at Comet 67P/C-G and a good
correlation with nitrogen are both consistent with the comet
forming in the cold outer reaches of the Solar System.

Compiled from notes provided by the European Space Agency

Starbirth Fireworks

Gemini Observatory has released one of the most detailed
images ever obtained of emerging gas jets streaming from a
region of newborn stars. The region, known as the Herbig-
Haro 24 (HH 24) Complex, contains no less than six jets
streaming from a small cluster of young stars embedded in a
molecular cloud. The region, discovered in 1963 by George
Herbig and Len Kuhi, is located in the Orion B cloud at a
distance of about 400 parsecs or about 1,300 light-years. This
region is rich in young stars and has been extensively studied
in all types of light, from radio waves to X-rays.

“This is the highest concentration of jets known anywhere,”
says Principal Investigator Bo Reipurth of the University

of Hawaii’s Institute for Astronomy (IfA), who adds, “We
also think the very dynamic environment causes some of the
lowest mass stars in the area to be expelled, and our Gemini
data are supporting that idea.” The researchers report that
the jet complex emanates from the protostar SSV63, which
high-resolution, infrared imaging reveals to have at least five
components. More sources are found in this region, but only
at longer, ssubmillimetre wavelengths, suggesting that there
are even younger and more deeply embedded sources in the
region. All of these embedded sources are located within the
dense molecular cloud core.

“One jet is highly disturbed, suggesting that the source may
be a close binary whose orbit perturbs the jet body,” says
Reipurth.

A search for dim optical and infrared young stars has revealed
several faint optical stars located well outside the star-forming
core, in particular, a halo of five faint Hydrogen-alpha emission
stars (which emit large amounts of red light) surrounding the
HH 24 Complex. The presence and location of these five very
low-mass stars is puzzling, because the gas is far too tenuous
for the stars to have formed in their present location. Instead,
they are likely orphaned protostars ejected shortly after birth
from the nearby star-forming core. Such ejections occur in

Figure 2 — The HH 24 jet
complex emanates from
a dense cloud core that
hosts a small multiple
protostellar system known
as SSV63. The jets are the
intense blue structures.
The nebulous star to the
south (bottom) is the
visible T Tauri star SSV59.
Image: Gemini Observa-
tory/AURA/B. Reipurth,
C. Aspin, T. Rector.
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situations where many stars are formed closely together within
the same cloud core. The chaotic dance of the crowded stars in
the complex gravitational field of the cluster ultimately leads
to the ejection of the smallest ones.

A consequence of such ejections is that pairs of the remaining
stars bind together gravitationally. The dense gas that surrounds
the newly formed pairs brakes their motion, so they gradually
spiral together to form tight binary systems with highly
eccentric orbits. Each time the two components are closest in
their orbits, they disturb each other, leading to accretion of gas
and an outflow event that we see as supersonic jets. The many
knots in the jets thus represent a series of such perturbations.

Compiled from notes provided by the Gemini Observatory

Canadian researchers propose new way to chart
the cosmos in 3-D

The Canadian Hydrogen Intensity Mapping Experiment
(CHIME) radio telescope could offer the first set of regular
data from fast radio bursts. UBC researchers are proposing a
new way to calculate distances in the cosmos using mysterious
bursts of energy known as fast radio bursts. The method allows
researchers to position distant galaxies in three dimensions and

map out the cosmos.

Some unknown astrophysical phenomenon is causing these
bursts of energy that appear as short flashes of radio waves
lasting only a few milliseconds. While only ten fast radio
bursts have ever been recorded, scientists believe there could be
as many as 10,000 of them a day. As these radio bursts travel
toward Earth, they undergo a frequency-dependent disper-
sion caused by their passage through the ionized plasma of the
Universe. The researchers propose using the delay between the
arrival times of different frequencies to determine the distance
to the source and map the structure of the intervening cosmos.
The amount of spread in the signal that arrives on Earth gives
scientists a sense of how many electrons, and by extension
how much material including stars, gas, and dark matter, lies
between Earth and the source of the burst.

Figure 3 — A model of the proposed CHIME radio-telescope. CHIME is a novel
radio telescope consisting of cylindrical reflectors roughly the size and shape
of snowboarding half-pipes with an array of radio recievers along the focus.
There are no moving parts; CHIME will measure over half the sky each day
as the Earth turns. Image: UBC Public Affairs.

C
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'The project is a collaboration between UBC, McGill, and the
University of Toronto and is currently under construction at
the Dominion Radio Astrophysical Observatory in Penticton,
Canada. “CHIME has the potential of seeing tens to hundreds
of these events per day so we can build a catalogue of events,”
said Kris Sigurdson, associate professor in UBC’s Department
of Physics and Astronomy who is also part of the CHIME
project. “If they are cosmological, we can use this information
to build a catalogue of galaxies.”

'This method could be an efficient way to build a three-
dimensional image of the cosmos. The tool could also be used
to map the distribution of material in the Universe and inform
our understanding of how it evolved.

Compiled with notes provided by UBC Public Affairs.

Brightest galaxy cluster discovered

An international team of astronomers has discovered a distant,
massive, galaxy cluster containing a core bursting with new
stars. The discovery, made with the help of the Maunakea-
based W. M. Keck Observatory and Canada-France-Hawaii
Telescope, is the first to show that gigantic galaxies at the
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Central Cluster
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i
Tidal Tail —

centres of massive clusters can grow significantly by feeding off
gas stolen from other galaxies.

“Clusters of galaxies are rare regions of the Universe consisting
of hundreds of galaxies containing trillions of stars, as well

as hot gas and mysterious dark matter,” said the lead author,
Tracy Webb of McGill University. “The galaxies at the centres
of clusters, called Brightest Cluster Galaxies, are the most
massive galaxies in the Universe. How they become so huge is
not well understood.”

What is so unusual about this particular cluster,
SpARCS1049+56, is that it is forming stars at a prodigious
rate, more than 800 solar masses per year—800 times faster
than in our own Milky Way.

'This surprising new discovery was the result of collaborative
synergy from ground-based observations from Keck Observa-
tory and CFHT as well as space-based observations from
NASA’s Hubble, Spitzer, and Herschel Space Telescopes. The Keck
Observatory data was gathered by the powerful MOSFIRE
infrared spectrograph and was crucial to determining
SpARCS1049+56’s distance from Earth as 9.8 billion light-
years, that it contains at least 27 galaxies, and that it has a total
mass equal to about 400 trillion Suns.

Because Spirzer and Herschel Space Telescopes detect infrared
light—enabling observers to see hidden, dusty regions of

star formation—they were able to reveal the full extent

of the massive amount of star formation going on in
SpARCS1049+56. However, the resolution of the infrared
observations was insufficient to pinpoint where all this star
formation originated. High-resolution follow-up optical
observations were performed by the Hubble Space Telescope and
revealed “beads on a string” at the centre of SpARCS1049+56,
which occur when clumps of new star formation appear strung
out like beads on filaments of hydrogen gas. The “beads” are a
telltale sign of a process known as a wet merger, which occurs
when at least one galaxy in a collision between galaxies is gas
rich, and this gas is converted quickly into new stars. The large
amount of star formation and the “beads on a string” feature
in the core of SpARCS1049+56 are likely the result of the
Brightest Cluster Galaxy gobbling up a gas-rich spiral galaxy.

Figure 4 — A massive cluster of galaxies, SpARCS1049+56, can be seen in
this two-panel, multi-wavelength view from NASA’S Hubble and Spitzer space
telescopes. At the middle of the picture is the largest, central member of the
family of galaxies, bursting with the birth of new stars. Scientists say this star
birth was triggered by a collision between a smaller galaxy and the giant,
central galaxy. The smaller galaxy’s wispy, shredded parts, called a tidal tail,
can be seen coming out below the larger galaxy. Throughout this region are
features called “beads on a string,” which are areas where gas has clumped
to form new stars. This type of “feeding” mechanism for galaxy clusters—
where gas from the merging of galaxies is converted to new stars—is rare.

What is particularly interesting is that Brightest Cluster
Galaxies closer to the Milky Way are thought to grow by
so-called dry mergers: collisions between gas-poor galaxies
that do not result in the formation of new stars. The new
discovery is one of the only known cases of a wet merger at
the core of a galaxy cluster, and the most distant example

ever found.

'The Hubble data in this image show infrared light with a
wavelength of 1 micron in blue and 1.6 microns in green. The

Spitzer data show infrared light of 3.6 microns in red. Image:

NASA/STScI/ESA/JPL-Caltech/McGill.. %

Compiled from notes provided by NASA and the
W.M. Keck Observatory.
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Featured Articles /
Articles de fond

The Sun’s Chromosphere

by Or. Phil Langill
P Langill "*R. Sullivan %, S. Clifford

" Rothney Astrophysical Observatory
2 University of Calgary, Dept. of Physics and Astronomy

Introduction

I recall it was a cool, crisp morning, the day of 2006 November
8. Many had gathered at the Rothney Astrophysical Observa-
tory to witness the planet Mercury transit the disk of the Sun.
It was a unique outreach event with students and teachers
from a local Jr. High school, U of C astrophysics students and
faculty, lots of members of the public who dropped in, staff
from the (then) Telus World of Science, and of course a keen
contingent of Calgary Centre Royal Astronomical Society of
Canada members with an amazing array of telescopes.

First contact was shouted out at 12:14:00 p.m. MST, or
thereabout. With lots of witnesses with eyes on telescopes,
time of ingress depended on who was shouting, and it was
not unanimous. Turned out that those watching the event
with narrowband hydrogen-alpha filtered telescopes saw
Mercury take a bite out of the Sun several seconds before
those using regular broad band white-light filtered telescopes.
The Sun looks spectacularly different through these two types
of telescopes, showing something fundamentally different.
And then this delay—very interesting! http://calgary.rasc.ca/
transit_of_mercury_2006.htm

I had heard about this phenomenon, but this was the first
time I had witnessed it. Naturally there was much discussion
as to why there was this very noticeable delay (it has to do
with how light gets out of the Sun, which is described in some
detail below). But another reason why this event lingers in my
memory is because I got an idea how to directly measure the
height of the Sun’s chromosphere; a precise measurement of
the interval between the start of a transit or eclipse, as viewed
by these two types of telescopes, coupled with the motion

of the objects involved, could be translated into a physical
dimension. Always on the lookout for excellent student
projects, this one would be primo.

Finally, the opportunity came almost six years later on 2012
June 5 with the transit of Venus. New RAO solar telescopes,
H-alpha and white-light, with CCD and video cameras, had
been purchased, prepared, and tested. On the actual day of
the transit, my Department of Physics and Astronomy was

hosting the CASCA AGM, and a big event had been meticu-

lously planned at the RAO. Professional astronomers listened

to the Plaskett Medal talk at the RAO while the transit was
unfolding, and RASCals were poised with telescopes ready to
show the general public the spectacle, while a live band played
music. Despite all the great planning and organizing, Mother
Nature had the last say. It poured rain. The only transit viewing
done that day from the RAO was via the Internet.

