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As we're writing this issue, the temperature is colder than it’s been for a long time, so please
make

yourself comfortable and warm, and enjoy the latest edition of Clear Skies!

Even though it is very cold, please take some time outside to use Jim’s monthly star charts.

In our last issue, Mahmoud’s recount of his time at the Greenbank Observatory was
inadvertently left out. We have placed it in this edition for you.

One of the most historic observatories in our country is Mount Wilson, in California. This
issue, we have two articles about it: Director Dave’s memories from 1980 - 1982, and Anthony’s
recent visit.

Some visitors might be aware that Ladd has a computer from NASAs Space Shuttle. If you
haven't seen it yet, Curator Mike will introduce you to it, and on your next visit, will show it
to you. Mike will also spotlight the beautiful Trouvelot image of our largest planet Jupiter.

Our closest outer planet neighbor Mars is in the news a lot lately. Bob will introduce you to
it, both past and present, and will also talk about the hunt for the planet’s two moons.

Brown has beautiful prints by the artist Etienne Léopold Trouvelot. Mike was curious when it
was depicted, based on the positions of two of the planet's larger moons

There appear to be times when we here on Earth are “visited” by a tiny moon companion.
The latest has just recently left. Also, there has been a fair amount of space activity in 2024.
We'll in-troduce you to a number of them.

Finally, enjoy the beautiful images from various contributors in our “Gallery” section,
including the planets, a sunset comet, and even two different space stations.

As ever, this magazine couldn’t be as beautiful as it is without the work of Indigo Mudbhary
and Kate Kuli, and the cover selected by Mahmoud Hallak.

Please enjoy our Clear Skies!




A total Lunar Eclipse occurs on the night of March 13-14. The partial phase of the eclipse starts
on the morning of the 14th at 1:09 am EDT. At first, you will notice a little nibble out of the left side of the

Moon. This is due to the Moon moving from west to east, in its orbit around the Earth, about one lunar diameter
per hour. As time goes on, more and more of the Moon is being eclipsed, eventually being fully within Earth’s
shadow. But even before the eclipse reaches totality at 2:26 am EDT, you should notice a change in color - ranging
from a dusky gray to a brick red, or perhaps a bright copper color. This is due to sunlight being refracted through
Earth’s atmosphere, and shining on the Moon. An astronaut standing on the Moon at this moment would see a
solar eclipse, a red ring of light surrounding the Earth, and the surface of the Moon being bathed in the light of all

of the Earth’s sunrises and sunsets.

The exact color we see during totality depends on the clarity of our atmosphere. We have had eclipses occur soon
after volcanic eruptions that placed a lot of dust into the atmosphere, which further scatters sunlight, and makes
for a much darker eclipse, to the extent that the Moon can completely disappear. However, I expect this eclipse
to be fairly bright, and more copper in color than red. Also, the eclipse path is near the northern edge of Earth’s

shadow, so the northern edge of the Moon will be brighter than the southern part, which is deeper in the shadow.

Mid eclipse is at 2:59 EDT, and totality ends at 3:32am, after which the partial phases return, with the eclipse end-
ing around 4:48 EDT.

However, I expect this eclipse to be fairly bright, and more copper in color than red. Also, the eclipse path is

near the northern edge of Earth’s shadow, so the northern edge of the Moon will be brighter than the southern



part, which is deeper in the shadow. We will also
be treated to a sunrise partial solar eclipse
on March 29th. If you want to view this eclipse,
you MUST take proper precautions to safely view it.
Although about half of the Sun will be eclipsed at its
maximum, it will appear every bit as bright as it nor-
mally does, so you need to protect your eyes. For in-
formation concerning safe solar viewing, please visit
NASA’s website at https://science.nasa.gov/eclipses/
future-eclipses/eclipse-2024/safety/.

The eclipse will already be in progress at the moment
of sunrise at 6:32 EDT, appearing as a “Crescent Sun”
with a big bite out of the left side. You will obviously
need to be in a location with an unobstructed view

looking east. More and more of the Sun will be re-

vealed as the Moon slips away, and the eclipse will be

over at 7:08am.

Text and 2003 Lunar eclipse photo by Bob Horton.

2021 Solar eclipse photo by Jim Hendrickson.
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A little background about myself for this article - my name is Mahmoud Hallak, and I am a rising senior
at Brown University. This summer, I had the opportunity to intern at the National Radio Quiet Zone

(NRQZ) at the Green Bank Observatory, home to the largest fully steerable radio telescope in the world.

Living in Green Bank had many quirks: no Wi-Fi, no cellular service, an average of just one person per
square mile, and the nearest grocery store was an hour away. Despite this, we found plenty to do: hiked
the beautiful trails of West Virginia, swam, biked around the massive radio telescopes, stargazed while
doing astrophotography, and enjoyed smaller things like lying on the grass to watch sunsets and counting
deer. I also brought my Indian flute, which was a treat to play as the mountains echoed the sound of the
flute back to me. When that wasn't enough, we would plan excursions to watch movies in a theater an
hour away. We also visited friends at the Charlottesville site, 2.5 hours away, for rafting and to restock on

groceries.