But on 2014 October 23, all the variables came together with

a partial solar eclipse. The Moon would make its appearance

in the mid-afternoon, leaving plenty of time for the clouds to
move in and mess things up. But some sort of high-pressure
system kept the intruders on the horizon all day. An eager
group of astrophysics 307 students were poised at the remote
controls of three solar telescopes 40 km away at the RAO. And
while an on-campus public viewing event unfolded with many
watching the eclipse with solar glasses and telescopes, finally,
an excellent observing run yielded the long sought after data.

www.ucalgary.ca/utoday/issue/2014-11-24/
astrophysics-course-gives-undergraduates-hands-experience

www.ucalgary.ca/utoday/issue/2014-10-27/
students-take-front-row-seats-watch-solar-system-action

'The Sun’s photosphere and chromosphere

'The light that emanates from the Sun is initially created in

its core when protons are fused into helium. Gamma rays of
immense energy, far outside what the eye can see (~13 MeV),
are the only initial photons made in the Sun. But what the Sun
emits into space is vastly different. The Sun is a huge photon
conversion machine.

The gamma rays are made in an environment that’s hard to
imagine; pressures and temperatures and densities far outside
our human experience. But because photons are electromag-
netic in construction, their interaction with each other and the
thick plasma of charged particles they travel through can be
understood. The distance they travel before interacting with
something, on average, can be calculated. It’s called the photon
mean free path (often designated A in the literature), and it is
very small in the centre of the Sun—on the order of a micron.
With every interaction, the direction of travel is changed.

Although A grows as the photons eventually move away

from the core into regions of lower density, with a ~2/3 of a
million-kilometre journey (the radius of the Sun) to travel
before exiting into space, those photons experience bazillions
of interactions. And over the hundreds of thousands of years
it takes to complete this journey, an initial gamma-ray photon
is ground down into hundreds of thousands of lower energy
photons that span the electromagnetic spectrum.

If the Sun had a solid surface like a planet, to a very good
approximation its entire spectrum could be calculated by one
equation; the blackbody emission formula derived by Max
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Planck. But because the Sun is a ball of gas, the “exit strategy”
for photons is a little more involved, especially for some
photons. If you're a photon with energy such that you have a
low probability of interacting with your surroundings, then as
you approach the upper atmosphere of the Sun from below,
the probability of making that one last scatter and then finally
leaping into space approaches certainty.

'The vast majority of photons, at least in the visible part of
the spectrum, all make that last scatter from a layer just a few
hundred km thick in the Sun’s upper gaseous atmosphere. If
you image the Sun in the visible part of the spectrum, using
a broadband filter (or a very dark pair of sunglasses, if your
imager is your eye) you capture the light coming from that
relatively thin layer—giving the impression that the Sun has
a surface. This “surface” is commonly referred to as the Sun’s
photosphere.

There are some photons that have a tougher time getting away
from the Sun, however. Such photons are the ones whose energy
is readily absorbed by bound electrons. These are not electrons
freely roaming about the solar plasma. They are electrons that
have been captured by a positively charged nucleus, and are now
part of an atom. In the upper, cooler, and less dense, layers of the
Sun’s atmosphere, neutral atoms and ions of hydrogen, helium,
sodium, calcium, and the like, can persist.

Unlike free electrons that can interact with photons of a whole
continuum of energies via scattering, bound electrons can only
absorb a photon if the energy of that photon can push the
electron to one of its allowed higher-energy states. The photon
is no longer, but its energy persists in the excited electron. And
as bound electrons would much rather be in their ground state,
they very quickly drop down to a lower-energy state, releasing
their excess energy, in the form of a photon, in some random
direction. This electron/photon absorption/emission excita-
tion/de-excitation “dance” happens many times before these
photons make their final leap into space.

If you image the Sun using a very narrow (~0.05 nm)
transmission filter, with the centre wavelength corresponding
to a prominent bound electron transition, you capture light
primarily coming from this lower-density layer above the
photosphere. This layer is called the chromosphere and is
readily observable this way in the blue-violet part of the
spectrum at 393.4 nm, corresponding to a bound electron
transition of singly ionized calcium. Instrumentation more
commonly available these days operates at 656.28 nm, the
wavelength corresponding to the n = 3 to n = 2 electron transi-
tion in atomic hydrogen. This deep-red photon corresponds to
the lowest energy, or “alpha,” transition in the famous Balmer
Series of Hydrogen. Hence, this wavelength is referred to as
the “Ha” line.

It is the chromosphere’s elusive nature that makes it
challenging to observe. It wasn’'t even known to exist until a

“flash spectrum” of the Sun was taken by Charles

Augustus Young during the eclipse of 1879 December 22.
www.britannica.com/topic/flash-spectrum. Thanks to the

work of William Wollaston (1802) and Joseph von Fraunhofer
(1814), the Sun was known to have a complex absorption-line
spectrum. https://en.wikipedia.org/wiki/Fraunhofer_lines. But
it suddenly changes to an emission line spectrum when the
Moon covers the Sun’s photosphere during a total solar eclipse.
The most intense flash-spectrum emission line corresponds to

Ho. http://apod.nasa.gov/apod/ap131115.html.

Data collection and analysis

To capture the moment the chromosphere was touched by

the limb of the Moon, an Ha PST Coronado telescope, and a
Celestron 8-inch scope with a DayStar Quantum SE Ha filter,
were used. The Coronado was paired with an SBIG ST2000
CCD camera using an achromat Barlow lens. A red-glass
pre-filter covered the front of the PST. The front of the C8

was masked using a metal cover with a circular 8-cm opening
holding a red-glass pre-filter. An Astrovid eyepiece video
camera was mounted at the back end of the Daystar filter.

To capture the moment the photosphere was touched by the
Moon, a Kendrick white-light filter over a Meade LX200

8-inch telescope was used. The filter was masked using a
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Figure 1 — Coronado Ho. PST images of the partially eclipsed Sun at four
different times in UTC. A very long filament is seen, along with the immense
sunspot region AR2192 (most of the smaller dark spots are dust specs in the
optics). The red straight lines are made in software to create intensity slices,
from which cusp separations are measured.

cardboard cover with an 8-centimetre circular opening. A
Meade Deep Sky Imager CCD camera was mounted at the
back end of the telescope via an /6 focal reducer.

It might seem a bit odd to use a DSI to image the brightest
object in the sky, but the nice aspect of using that camera was
its very fast exposure time and readout. Tests showed that an
exposure time of 0.0006 sec was optimal, and individual images
could be read out in ~2/3 sec. The field of view of this white-
light telescope and imager was ~half the diameter of the Sun.

The entire disk of the Sun could be imaged with the Coronado
Ha telescope and SBIG camera with exposure times of 0.0010
sec. The down side to this setup was the fairly large vignetting
that could potentially complicate the image analysis, and the
fairly slow image readout of ~8 sec. Conversely, the video
camera on the C8 was capturing Ho images at 30 frames a
second. However, its field of view was quite small at ~1/5 the
Sun’s diameter.

All three solar telescopes were mutually piggyback mounted to
the RAO’s remotely operational Baker-Nunn Telescope. After
a final focus check, everything was ready. If all went well, the
time interval over which the Moon would traverse the Sun’s
chromosphere could be measured with small error. For what
follows, this time interval will be referred to as AT...

'The only thing that was needed now was good weather,
and a practice run. The former came to be, but as this was a
one-chance-only endeavour, the latter wasn't available. The

various telescopic images came through different optical
configurations, so the directions of north and east weren't all
the same. And the different fields of view and slight possible
misalignments made the task of capturing ingress in all three
telescopes challenging. By group consensus, the anticipated
point of contact on the edge of the Sun was chosen and

the optimal pointing was set. The cameras were given the
command to start taking images, and we waited with great
anticipation.

And suddenly the Moon appeared in the wide-field Coronado.
A short time later in the Meade! But as luck would have it

(or the lack of it), the moment of ingress as viewed in the

Hoa video was missed. The C8s pointing was just slightly off.
Alas, as the data was being collected, we knew the objective of
measuring the height of the Sun’s chromosphere could still be
reached but not with the hoped timing accuracy in Hao.

When the white-light images were later critiqued, another
problem was discovered. In a little more than half of the DSI
images there was an odd readout problem introducing some
sort of pixel shifting error giving images that looked scrambled
and blurred. The cadence of the error was quite random,

and rarely were two consecutive DSI images unaffected.

So depending how the camera readout was behaving at the
moment of ingress, the timing accuracy in white-light might

also be diminished.

The moments of ingress in Hot and white-light were carefully
determined using “by eye consensus.” That is, with everyone
gathered around the computer, the sequence of images was
scrolled through. By meticulously scanning both forward and
backward repeatedly, consensus was reached about in which
image the Moon’s edge first appeared. In the SBIG Hat images,
the timestamp of that image was 20:43:05 UTC. In the image
immediately prior to this, some people thought they saw the
Moon’s edge, but the effects of seeing might have been at play,
and it was not unanimous. In the image immediately after, an
even more prominent signature was observed by everyone.

With an 8-sec gap between consecutive images, this analysis
indicates that the time of initial contact was between 20:42:57
UTC and 20:43:05 UTC. The conclusion, therefore, is that the
Moon’s edge contacted the chromosphere at 20:43:01

(+/- 4 sec) UTC.

In the white-light DSI images, consensus was reached, and the
timestamp of the image corresponding to when the Moon’s
edge contacted the photosphere was 20:43:15 UTC. The
uncertainty would be half of the ~2/3-sec gap between consec-
utive images, but unfortunately the uncertainty estimate was
worsened by the readout error problem. The estimate of the
uncertainty in this ingress time was estimated to be +/- 0.6 sec.

Shortly after the eclipse had ended, the clocks on the

computers controlling the cameras were inspected. Twenty

December / décembre 2015

JRASC | Promoting Astronomy in Canada 245 @



seconds of video at 30 frames per second was screen captured
using Snagit showing simultaneously the computer clocks
corresponding to the SBIG Ha and the DSI white-light
images. This was a critical step because the timestamp on

the images was used to determine the sequence of events. A
timestamp in the header of a FITS image corresponds to the
start time of the exposure, and those timestamps come from
the computer clocks. Careful inspection showed that the

Ha clock was ahead of the white-light clock by 1.5 +/- 0.2
seconds. This offset introduces a constant artificial time delay
in the start of the eclipse in the two cameras, and needs to be
subtracted in the final analysis.

'The uncertainty here is unfortunate and unexpected. It came
from the fact that one computer was connected to via VNC,
and the other computer was connected to that computer via
VNC. So it was a “chained” video connection, not two separate
straight-through video connections to the two computers.
Consequently the two clocks did not run constantly in step
with each other in the Snagit captured video, and the video
“jitter” caused the uncertainty in the clock offset.

'This offset analysis is rather critical so an additional clock-
check exercise was done. The computers running the Ha
SBIG and white-light DSI cameras were ~10-year-old
WinXP and ~1-year-old Win7 machines, respectively. Their
clocks were initially synchronized using the same Internet time
service. Four hours later, their clocks were happily ticking in
step, but six days later, the Ho WinXP clock was 13 seconds
behind the white-light Win7 clock. The older computer’s
clock runs a bit slower than the newer, but over the few-hour
duration of the eclipse the clocks ran at essentially same rate,
and the time offset can safely be assumed to be constant.

So, with all things considered, the time interval between the
two first contact times is AT, = 12.5 +/- 4.8 sec. Despite the
~40% error, students were very relieved to have been able to
make the measurement, and went on to estimate the height
of the Sun’s chromosphere and write an excellent report. Their
Asph 307 mission was accomplished!

Where two circles intersect

The enormous uncertainty in the determined height of

the chromosphere was quite dismaying. Despite the great
observing run, the prolonged readout of the Hat images

was the culprit. I was lamenting about this with friend and
colleague Dr. Jeroen Stil, and an interesting idea arose. The
Sun and Moon are essentially circles, and in a partial eclipse,
those circles cross each other in the sky. As the Moon bites
oft more and more of the Sun, what appears is a distorted
looking Sun with two “horns” or “cusps.” As time progresses to
mid-eclipse, the cusps get taller and sharper and further apart.
This effect is shown in Figure 1.

Could the Ho images be analyzed and the cusp separations
measured? And if the cusp separation increase with time could

be compared to a model of two circles passing each other,
might it be possible to extrapolate backward in time to the
moment the two circles just touched? It was an intriguing idea
worth giving a try! So I started by deriving the equations for
the intersection points of two circles, and after much work,

a time-evolving model of the partial solar eclipse of 2014

October 23 was built using MS Excel.

'The mathematical grid of spatial coordinates, and incremental
shifts between circles, had to be translated to actual angular
sizes and real-time steps matching the actual event unfolding
in the sky. To do this, values were extracted from two popular
desk-top planetarium programs. Starry Night was the primary
source, with verification using Stellarium. These programs
provided key information, such as: the distance from the RAO
to the Sun and Moon during the eclipse (to calculate angular
sizes), the duration of the eclipse (to translate incremental
steps into time steps), and the angular separation between the
Sun and Moon at mid-eclipse (to determine the minimum
offset between the passing circles).

'The cusp separations had to be carefully measured in the
wide-field Ha PST SBIG images. This was skilfully done

by RS using MIRA Pro 8 UE. A handy line-profile tool was
employed as Figures 1 and 2 show. By trial and error, in a
given image, a line is drawn symmetrically across both cusps.
'The first step is to make sure the line clips each cusp to the
same extent. If this is done correctly, the intensity plot would
show two symmetrically shaped cusps with similar heights and
widths. In Figure 2, the blue and brown lines are like this. The
red and black lines are as symmetric as possible, but vignetting
had slightly reduced the brightness of one side of the Sun
making the cusps a bit different in brightness.

In the final step the line is dragged laterally so that it clips
the very tips of the cusps. The goal here is to get as close

as possible to the tip of the cusps without just measuring a
noisy intensity profile of the dark Moon. In determining the
best line position, it was decided that the peak values of the
cusps be no less than 20 times larger than the range in the
background scatter in the darkness between the cusps.

Cusp separations were measured 36 times, from as early on

as possible until the Sun and Moon’s decreasing altitude in

the sky forced the end of observations. The timestamp of the
corresponding images were recorded. An initial time had to

be chosen for both the model and the observations, and for
convenience 20:40:00 UTC was used. Uncertainties in cusp
separation were estimated to be between 2 and 3 pixels early in
the eclipse (for the first ~1000 seconds), and between 1 and 2
pixels thereafter.

The data was in hand, and the model fitting could commence.
By adding or subtracting a second or two to the start time in
the model, the calculated cusp separations could be matched
with the observed. Or at least, that was the plan. Unfortunately,
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Figure 2 — The intensity slices corresponding to Figure 1. The positions of the individual peaks can be measured and the distance between pairs of corresponding
peaks can be calculated. Note how widths of the peaks decrease as the separation between the peaks increase.

two rather important pieces of information were still unknown.

'The first was the CCD plate scale (the number of pixels in the
images that correspond to 1 arcminute on the sky). The second
was the angular size of the circle representing the Sun in the
Ho images. The desktop planetarium software provides the
white-light photospheric solar radius, but the model is for the
Moon passing in front of the chromospheric Sun. So these two
unknowns had to be treated as free parameters, and initially it

was doubtful if this approach would bear fruit.

Analyzing Residuals

Given all the variables, many different models can be
calculated. But the best model will be the one that reproduces
the data most closely. The accuracy of this fit is quantified

by calculating residuals. A residual is simply the difference
between the measured cusp separation at the time of the
images’ timestamp, and the corresponding calculated cusp
separation at that same time in the model. Combining the 36
residuals gives a number that provides a basis of comparison,

30

Figure 3 — The cusp separation model is the red
curve and the measured cusp separations are

the diamond-shaped data points. The model

can be shifted in time, moving the curve to the
left or right. As explained in the text, the time
corresponding to this best-fit model to the data is
determined. This result shows that moment the
Moon’s edge touched the Sun’s chromosphere was
20:42:58.5 (+/- 0.4 sec) UIC.
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and provides guidance as to which model is doing the better
job of matching the data. Some residuals might be positive
and others negative, so adding all the residuals isn't best. By
squaring the residuals first, before adding them, ensures that
only positive numbers go into the sum. Of course, it helps to
be able to plot a graph to see visually how well the calculated
values match the data, so that was done too. But when it is
close and you're trying to make fine determinations, you need
to compare the sum of the squared residuals.

So with regard to the angular size of the Hat Sun to be used in
the model, a quick literature search of the size of the chromo-
sphere (the very thing all this work is ultimately intended to
determine, but better than ever before, hopefully) was done.
'The literature values have a wide range, but in terms of the
gargantuan radius of the Sun, the chromosphere adds a few
tenths of a percent. So the model was run five times, with the
first using a solar radius 0.1% larger than the photospheric

Sun, and the last using a solar radius 0.5% larger.

Elapsed Time from 20:40:00 UTC (seconds)
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Chromospheric solar Best time of initial contact | Corresponding minimal | Corresponding
radius (% larger than from residual analysis (UTC) |3 (residual?) best plate scale from
photospheric solar residual analysis
radius) (pixels/arcmin)

0.1 20:42:58 0.457 22.21

0.2 20:42:58 0.460 22.20

0.3 20:42:58 0.463 22.19

0.4 20:42:58 0.466 22.18

0.5 20:42:58 0.470 2217

Table 1. Intersecting circles model fit results.

And with regard to the plate scale it was quite easy to find
optimal values for each of the five models. This is because

the images available went far into the eclipse (almost 4000
seconds) when the cusp separations were large. Since the plate
scale is simply a multiplicative factor, large cusp separations are
changed markedly by even small changes in plate scale, so trial
and error was relatively painless. The residual analysis easily
pointed to the plate scale values that gave the best model fits.

'The best-fit model is shown in Figure 3. How this particular
model was determined to be the best one is described in the
following paragraphs. As for error bars in the data points,
the uncertainty in the measured cusp separations is at worst
3 pixels, and when converted to angular separations, gives
values smaller than the height of the diamond data points.
There is essentially no error bar in time as the timestamps in
the image headers correspond to the start of the exposure,
and the exposure times are a fraction of a second. There is a
timing error between the computers running the two different
cameras, but that is taken care of later in the analysis.

A summary of the results of the five models are shown in
Table 1. The first thing to note is the column of initial contact
times. Rather unexpectedly, all models gave the same result of
20:42:58 UTC (178 seconds after 20:40:00 UTC), which is
consistent with the by-eye consensus range of 20:42:57 UTC
and 20:43:05 UTC. To assess the error bar in this result the

models have to be examined more closely. The sum of squared
residual analysis suggests that the first model with the smallest
chromospheric radius fits the data the best. However, an
improvement to the models can be made.

Also in Table 1 are the values of the plate scale that gave the
smallest sum of squared residuals for each model. Because this
value is not known a priori, it is treated as a parameter. But
from these results its actual value can be ascertained. Note
that the values are nearly the same, to two decimal places.
Also, there is a linear trend in plate scale, with the value
decreasing as the chromospheric Sun radius increases. It would
be reasonable to assume that the true value of the plate scale
lies somewhere within the range of values in Table 1. Taking
a simple average would be a good estimate, but a slightly
better estimate would be a weighted average with the weights
determined by the values of the sum of squared residuals. This
analysis gives 22.1903 pixels/arcmin.

An additional analysis, which included another 20 models
that use initial contact times off by just a second or two from
optimal, gives an average plate scale of 22.1881 pixels/arcmin.
All this together strongly supports a plate scale for the Ha
images of 22.19 pixels/arcmin. So an unexpected result of the
modelling process is that the plate scale of the PST-SBIG

optical system was determined.

Chromospheric solar radius
(% larger than photospheric
solar radius)

Time span over which the resulting | Corresponding minimal =(residual?)
>(residual?) value was a minimum
(in seconds after 20:40:00 UTC)

using derived plate scale of 22.19
pixels/ arcmin

0.1 177.4-177.9 0.473
0.2 177.7-178.3 0.464
0.3 178.1-178.9 0.462
0.4 178.3-179.1 0.469
0.5 178.8-179.3 0.482

Table 2. Two-intersecting circles model fit results, using the derived plate scale.
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'The five models were then redone, but instead of treating the
plate scale as a parameter, it was fixed at 22.19 pixels/arcmin.
'The results are shown in Table 2. The span in times over which
the absolute minimal sum of squared residuals of each model
is given, along with the corresponding sum.

The sum of squared residual values in Table 2 now show a
minimum corresponding to the third model, suggesting this
model best fits the data. And correspondingly, the time that
Moon first touched the Sun’s chromosphere in the sky was
20:42:58.5 (+/- 0.4 sec) UTC. This result is consistent with the
by-eye analysis, but with a much smaller error bar.

So the effort of doing this modelling work has paid off.
Applying this analysis to the white-light images was also
considered. However, with the smaller field of view of the
Meade 8-inch and DSI, the two cusps were only captured

in images for less than the first 1000 seconds of the eclipse.
This is not far enough into the eclipse to be able to nail down
the unknown plate scale, as was done with the Ha images.
Additionally, the fast exposure and readout times of the
camera has already provided a very good estimate of the time
of contact of the Moon on the Sun’s photosphere; 20:43:15
(+/- 0.6 sec) UTC.

The conclusion, finally, including the offset time in the
computer clocks, is that the time taken for the Moon to cross
the Sun’s chromosphere as measured during the partial eclipse
of 2014 October 23 has been determined to be AT = 15.0 +/-
1.2 sec. The final step is to use this time interval to determine

the height of the Sun’s chromosphere.

Some fabulous time-lapse video of the partial solar eclipse
of 2014 October 23, taken by RASC Calgary Centre’s Larry
McNish, can be seen here:

www.youtube.com/watch?v=Wy6Dks3RGgo

www.youtube.com/watch?v=fILdyQgilNo

A Little Geometry

'The moment that the Moon contacted the chromospheric Sun
is shown in Figure 4. The coordinates of the contact point is
derived from the best-fit model described above. The green
line that connects the centres of the Sun and Moon, and passes

through the contact point, is perpendicular to the Sun’s surface.

'The height of the chromosphere, the quantity being sought
here, is measured along that green line.

'The precise motion of the Moon relative to the Sun, as viewed
from the RAQ, is also shown in Figure 4. The offset of 8.983
arcmin was found using Starry Night. The distance indicated
by the dotted orange line is how far the Moon has to travel for
the eclipse to reach its halfway point. That distance can be
calculated by taking the radius of the Sun and multiplying by
the cosine of the angle 8, and doubling that result. With

Moon’s motion
relative to the Sun ¥

-~
8.983 arcmin
/ %&

4.60 arcmin

—>
15.45 arcmin \ Moon

Figure 4 — Details of the Partial Eclipse of 2014 October 23. The coordinates
of the initial contact point between the Moon and Sun are given by the cusp
separation model shown in Figure 3.

0 = 16.6°, this calculation gives 1,337,966 km. According to
Starry Night, the entire eclipse took 9440 sec, so the eclipse was
halfway over after 4720 sec. This distance divided by this time
gives 283.5 km/s. This is the projected speed of the Moon as it
crossed the disk of the chromospheric Sun during the eclipse.

The amount of time it took the limb of the Moon to traverse
the chromosphere was AT = 15.0 +/- 1.2 sec. At this speed,
the Moon travelled 4252.5 +/- 340.2 km in the direction of
the dotted orange line. To find the component of this distance
in the direction of the green line, the height of the chromo-
sphere, we multiply by the cosine of 6. That calculation gives
Hc = 4075 +/- 325 km. Happily, the error bar is just 8%, but
this was a surprising result.

Other Results

A quick scan of general Internet sources gives values for the
height of the Sun’s chromosphere ranging from 2000 km to
3000 km, with a bias toward the lower end. The value found in
this work seems anomalously high, so the first thing to check
is the references cited in the online articles. Unfortunately, in
most cases, they are nonexistent. So it’s possible that “history is
at work” and the newer websites copy “quick facts” from older
websites. Perhaps the same old values get recycled.

With a more in-depth Internet search, two interesting papers
were found. The first comes from Modh. Zambri Zainuddin of
the University of Malaya. On 2006 November 9 in Malaysia,
he and a team measured the thickness of the Sun’s chromo-
sphere using data collected during the transit of Mercury.

www.academia.edu/340667/Determination_Of The Sun_
Chromosphere_Thickness_Using_The_Transit Of Planet_
Mercury

'This was the very day described in the introduction of this
paper (it was November 8 in Canada), and the day that this
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Figure 5 — One of the largest sunspot groups to
appear on the Sun in decades was in prominent
view during the partial solar eclipse of 2014
October 23. This sequence shows the Moon
creeping eastward toward AR2192 as viewed

in How with the Daystar Quantum SF filter and
Astrovid video camera. The Sun was well into its
maximum sunspot cycle.

time-delay measurement idea came
to me. It was a surprise to discover,
therefore, that this very method was
already being employed by Zainuddin
et al. in 2006.

'The chromosphere height found in that

study was between 2450 km and 3715

km. Not knowing the precise orbital speed of Mercury during
the transit, this range of heights spans the possible range of the
planet’s speed. So although it was disappointing to learn that
this method was already in use in 2006, it was reassuring to see
their upper-limit result was close to the result found here.

Another interesting paper is by A.G. Voulgaris ez a/.
http://arxiv.org/abs/1202.1535. This team of researchers
repeated the 1870 work of Charles Young by capturing the
spectrum of the Sun during the total solar eclipse of 2010 July
11, except with much better equipment and a vastly deeper
understanding of the physics of the interaction of photons
with atoms (fundamental concepts in astrophysics known

as radiative transfer). They were able to study both the
chromosphere and the corona, with amazing detail.

Using a timing method that involves the motion of the Moon
and observing emission line intensity, they find a chromo-
sphere height of 9400 km when looking at the lines of H and
He. And in the lines of the heavier elements of Na, Mg, and
Fe, they find a height of 3300 km. They refer to the latter as
the lower chromosphere. Also interesting to note, the projected
speed of the Moon across the disk of the Sun in that spectro-
scopic study is 285 km/s, essentially the value found here.
Figure 8 in that paper actually complements the results found
here very well.

Conclusions

The result found here of H. = 4075 +/- 325 km might seem
anomalously high, but the spectroscopic study of the chromo-
sphere and corona by Voulgaris et al. found a value over twice
as large. Additionally, their analysis suggests the chromosphere
might be portioned into lower and upper regions, and this
result certainly points to the middle chromosphere. But why

is this result so much different than other results found using
Ha filters? A closer look at Figures 1 and 5 lent a clue.

'The huge active region AR2192 doesn't look the same in those
two Ha images. Its structure appears quite different and it

is not just due to the difference in spatial resolution. Also, in
the Coronado PST image in Figure 1, a huge, dark filament
stretches across the Sun like a big scar. In the Daystar Ha
images, this filament was barely noticeable.

A prominence is a thin curtain of cool gas held suspended
high into the Sun’s chromosphere and corona by magnetic
field lines. Filaments are prominences seen from above
looking down. Since the Coronado was showing the filament
and the Daystar hardly at all, these two telescopes were not
showing the same part of the chromosphere. The Daystar was
imaging structure lower down, and the Coronado was imaging
structure higher up. And it was the Coronado images that
were used in this timing delay analysis.

So different Ha telescopes show different regions of the
chromosphere—how is that possible? The Daystar Ha filter
has a thermally controlled bandpass. That is, with a built in
regulated heater, its default setting only lets light exactly
centred at 656.28 nm to pass through. The Coronado has a
tuning ring that adjusts the bandpass, and is set at the discre-
tion of the user. Also, the Coronado’s bandpass is about twice
as wide as the Daystar’s (~0.10 nm vs. ~0.05 nm). So the
Coronado PST isn't as discriminating when it comes to what
layer in the chromosphere it reveals, and on October 23, it was
set to the middle chromosphere.

Finally, I would encourage all RASC solar enthusiasts to try
to repeat this measurement. The equipment is already in the
hands of most, so all that’s required is a reliable and accurate
timing measurement—just make sure to synchronize your
computer clocks first! *
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A Brief History of Lunar
Exploration: Part |

by Klaus Brasch

And if she faintly glimmers here,
And paled is her light,

Yet alway in her proper sphere
She’s mistress of the night.

From The Moon Poem by Henry David Thoreau

Introduction

An advantage of reaching one’s 75th birthday is the realization
that you are now part of history. To that end, I count myself
fortunate to have experienced a time when night skies were
still quite dark even in big cities. I was ten years old in 1951,
when my father led me to the roof of my grandparents’ house
in Rome, Italy, and showed me the Moon through an old brass
telescope. Seeing craters, mountains, and dull grey features
termed Maria, all in sharp contrast, jolted me into the realiza-
tion that I was seeing another world in space and engendered
an awareness of the beauty of the cosmos that has lasted a
lifetime. Later, | was given a book titled La Luna (Fresa, 1943),
which I still have, filled with drawings, facts, and photographs
about and of the Moon. While mostly beyond my comprehen-
sion at the time, this book showed that studying the natural
world was a legitimate and fun thing to do, and set me on my
course of becoming a scientist.

'The history of lunar explorations through the ages has been
documented by a number of authors (see e.g. Kopal and
Carder, 1974; Moore, 1963; Sheehan and Dobbins, 2001),
most of these works are dated, very technical or deeply
scholarly, and not really aimed at today’s amateur observer.

'This essay will hopefully meet that need.

From Antiquity to the Telescope

It’s safe to say that besides the Sun, the Moon has been the
most influential celestial object in human affairs. Wikipedia
(2015a) lists no less than 70 lunar deities, spanning various
continents, cultures, and mythologies. Not surprisingly, the

monthly lunar cycle has been linked with human menses and

fecundity in many cultures and consequently associated with
female deities like Selene in Greco-Roman mythology and
the Chinese goddess Chang’e (Figure 1). Others, however,
favoured male lunar deities, including Sin in Mesopotamia
and Tsukuyomi in Shintoism.

'The Moon has given rise to many myths and superstitions,

as well as some positive omens, in both ancient and modern
times. Lunar eclipses have been particularly maligned,
conjuring visions of demons and ravenous animals. The Incas,
for example, believed that an eclipse was due to a jaguar
devouring the Moon and then crashing to Earth to feast

on humans (Lee, 2014). In ancient China, the Moon was
perceived as a mirror and that dragons swallowed it during

an eclipse. People would beat on mirrors during such events,
causing the dragon to release the Moon once again. In western
history, the term lunatic, from the Latin Luna or moon, has
been widely associated with aberrant human and animal
behaviour. Madness and werewolves—among other myths—
were linked by ancient Greeks to the phases of the Moon
because, they reasoned, since our orb influences ocean tides,

it was likely to affect the human brain as well. These ideas
persisted well into the 17th and 18th centuries in European
folklore and elsewhere. Indeed, even today, it is still commonly
believed that the Moon influences the weather, the times for
crop planting and harvesting, and recently the so-called super
Moon, an astrological rather than astronomical term, regularly
appears on Internet sites. For more Zhe Moon in our Imagina-

tion, see Hockey (1986).

'The Moon also plays a pivotal role in Judaism (Wikipedia,
2015b). Rosh Chodesh or Beginning of the Month; lit. Head
of the Month, is the name for the first day of every month in
the Hebrew calendar, and is marked by the new Moon. Based
on the book of Exodus, this established the beginning of the
Hebrew calendar and in Psalm 81:4 both the new and full

Moon are mentioned as a time of awareness.

While the Quran clearly emphasizes that the Moon is a

sign of God, not a deity itself, it plays a significant role in
Islamic religion, which also uses a lunar calendar. The crescent
Moon, called Hilal, defines the start and end of the Islamic
month, and determining the precise time of Hilal is crucial

to specifying the date of Ramadan, a most important time of
atonement. This was one of the reasons early Muslim scholars
studied astronomy (Wikipedia, 2015c).

Figure 1 — From left:
Selene, Chang’e, and Sin
(All wikicommons)
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Figure 2 — Top: Hans Lippershey (1570-1610); Thomas Harriot (1560-1621)
& his Moon chart. Bottom: Galileo Galilei (1564-1642) (Justus Susterman);
Galileo’s sketch of the Moon with comparable photograph (All images
wikicommons)

The realization that the Moon might be another world or
planet like the Earth can be traced back to earliest literature in
both western and eastern cultures. In the 2nd century AD, for
example, Lucian of Samosata wrote a parody titled True Story
about travel to another world with alien inhabitants. Likewise
a 10th-century Japanese folk tale titled 7he Tule of the Bamboo
Cutter, also involves travel to the Moon, which is inhabited.
After invention of the telescope in the early 1600s, specula-
tion as to the nature and composition of the Moon reached

a more Earth-centred perspective with references to Maria

or seas to the large dark lunar features and to mountains like
the lunar Alps and Apennines. Belief in the possibility that
our nearest neighbour might be inhabited also reached a new
high, as exemplified in the 1638 book by English astronomer
John Wilkins titled: 7he Discovery of a World in the Moone or, a
discourse tending to prove that tis probable there may be another
habitable world in that planet.

By the 19th century, when our understanding of the Moon

as a planetary-sized body with its own distinct geology and
orbital characteristics had advanced significantly, “hard”
science fiction stories began to appear, instead of just fantasy
voyages involving magic or gods. Notable among these are
From the Earth to the Moon (1865) and its sequel, Around the
Moon (1870), both by the remarkably futuristic French author
Jules Verne. This was followed in 1901 by the H.G. Wells
classic, First Men in the Moon, in which travel to our satellite,
inhabited by insect-like Selenites, is accomplished via an
anti-gravity machine. With advances in rocket science during
the early 20th century, more hard science fiction followed,
including the remarkably realistic 1950 movie, Destination
Moon, a fitting prelude to the soon-to-follow space race, and

culminating in 1968 with the Arthur C. Clark novel and
Stanley Kubrick classic movie, 2001: A Space Odyssey. This epic
saga coincided with the Apollo missions and provided not
only a credible backdrop to manned exploration of the Solar
System, but also a tantalizing prologue to the real possibility
that intelligent life might exist elsewhere in the Universe.

First Light

While it is clear that Galileo Galilei did not invent the
telescope, a device largely attributed to Dutchman Hans
Lippershey, who tried to patent it, nor was Galileo the first to
use one to examine and sketch the Moon. Englishman Thomas
Harriot most likely did, but the great Italian astronomer

was the first to formally publish his findings (Figure 2). His
Sidereus Nuncius (The Starry Messenger), published in 1610, was
a testament to his scientific prowess, and placed Galileo in a
pre-eminent position in the annals of cosmology (Figure 3). As
astrophysicist Richard Learner puts it: “Zhe Starry Messenger. ..
is more a symptom of his greatness than one of its causes. His
achievements rest on his immense intellectual confidence, even
arrogance. He was confident enough to accept that in eight
months he had accumulated sufficient evidence to reject the
picture of the universe that had been built up by 2000 years of
endeavor by pre-telescopic astronomers: the Book of Genesis
was wrong, the philosopher Aristotle was wrong, the great
Greek astronomer Ptolemy was wrong, even St Thomas Aquinas
was wrong, but Galileo was not” (Learner, 1981).

Galileo’s epic discoveries and their cosmological and theolog-
ical implications at the time, inevitably led him into conflict
with the Catholic Church and other authorities. His defence
of Heliocentrism as advocated by Copernicus, coupled with
his clearly strong intellectual arrogance did not help things
either. This is so diplomatically and lovingly alluded to in a
letter by his daughter, Sister Maria Celeste on 1633 April 20,
while Galileo was facing judgement by the Holy Office of the
Inquisition (Sobel, 1999). The letter states in part “The only
thing for you to do now is to guard your good spirits, taking
care not to jeopardize your health with excessive worry, but to
direct your thoughts and hopes to God, Who, like a tender,
loving father, never abandons those who confide in Him and
appeal to Him for help in time of need.”

Galileo, of course, was not the only prominent astronomer
at the time to run into trouble with religious authorities.
His contemporaries, Johannes Kepler, a Protestant, ran into
religious persecution, and Thomas Harriot was accused of
atheism even before starting his astronomical observations

(Learner, 1981).

Nonetheless, with news about the telescope, word spread
quickly across Europe that the device had considerable
military, commercial, and scientific uses. Although Lippershey
claimed first rights, other lens makers, including Dutchman
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Figure 3 — Sidereus Nuncius (The Starry Messenger), published in 1610

Jacob Metius and Italian Giambatista della Porta in Naples
made similar claims. In all probability, once the concept of a
telescope and reasonable quality lenses became available, many
people no doubt put two of them together and realized their
potential. Because of this, and despite objections by clergy,
philosophers, and other adherents of the Ptolemaic model of
the Universe, observational astronomy had opened Pandora’s
Box. The Moon, Jupiter’s satellites, the phases of Venus,
sunspots, and endless vistas of stars in the Milky Way, as
described by Galileo, Harriot, Kepler, and many other contem-
poraries, gradually shook the foundations of the prevailing
concepts of cosmology in favour of the Copernican model.

Although Galileo’s telescopes were probably among the best
available at the time and his observing skills equal to the task,
his intellectual fortitude was at the root of his many achieve-
ments (Sheehan and Dobbins, 2001). Despite the fact that
some have criticized his published lunar drawings as poorly
executed, lunar-mapping expert Ewen Whitaker points

out that Galileo’s sketches of the Moon’s surface features at
different phase angles were remarkably accurate, especially
given the optical limits and extremely narrow field of view

of his instruments (Whitaker, 1989). Take Figures 2 and

3 for example. As an experienced lunar observer for many
decades, I have often wondered as to the precise identity of
the prominent round feature depicted by Galileo in the south-
central portion of the lunar disk bisected by the terminator

at both first and last quarter. The dark northern oval is clearly
Mare Imbrium, but the conspicuous southern feature seems
disproportionally large in size to correspond to any obvious
crater or basin.

A few years ago, I was fortunate enough to observe the Moon
just past first quarter through replicas of Galileo’s famous two
parallel-mounted telescopes at the annual Riverside Telescope
Makers conference in Big Bear, California. Their maker, a very
skilled craftsman, had visited the museum in Florence, Italy,
where the originals are housed and was given all specifications as

to glass type, magnifications, lengths, and focal lengths of the
historic instruments by the museum’s archivist. Upon returning
to the US, he fashioned as exact a replica as possible of both
telescopes and their mount.

It took but one glance at the first-quarter Moon through the
20-power telescope to solve the mystery of the large crater; it
was most likely the great walled plain, Albategnius, as suggested
by Whitaker (1989). How did we know? For one thing, the
field of view of Galileo’s refractor was so narrow as to not fully
encompass the entire lunar disk at once. Consequently, what

is depicted as the lunar limb in some of his sketches is most
likely the edge of the field of view, making Albategnius appear
disproportionally large in his rendition, especially under low
angles of illumination. Second, as pointed out before (Whitaker,
1989), many second-tier publications of his bestselling Sidereus
Nuncius were illustrated with vastly inferior woodcut copies of

his drawings and most likely not faithfully.

We also observed Jupiter that night with the replica telescopes
and were astonished to see that while the Jovian disk was just a
dazzling, multi-colored blob; the Galilean moons were clearly
visible. I think all who looked through those telescopes that
evening came away with a new sense that Galileo’s observations
some four centuries ago were not only remarkable in themselves,
but that his essentially correct interpretations of what he saw are
among the most astute in the history of science.

Early Telescopic Studies

Like many advances in astronomy, the study of the Moon
progressed in parallel with improvement in telescope and
eyepiece designs. The extremely narrow field of view and
optical aberrations of the Galilean design were improved
considerably in 1611 through modifications introduced by
Johannes Kepler. This design used a convex lens as eyepiece
in place of a concave one, allowing for a much wider field of
view and greater eye relief (Figure 4). Although the resulting
image is inverted, this combination provided considerably
higher magnification as well (Wikipedia, 2015d). Severe
chromatic aberration was still a problem though, which could
be minimized by using simple objective lenses of very high
f-ratios (Learner, 1981); an approach carried to extremes

by Johannes Hevelius’s 150-foot-long “aerial” or “tubeless
telescope,” and even longer designs by others (Figure 4).

Despite the many limitations of both Galilean and Keplerian
type telescopes, a number of observers produced remark-

ably good early lunar maps. This can be attributed to several
factors. The rapid proliferation of optical devices, coupled with
curiosity about the true nature of our satellite, likely led to a
competition to be the first to make new discoveries and attach
names to lunar features; the equivalent of the first Moon-race
(Sheehan and Dobbins, 2001). For instance, between 1609
and 1679, at least a dozen known Moon maps were produced
of varying degrees of accuracy and with a plethora of different
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“" " schematic of Keplerian refracting telescope.

Figure 4 — Top: Keplerian modification of the Galilean telescope, providing
better eye relief, higher magnification, wider field of view, and an inverted
image. Bottom: Woodcut of Johannes Hevelius's unwieldy “aerial telescope”
in Danzig ca. 1667.

feature names. For complete coverage of this period of lunar
cartography see: Kopal and Carder (1981); Chapter 1, and
Whitaker (1989).

'The developmental history of lunar exploration can be grouped
into several phases (R¢, 2014). The pre-telescopic era most
likely began in 450 BC with the speculations by the remark-
able Greek philosopher Democritus, that the Moon contained
mountains and valleys, and ended in 1603 with English
physician William Gilbert’s discovery of lunar libration and
his quite accurate naked-eye map of the full Moon. The birth
of selenography, however, the detailed study of the surface and
physical features of the Moon, began with the invention of
the telescope. The first mapping efforts by Galileo and Harriot
were quickly followed by more systematic attempts by Michel
van Langren (better known as Langrenus) in 1645, Johannes
Hevelius in 1647, and Giovanni Riccioli in 1651, with a little
help from his Jesuit colleague Francesco Grimaldi (Figure

5). All three of these early maps included nomenclatures of
various lunar features, many honouring prominent Catholic
figures in the Langrenus map and terrestrial land features by
Hevelius. Many of these names were subsequently abandoned
except those assigned by Riccioli, most of which gained
gradual acceptance and survive to this day.

Two other major players to enter the astronomical scene in
the mid to late 1600s were Dutchman Christiaan Huygens

Figure 5 — Top left: Langrenus (1645), right: Hevelius (1647)
Bottom left: Riccioli & Grimaldi, right: Cassini (ca. 1680)

(1629-1690) and Italian Giovanni Cassini (1625-1712)
(Figure 6). Equipped with much improved Keplerian-style
telescopes, these two giants of observational astronomy made
some seminal discoveries, both in their respective native
countries and in France at the invitation of King Louis XIV.

Huygens optimized telescope design in two important ways.
He and his brother Constantijn improved lens grinding and
polishing methods, and by combining two plano-convex lenses,
produced the first compound eyepiece with superior eye-relief
and well suited to the very long focal-length-telescopes of

the times (Learner, 1981; Wikipedia, 2015¢). In addition,

the Huygens brothers tried to better control these unwieldy
instruments and accommodate their very long focal-length
objectives by eliminating the tube altogether. In these “aerial”
instruments, the objective lens was mounted inside a short iron
tube, which in turn was mounted on a swivelling ball-joint on
top of an adjustable mast. The eyepiece was placed in another
shorter tube and the two were kept in alignment via a taut
connecting string (digiplanet.com).

With such much-improved optics, Christiaan Huygens went
on to discover the true shape of Saturn’s rings, as well as its
main satellite Titan around 1655. He also made some of

the earliest observations and sketches of the Orion Nebula.
Though not principally a lunar observer, he nonetheless left
his mark there too, by being first to record such features as
the Straight Wall, the Huyginus Cleft, and the later-named
Schroeter’s Valley (Sheehan and Dobbins, 2001).

Huygens’s contemporary, Giovanni Cassini, began his
prodigious astronomical career in 1650 at the University of
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Bologna, where he determined the rotational period of Mars as

24 hrs 40 min, very close to the modern value of 24 hrs 37 min,
and generated accurate tables of Jupiter’s moons. Based on this
work, he was subsequently recruited to Paris Observatory in
1669, where he spent the remainder of his life (Sci.ESA, 1999)
[Ed. Giovanni Domenico Cassini became Jean-Dominique
Cassini after he moved to Paris]. Also using the improved very
long telescopes, he accumulated an impressive list of discoveries.
These included surface markings on Mars, the rotation period
of Jupiter, and the main division in Saturn’s rings that still bears
his name. Between 1671 and 1684, he furthermore discovered
four more Saturnian moons, lapetus, Rhea, Tethys, and Dione

(Learner, 1981; Wikipedia 2015f).

Cassini was also a very accomplished lunar observer. At Paris
Observatory, he established new standards in lunar cartog-
raphy, stemming no doubt from his interest in terrestrial
longitude determinations and map making. He made many
drawings of lunar features in different phases, which he then
combined into a 12-foot diameter chart (R¢) (Figure 5). This
map overshadowed essentially all previous efforts with respect
to details and positional accuracy (Kopal and Carder, 1971).
However, as was the case with most lunar observers then, there
was much personal interpretation and poetic license in the
depiction of individual features, particularly due to the notion
that the large dark regions of the Moon were actual seas. A
good example of that is Cassini’s portrayal of the Heracleides
Promontorium at the southern tip of Sinus Iridium, which to
him looked like a lady’s head and the surface of the Sinus itself
as almost wave-like (Sheehan and Dobbins, 2001, p. 31). The
ultimate result of that is that many of the early lunar maps
lacked accuracy and favoured artistic or aesthetic qualities over
precision (Whitaker, 1989).

Most early lunar charts also lacked positional accuracy due

to the vagaries of our satellite’s orbital characteristics, most
notably longitudinal and latitudinal libration. It was known
from the observations by Gilbert in 1603 that the Moon
appeared to rock slightly both from side to side and up and
down as it circled the Earth, thereby revealing peripheral
detail to terrestrial observers. This was fully illustrated on the
charts by both Hevelius and Riccioli, making it very difficult
to establish accurate selenographical coordinates. That in turn,
proved problematic in early attempts by French scientist Pierre

Figure 6 — From left: C. Huygens, G. Cassini, replica of
Newton’s telescope (all wikicommons and public domain)

Gassendi (1592-1655) and others to calculate
terrestrial longitudes by timing passage of
major lunar structures through the Earth’s
shadow during eclipses. Finally in 1693, after
decades of effort by several observers, including
Hevelius, Langrenus, French mathematician
Philippe de la Hire (1640-1718), and even
Isaac Newton (1642-1727), to explain lunar libration, Cassini
revealed the exact laws of the Moon’s rotation (Sheehan and

Dobbins, 2001).

The era of long and aerial telescopes probably reached its
peak with the work of Philippe de La Hire, artist, mathema-
tician, and astronomer. He became part of a circle of French
scientists and intellectuals that included Cassini, Huygens,
René Descartes, and others (Wikipedia, 2015g). Among
many astronomical achievements, he published an artisti-
cally superior map of the Moon, and calculated accurate tables
of the movements of the Sun, Moon, and planets, as well as
determining coordinates of the French coastline and the Paris
meridian.

Although nearly a half-century would pass before it came

into its own, the reflecting telescope was invented by Isaac
Newton, with a working model unveiled in 1668 (Figure 6).

It had many advantages over the very long and cumbersome
non-achromatic refractors of the era (Learner, 1981). These
included: colour-free optics, much shorter and compact design,
and a generally wider field of view. However, Newton’s design
suffered from spherical aberration and his speculum (tin and
copper alloy) mirrors were subject to rapid tarnishing. Although
John Hadley greatly improved optical performance of Newtonian
reflectors in 1721 through use of parabolic mirrors, the
limitations of speculum remained.

Scientific Lunar Cartography

After a long hiatus, the next significant phase in lunar map
making began in the mid-18th century with Johann Tobias
Mayer (1723-1762) (Figure 7), and with development of the
achromatic refractor and the filar micrometer (Kopal and
Carder, 1974; Learner, 1981). In many ways, Mayer was the
father of scientific lunar cartography, since, like Langren a
century before him, he was determined to establish accurate
lunar longitudes using the times of entry of different features
into the Earth’s shadow during a total eclipse. By using the
crater Manilius as central point of his system of coordinates,
Mayer used a glass micrometer to measure the positions of
several other lunar features (Sheehan and Dobbins, 2001). In
this fashion, he generated two maps in orthographic projection
(Figure 7). This remarkable work, as Apollo-era Moon experts
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Kopal and Carder (1974) observed, places him in a unique
position in lunar cartography: “....Tobias Mayer became not
only the first modern selenographer of the world, but also the
founder of the German school of selenography which in the
century to come “took” the Moon away from the French and
Italians, and which included Schroter, Lohrmann, Midler,
Schmidt, and Fauth.”

In addition to establishing a system of lunar coordinates still in
use today, Mayer also made important contributions to studies
of the Moon’s libration and motion, and correctly concluded
that our satellite had little or no atmosphere based on his
observations of instant extinction of stars when occulted by the
Moon. In short, during his unfortunately short life, Mayer’s
work marked the effective end of the era of early telescopic
studies of the Moon and the beginning of the modern phase
of lunar cartography that extends to the present day, now with
manned exploration and mapping by spacecraft.

Following closely in Mayer’s footsteps, Johann Hieronymus
Schroter (1745-1816) would soon become the true father of
modern selenography (Figure 7). Despite his training as a
theologian and later lawyer, like many amateur astronomers,
Schroter was probably inspired by a seminal event, in this case
William Herschel’s discovery of Uranus in 1781. He managed
to get an appointment as magistrate in the small German town
of Lilienthal where, with ample means and time, he was able
to pursue his true passion (Moore, 1963). There he established
an elaborate private observatory in 1778, equipped with several
of Herschel’s excellent telescopes, and later instruments as
large as 18.5 inches aperture, making Lilienthal Observa-

tory the largest in the world at that time. Although Schroter’s
plans for a detailed 46.5-inch map of the Moon were never
realized, some 75 of his plates were published in two volumes
in 1791 and 1802. Sadly, however, most of his original papers
and observatory were destroyed during the Napoleonic wars in
1813 and he never recovered. Nevertheless, his contributions
to selenography were substantial, involving detailed scrutiny
of selected features under varying degrees of illumination,
determining the altitude of lunar mountains, and developing

a special projection machine to insure positional accuracy not

before attained (Sheehan and Dobbins, 2001).

Although Schréter held many unorthodox beliefs (see below)
and was not a particularly good draftsman, his contribu-

tions to lunar cartography, and indeed several other aspects

of astronomy, were major (Baum, 2007). He was a completely
honest observer and rarely made mistakes; nor did he draw
anything unless sure he had actually seen it (Moore, 1963). His
micrometer-aided measures of lunar mountain heights were
better than anything up to that point, and he independently
rediscovered many features including the Huyginus Cleft, the
Straight Wall, and Schroter’s Valley. He also coined the term

rilles for crack-like features.

Figure 7 — Top row: J. T. Mayer and his orthographic lunar map, Bottom row:
J.H. Schroter and lunar drawing example (all wikimedia)

Much the same applies to his planetary and solar work.
These included his firm establishment that Venus has a dense
atmosphere, and detection of the phase anomaly on Venus,
known as the Schréter effect, referring to the discrepancy
between the predicted and observed dates of dichotomy, as
well as his efforts to determine the rotation period of both
Mercury and Venus, and his discovery of solar granulation
and details of sunspot umbrae (Darling, 2015b). Schréter’s
pioneering efforts at comparative studies of the Moon

and major planets preceded what would later become the
sub-discipline of planetology as endeavoured a century later
by Percival Lowell.

Volcanism and Selenites

In common with many of his contemporaries, Schroter became
deeply interested, one might say obsessed, with the question
of whether lunar craters were formed through volcanism, and
whether the Moon had an atmosphere and might indeed be
inhabited. The question of the origins of lunar craters no doubt
began as soon as Galileo first observed them and adapted the
term from the Greek name for vessel. Over the centuries at
least three competing theories were advanced for the origin

of craters: volcanic eruptions, meteoric impacts, and a most
unlikely notion suggesting glacial action of sorts. In the 17th
and 18th centuries, astronomers were fiercely divided over the
issue of volcanic versus impact origins, as well as whether there
was water and air on the Moon (Sheehan and Dobbins, 2001,
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Darling, 2015a). The latter two, of course, would have
implications with respect to possible lunar life.

None others than such luminaries as Hevelius, William
Herschel, and Isaac Newton before him, were convinced that
not only the Moon but also the Sun and other planets were
inhabited by intelligent beings (Baum, 2007, Darling, 2015a).
Although such notions were by no means universally shared,
Schréter most certainly entertained them. As David Darling
(2015b) put it, “Schroter was an enthusiastic pluralist who
wrote that he was fully convinced that every celestial body
may be so arranged physically by the Almighty as to be filled
with living creature....”

He also claimed to have detected an atmosphere on other
planets he thought were inhabited, and attributed what he
perceived as colour changes on the Moon to cultivated lands.
It is perhaps important at this point to emphasize that most
scientists and scholars of that era had strong religious convic-
tions and were sure that the Almighty would not have created
anything in the Universe without purpose. As a result, belief
in pluralism or conviction in multiplicity of inhabited worlds
was almost universal among Schréter and his contempo-
raries (Darling 2015¢; Sheehan and Baum, 1995). Once
again, a parallel can be drawn here and a century later, when
enthusiasm, indeed conviction, for the plurality of inhabited
worlds reached a peak of sorts with Percival Lowell, Camille
Flammarion, Giovanni Schiaparelli, Richard Proctor, and
other Mars enthusiasts of the Victorian era, only to be defused
again by scientific reality in the 20th century (Teitel, 2011).

It is noteworthy that both ideas, namely that most craters are
volcanic in origin and that, despite its all-but-nonexistent
atmosphere, the Moon might still harbour some form of life,
persisted into the 1960s. The volcanic origin of craters, so
eloquently proposed by English amateurs James Nasmyth
(1808-1890) and James Carpenter (1840-1899) in 1874, held
sway for nearly a century (Nasmyth and Carpenter, 1874).
Their “fountain model” of volcanic eruption, adapted to the
largely airless Moon and its lower-than-Earth gravity, had
great appeal (Koeberl, 2001) as it seemingly explained both
lunar crater walls and central peaks (Figure 8). Since the art
of high-resolution astronomical photography was not yet
perfected, Nasmyth and Carpenter made stunning plaster-of-
Paris models of lunar features based on detailed visual observa-
tions (Figure 8). Although by mid-20th century the pendulum
had largely swung in favour of the impact hypothesis, several
noted authors, including V.A. Firsoff (1912-1981) (Firsoff,
1959, p. 61), Sir Patrick Moore (1923-2012) (Moore, 1963, p.
106), and even some professional scientists (Simpson, 1966),
still favoured a largely volcanic origin of lunar craters.

Likewise, and no doubt inspired by Percival Lowell’s notions
about Mars and William H. Pickering’s (1858-1938) rather
outlandish theories about plant and insect life on the Moon
(Darling, 2015C), Firsoff concludes as late as 1959: “To sum

Nasmyth and Carpenter’s volcanic fountain creating a crater
by ejecting material from a central cone.

Figure 8 — Top: Nasmyth and Carpenter fountain model of lunar crater
formation (Coventry and Warwickshire Astronomical Society, 1993).
Bottom: Rendition of the crater Copernicus by James Carpenter (1874)

up, there does not seem to be any sufficient reason why plants,
even of a highly organized type, should be unable to exist on
the Moon, though probably only in isolated oases of life, the
highlands being almost entirely barren, as they appear to be
on Mars” (Firsoff, 1959, p.178).

Perhaps the most notorious 19th-century advocate for
intelligent life on the Moon, as well as on other planets
including Venus, was Bavarian Franz von Paula Gruithuisen
(1774-1852) (Baum, 2007). An ardent admirer of Schroter’s,
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Gruithuisen acquired several of Fraunhofer’s superbly crafted
achromatic refractors ideally suited for lunar and planetary
observations. Fascinated by Schroter’s observations of several
rilles (grooves or clefts) in certain regions of the Moon, he
proceeded to study then in great detail, believing them to be
cities or great monuments built by intelligent Selenites! As

a result of such claims and notwithstanding the fact that he
was an astute observer of both the Moon and the planets,
Gruithuisen is given little credit for his original work and
findings. Among other things, he was one of the first to
suggest that lunar craters are impact features and to note

the bright regions at the poles of Venus, which he thought
were polar caps as on Mars. As noted historian of astronomy
Richard Baum describes him: “...Gruithuisen was an obsessive
pluralist... [and] carried his interest into practice and went
in search of life on other worlds” (Baum, 2007, p. 170). After
observing the illusive Ashen Light on Venus, his imaginings
went beyond the pale, attributing the phenomenon to a
celebratory festival by the planet’s inhabitants (Sheehan

and Brasch, 2013). %
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Astronomical Art
& Artifact

The Value in Bad Images

by R.A. Rosenfeld, RASC Archivist
(randall.rosenfeld@utoronto.ca)

Abstract

Most discussions of astronomical images as sources for
scientific data or aesthetic pleasure concern representations
judged to be quantitatively, or qualitatively “good.” An image
that is not “good” would seem to offer little in return for any
effort spent on analysis. Can anything be learned from looking
more closely at less than optimal images? A 19th-century
transit of Mercury drawing by prominent Society member Sir
Adam Wilson provides a test case.

The good, the bad, and the ugly

Most astronomical images that merit inclusion in curated
exhibitions (e.g., Canadian Astronomical Images [TYA2009]),
art books devoted to astronomical imagery (e.g., Benson
2014), or introductory astronomy texts are usually technically
accomplished representations possessing “photogenic” qualities,
high aesthetic appeal, and verisimilitude. The “goodness,” or
quality of such astronomical images is assessed in a manner
no different from that used to judge the quality of Paul
Kane’s (1810-1871) portrait of Superintendent J.H. Lefroy
(1817-1890) of the Toronto Magnetic and Meteorological
Observatory (ca. 1845; AGO, Paul Kane). Art is art.

When it comes to science, astronomical images in research or
review papers have usually been captured by systems that have
been carefully and thoroughly characterized, and from which
data can be reliably and consistently reduced through quanti-
tative protocols. Here “goodness” is attributed according to the
quality of the science the images can deliver. It is possible, and
frequent, for astronomical images to have both high scientific
value and middlebrow aesthetic appeal (e.g., the various
Hubble Deep Fields; Illingworth et al., 2013 exemplifying the
science potential; Kessler 2012, the art).

Qualitative assessments of the aesthetic fitness of an image,
however balanced, have elements of the subjective about them,
as do quantitatively based assessments of their research value,
however logically systematic, or data based. Science is an art,
and art involves science, and without the exercise of judgement
neither is particularly achievable. It is something we are stuck
with, and it’s best to be honest about it. We should also be

/,W/ Ww,r.//sf/h 7%7 M

Figure 1 — Sir Adam Wilson’s drawing of the transit of Mercury 1891 May 10,
as seen from somewhere in Toronto. Sir Adom used the reverse of a legal
document for his record. Reproduced courtesy of the RASC Archives.

aware that judgements of the fitness of an image can vary with
time. In 1856, pioneering astrophotographer Warren De La
Rue (1815-1889) “created a drawing of Jupiter of such artistry
and (apparent) attention to detail that it was used as the
closest thing to a standard visual reference in written discus-
sions of the planet’s features until the end of the century”
(Hockey 1999, 78-81). To our post-Voyageur eyes, it looks like
a poor attempt to render details of the Jovian atmosphere. To
modern observers, there were other Victorian-era astronomers
who produced much more accurate records of the appearance
of Jupiter (e.g., Rosenfeld & Sheehan 2011, 55, although the

case is complex).

It is rare to encounter images that are considered visually
unappealing, or are visually challenging, or conceptu-

ally disturbing, or inadvertently comical, in collections of
astronomical images curated for public middlebrow “art”
contexts, unless the theme is purposely radicalized. Likewise,
astronomical images from which good data cannot be reliably
harvested are usually not used for datasets when better-quality
images are available (a sane strategy for normal science, but

one needing to be questioned in art).

Continues on page 262
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Pen & Pixel

Figure 1 — Malcolm Park took three different images on three different nights with three different OTAs to capture this beautiful
final of M31, M33, and the star Mirach. For Mirach and M31, Park used a Nikon D810A camera on an Orion ED80 600 mm with
a focal length of #/7.5. M33 was imaged using a QSI 683WSG CCD camera on a TEC 140 refractor. Mirach is a stack of nine
180-second subs at f/2.8 at 1SO 800 on an Astrophysics Mach-1 mount. M31 is a stack of six 180-second images at IS0 2500.
All images were guided with a KW Kwiq Guider and stacked in Photoshop.

Figure 2 — The northern
lights dozzle in this
stunning image by Tenho
Tuomi, who took this from
the Tuomi Observatory,
17 miles north-northwest
of Lucky Lake, Saskatch-
ewan, on 2015 March 17.
The 10-second exposure
was captured using a
Canon T5i/ 7000 camera
at IS0 1600 with a Canon
XT/350D 18-55 lens at
1/3.5, set at 18 mm.

No processing software
was used.
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Figure 4 — On 2015 September 29, Halifax Centre’s
Michael Gatto took advantage of excellent seeing
conditions to sketch this image of craters Mersenius (top),

and Gassendi (bottom). He used an 8” f/7.5 reflector -

with magnifications of 120 and 200X, hand-tracked
with an Alt-Az mount. It was sketched at the eyepiece
in pencil, then scanned, with grey tones and highlights
added in Photoshap.

Figure 3 — This collage of the total
lunar eclipse of 2015 September
27 was taken in Clarke’s Beach,
Newfoundland and Labrador.
Robert Denney used his Celestron
Nexstar 12751t and a Nikon D5000
camera. No Photoshop was used

-in processing, but the collage was
created using Picasa.
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Continues from page 259

When “good” images are the prevalent expectation in art and
science, is there any use for aesthetically “ugly,” and scientifi-

cally “bad” images?

'The virtues of the bad

'The aim should be to obtain the best images possible to answer
the research question(s) for which they are sought. What is
available, however, may not meet the modern standard for a
good image, or even an older standard contemporary with the
image’s creation.

Imperfect images may be the sole scientific record of a
transient event if there were few observers, and technical
failure has occurred in the apparatus, or the record as
published is incomplete, or the rare original images have
suffered serious degradation. In such cases, bad images can
have high scientific value because they are the on/y images. For
a hypothetical but easily comprehensible example, if Johannes
Hevelius’s (1611-1687) imperfect retrospective image
illustrating Jeremiah Horrocks’s (1618-1641) observation of
the 1639 transit of Venus was the sole surviving account of
Horrocks’s observation, it would assume a greater significance
than it enjoys (for the image, see Horrocks 2012, xxiii, 122).

If a long series is necessary for a particular branch of
time-domain astronomy, it may be necessary to turn to old
(sometimes very old) records stemming from “scientific”
cultures with markedly different graphic conventions from
ours, which we may only imperfectly understand. Good data
cannot be easily or even reliably harvested from such images,
yet there may be no choice but to extract the imperfect data
(e.g. Rosenfeld 2014).

A bad image may be significant for historical reasons. It

may be from the hand of a figure sanctified by the scientific
canon, a figure who has made real contributions to science.
'There were prominent astronomers who could extract

useable data from the visual shorthand of their images
(although others could not), or who illustrated their papers
with observational drawings employing overly formulaic
depictions of phenomena, approaching at times the stiff
formalism of cartographic conventions. Unlike his son Sir
John (1792-1871), William Herschel (1738-1822) was not an
accomplished astronomical artist (Herschel 1912,1 159,294,
295,311,378, 443, pl. X111, 11, 152, 158, 333, 409, pls. I1, 111,
IV). Some of Sir William Huggins’s (1824-1910) planetary
drawings were passable with caution, but none could be called
outstanding. The fruit of his early years with the RAS, it is
fortunate that he turned his attention to other astronomical

fields (Huggins 1909, 361, 363, 365, 367, 373).

An unskilful observational drawing with minimal scientific
value may, however, provide information on the state of
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Probate of the ladt Will and Testament of Thomas Clark Street, late of the Township of Stamford, »

in the County of Welland, Esquire, deceased, referred to in the foregoing letters Testamentary.
This is the Tast Will and Testamont of wme, Thomas Clark Street, of the Township of Stamford, in

the County of Welland, and Dominion of Canada, Esquire.

TFirst, T give and devise my Mansion House at Clak Hill, with the islands, lands and grounds
thereto adjoining or belonging, and my Flouring Mills and Weolen Mill and the Machinery and Buildings
apportaining to or used therewith, and all the land cast of the Macadamized road leading from Chippawato 10
the Falls, lying between the said road and the Ni River, composed of the fronts of lots numbers one
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with my father’s estate in and to those portions of th rand Pell in the spid Township of =
Stamford, which lie without the corporation of the V of Chippawa, said farms containing in the
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and profits of the said Jands and building, unto and to the use of my dear mother, Abigail H. Street, for
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and during the term of her natural lift, and from and after her decease, I give, devise and bequeath the 31
said lands and premises, with the appurtenances, and the said goods and chattels, and all the rights and
privileges thereto belonging, unto my nephew, Sutherland Macklem, the son of my sister Caroline, to have

and to hold to him, his heirs, executors, administrators and assigns, to and for his-and their sole-and only-.
use for ever.

Will dated 2nd September, 1872,

Probate granted 24th September, 1872.
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Figure 2 — The obverse of Sir Adom’s Mercury transit drawing. Reproduced
courtesy of the RASC Archives.

development of a particular observer’s ability to see at the
period the drawing was executed, as well as evidence of

the state of his or her technique for recording the observa-
tion (in reading these images it is important not to confuse
artistic limitations with perceptual ones). Information for his
or her ability can be compared to that of others in his or her
observing circle, as well as with contemporary observers in
other places. If gathered in sufficient quantity, such material
might be useful in writing the history of the average observer.
'The information might even be amenable to statistical
treatment. Average observers have a history, and it tends not
to be told at the expense of telling the history of exceptional
observers.

Sir Adam Wilson’s Mercury transit drawing
Sir Adam Wilson (1814-1891) was a socially prominent

member and benefactor of the Astronomical and Physical
Society of Toronto (Rosenfeld 2009; 2011). Created QC in
1850, he was the first mayor of Toronto elected by popular vote
(1859-1860); in the early 1860s he served as solicitor general
for Upper Canada. As a moderate reformer, he clashed with
John A. Macdonald and George Brown. The zenith of his legal
career was reached as Chief Justice of the Court of Common
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Figure 3 — Detail from a photograph of a Society “star party” ca. 1900,
showing an amateur reflector contemporary with Sir Adam’s now lost
instrument (the instrument shown here probably had a 10.8-127 cm
primary mirror, whereas Sir Adam’s was equipped with a 15.2 cm mirror).
Reproduced courtesy of the RASC Archives.

Figure 4 — Diagram of an amateur
reflector on a parallactic mount.
Sir Adam’s reflector was said to
be similarly supported. from John
Browning, A Plea for Reflectors
(London: John Browning, 1876),

p. 15, figure 4.

Pleas (1878), followed by
Chief Justice of the Queen’s
Bench (1884-1887; DCB,
Wilson, Parker).

Sir Adam seems to have
discovered astronomy in his later years. After his retirement
from the bench (Anon. 1891, 70-71). He was proposed for
membership in the Society on 1890 October 7 (the year of
its revival), and was duly elected on the 21st, at the age of 76
years (APST Minute Book, 44, 46). He had acquired a 6-inch
speculum-mirror reflector, of which he was both proud, and
anxious, hosting members at his house to display his acquisi-
tion and to solicit their opinion of its worth (Anon. 1890,
21). He contributed to the meetings, chiefly in moving and
seconding motions, and was elected a life member on 1891
July 14 (this was then a species of honour; Anon. 1891, 24).
His time within organized astronomy was short; he died
on 1891 December 28, a little over a year after having been
elected (Anon. 1891, 70). He'd foreseen this eventuality,
and left his telescope and a celestial globe to the Society
(Rosenfeld 2009; 2011).

Eight months before he died, Sir Adam did manage to observe
the transit of Mercury on 1891 May 10, from Toronto. He sent
a brief report to the Society, which appeared in the Transac-
tions: “Observations respecting the transit of Mercury were
made by Sir Adam Wilson, who sent a large drawing, and
reported that he had been very successful” (Anon. 1891, 12).
'The drawing does survive (Figure 1), and shows if anything
that Sir Adam was a man too easily pleased by his own

efforts. The first thing one notices is that Mercury is depicted
much too large in relation to the solar disc, a common error

of beginners. Sir Adam has misrepresented the true size

of Mercury’s disc against the Sun by 450 percent. Another
problem is that he gives a figure for the duration of his transit
observations, but not for the precise time of his drawing.

The inscription across the bottom reads: “Transit of Mercury
across on the Sun/ as seen in Toronto on Saturday 9th of May/
1891 between 5.45 PM & 6.15 AW.” In fact, only the first

and second contacts would have been visible from Toronto,
with the Sun a mere 5 degrees or so above the horizon at first
contact. The transit would have commenced around 18:57, so
clearly the information inscribed on the drawing is unreliable.
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'The image has been drawn on the back of a probate will
extract dating from 1872, a not inappropriate act of recycling
for a legal professional (Figure 2). The materials used are
pencil, compass, straightedge, pen & India ink, and brush &
yellow wash. The sequence of work appears to have been to
draw the solar disk with compass and pencil first, then a line
through the Sun’s centre with pencil & straightedge, followed
by the disk of Mercury with compass & pencil, next the solar
disk was filled with the yellow wash, and finally Mercury was
filled in with India ink. The inscription with signature was
then added. Some attempt has been made to show the limb
darkening. An examination of the solar limb reveals that Sir
Adam experienced difficulty keeping the yellow wash within

the confines of the pencil outline.

'The scientific value of Sir Adam’s transit image is less than
negligible, and it is hard to conceive of anyone turning to it
for aesthetic enjoyment, other than perhaps Sir Adam himself.
“Bad,” and “ugly,” the image is a good witness of the materials
chosen by an amateur of the period. Its crude inaccuracies
hint at the state of Sir Adam’s observational abilities, and

the errors in drawing and annotation suggest the state of

his understanding;, or lack of understanding, of what would
make his drawing useful. It is the work of an amateur at the
beginning of his observational career. There is something
naively touching in Sir Adam’s lack of sophistication when he
reports his observation a success, and sends his poor drawing
to the Society as proof!

It is pleasant to think of an elderly man, discovering astronomy
in his 70s, and in the last year of his life, taking the time to
enthusiastically record an observation. His transit drawing

for all its faults may have been an improvement on his earlier
efforts at creating observational records. It seems he received
support from the Society, for he left his astronomy hardware to
his astronomical friends in that organization. It is to be hoped
that they offered advice and example to enable him to become
a better observer, which he might have, had he lived longer.
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Binary Universe

A Virtual Moon

by Blake Nancarrow, Toronto Centre
(blaken@computer-ease.com)

If you love the Moon, you'll love Virtual
Moon Altas. VMA is a free application
downloaded from Patrick Chevalley and
Christian Legrand. The software is offered for the Windows,
Macintosh, Linux, and PocketPC platforms. Chevalley may

sound familiar: he also wrote Cartes du Ciel.

Virtual Moon Atlas shows realistic views of our nearest
celestial neighbour to assist the astronomer, particularly

one using binoculars, telescope, or camera, in identifying

or locating lunar features. It can simulate the Moon phase,
varying distance, and libration for any date and time. It is easy

to use but contains an astounding array of charts, maps, and

overlays, as well as a wealth of detailed textual information
to satisfy the serious Moon observer. It is not just an atlas—

consider it a lunar encyclopaedia.

I have used the product periodically over the years. It is
installed on my netbook and desktop Windows computers.
'The current version is 6.1 (with update applied). The product
has expanded a lot over the last couple of years and now offers

a number of components including AtLun, DatLun, and

PhotLun.

AtLun is a lunar atlas that shows detailed maps. The DatLun
allows one to search databases and extract content. And the
PhotLun component permits one to search and view Moon
photos. The AtLun feature, the main attraction, is the one I

use and the focus of this article.

After installing the app, you will be prompted to indicate your
location. On Earth, of course. It is sensitive to topocentric and
geocentric positioning. You'll also need to set the date, time,

and zone. A rather realistic simulated view of the Moon will

B Virtual Moon Atlas
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File Conlfiguration Help Zoom:

Sinus Roris

Mare Imbrium

anus Procellarum

Mare Insularum

Mare Nubium

Mare On e

Rimae Pettit

Date: 20151019 Time: 22:31:20 Field: 40 Zoom: 1.7 Level:1 WAL

Longitude: Latitude:

"I BGOCBmAlcOFTS A

Information | Motes | Ephemeris | Terminatar | Took: | Setup

et Find Next

Outline

A

WERNER

L.UH.: AAZB03S00329E

L.U.H.REDUCED: 2303500329

Hame type: A4

Type: Crater

Geological period: Eratosthenian (From -3.2 billions years to
-1.1 bilions years)

Size:

Dimension: 70.0x70.0Km / 42.0x42.0M
Height: 4220 0° / 12800 0ft
Height/Wide ratio: 0.0603

Description:

“oung circular formation forming an interesting couple with
Aliacensis,

Very steep and tormented slopes supporting Blanchinus to the
Morth Aliacensis to the South-East and Regiomontanus to the
West

‘Walls in very raised tiers supporting the craterlet Werner D to
the North.

Flat fioor but tormented alongside the South wall. Slightly
off-centered mountain.

Observation:

Interest : Exceptional formation

Observation period: First Quarter or 6 days afier Full Moon
Minimal Instrument: 50 mm refractor

Position:

Longitude: 3.293° East
Latitude: 28 026° South
Side: Nearside

Quadrant: Seuth-East
Area: Arzache! crater region

Atlas:

Rukl map: 55 Arzachel

Viscardy page: 122

Westfall Atlas: 35750035 1675 1745 1795

Charles Wood article: MM 140

Lunar Orbiter: M-100-H3 N-100-M N-101-H1 W-107-H3
N-108-H1

Name origin:

Detailed Name: Johannes Werner

15 th century german Astronomer and mathematician born

in Germany

Born at: in 1468

Dead at: in 1522

MName Author: Riccioli (1651) v

Figure 1 — The VMA program in the atlas mode showing the Moon’s phase on 2015 October 20, major features including maria, and the maximum libration point

(red arrow). Crater Werner was selected (shown in yellow).
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Figure 2 — Zoomed into an area in the
southern hemisphere. The Ephemeris tab
shows date/time controls and detailed
information about the Moon phase.

appear. The topocentric option is
preferred as it will rotate and tilt
the Moon image for your specific

position on the planet.

VMA creates a fairly realistic
presentation of the lunar surface.
'That said, you can turn off the
display of the phase so to view
the entire surface. You can darken
or brighten the shadowed part of

the Moon (to perhaps simulate
Earthshine).

Figure 3 — Photographs can be selected and
viewed easily via the shortcut menu.
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