My internship began with an onboarding week, during which interns from other NRAO sites visited
Green Bank. We learned to operate the 40-foot telescope, and mapped the core of the Milky Way. This
summer, the GBT was under maintenance, and bridge inspectors assessed the structure. This meant I got
to have a personal tour of the Green Bank Telescope (GBT), which I experienced three times. Unfortu-
nately, no digital photography was allowed, so I have only film photographs from that visit. As we climbed
the stairs, the bare metal beams made it resemble a truss bridge more than a traditional radio telescope,

the scale was even harder to assess from on top of the telescope.



As part of my internship, I mentored and chaperoned 20 rising high school students from disadvantaged
communities who camped in a bunkhouse for two weeks. Along with three other chaperones, we taught
them about radio astronomy, guided them in their group projects, and the hardest task of all, made sure
they slept and got up on time! My group’s project focused on analyzing Andromeda, our neighboring
galaxy. My students used both the 40-foot telescope and the 20-meter telescope to study it in the radio
spectrum. At the end of their project, they presented their findings, determining the galaxy’s mass with
impressive accuracy using the radial velocity curves. Mentoring these 14-year-olds as they calculated the
mass of a galaxy was one of the most rewarding experiences I've had teaching astronomy. They were so

excited and willing to learn concepts that took me semesters of study.




Astrophotography was another highlight of my time at Green Bank. The skies were mostly clear through-

out the summer, and the lack of light pollution offered stunning views. The intern house was isolated, so
when we turned off the lights, we were surrounded by starlight and moonlight. One of the employees let

me borrow a star tracker, which I used with my Nikon D7000 camera to capture images.







I started by photographing star trails to test the dark skies. Once the Milky Way became visible, I experi-
mented with stacking shots for more detail and creating mosaics. I also took group photos and composit-
ed images featuring the GBT.

The full Moon was a bummer in the pristine dark skies, but I tried to make the most of it. Once the Moon
was out of the way, I focused on capturing deep-sky objects, with each one requiring a few nights of at-

tempts. My targets included Andromeda, the Trifid Nebula, and the Lagoon Nebula.

Around midnight, clouds often condensed, creating clear skies, with fog rolling up the hillside. This made

for great manhunt scenarios—one person would shine a flashlight while the rest of us moved through the

fog.




To conclude my time at Green Bank, I presented my project, which involved optimizing the radio fre-
quency interference graphical user interface. This optimization made the GUI 15 times faster at retrieving

data and will hopefully be used across other radio observatories beyond GreenBank.

Now that I have access to Wi-Fi and Bluetooth headphones again, I find myself missing that level of dis-
connection. While it had its drawbacks—like running home in pitch-dark forests at midnight because I
couldn’t reach anyone or getting locked out of my bank because I couldn’t complete 2-factor authentica-
tion—I found that with less access to the connected world, I grew closer to my surroundings and formed

stronger friendships. — Mahmoud Hallak
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MT. WILSON
OBSERVATORY

Mt. Wilson is the peak of the San Gabriel Mountains and home of the Mt. Wilson Observatory. In the ear-
ly 1900’s, this observatory was at the cutting-edge of astrophysics, and responsible for multiple paradigm
shifts in our understanding of the universe. But, in the past few decades, scientific activity on the peak
has declined and the observatory has been largely transformed into a historic attraction. This summer,
while travelling to a conference at Stanford, I was fortunate to make a stop in Los Angeles and visit this
grand site. The drive up the mountain range was gorgeous, yet hazardous, with regions where a few inches
separated my car from the cliffside. But, after about an hour travelling up the mountain, the dome of the
Hooker telescope, the solar towers, and the radio towers poked over the horizon.

An important figure in the history of Mt. Wilson is George Ellery Hale, the founder and director of
the observatory until 1923. Hale was raised in an affluent family and, at a young age, developed an interest
in astrophysics and solar physics in particular. This was further refined after he completed his degree in
Astrophysics from Massachusetts Institute of Technology, during which he developed the spectrohelio-
graph, an instrument used for studying spectra of the sun. In 1893, Hale was appointed at University of
Chicago and originally used the Kenwood Observatory (built for Hale as a gift from his father). Later,
Hale was the first director of Yerkes Observatory, and was responsible for the construction of the 40-inch
refractor it held, the largest refracting telescope in the world (to-date). This served as Hale’s first “largest
telescope in the world” and his first appointment as director of an observatory.

Hale's interest in solar astronomy led to a pursuit of different sites for solar telescopes. In June 1903,
Hale traveled to Mt. Wilson and conducted tests of the solar seeing. In 1904, thanks to funding from the
Carnegie Institution, the Mt. Wilson Solar Observatory was officially founded, and the Snow Solar Tele-
scope, originally located at the Yerkes Observatory, was transported to the peak. Walking into this
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telescope was unbelievable, as a beam of sunlight was reflected from a mirror outside across a large hor-

izontal shelter and eventually reflected onto Hale’s own spectroheliograph. The instruments in the room
were still powered by generators originally built in 1904, and groaned as fans were turned on to cool the
mirrors. The goal of this unique horizontal design was to increase the focal length of the telescope, which
greatly increased the magnification, but the telescope was not without its challenges. The temperature at
Mt. Wilson led to strong convection currents within the shelter, disrupting the image, and the intense heat
of the beam warped the then-experimental silver-coated plate glass mirrors.

In 1904, while the Snow telescope was still being transferred to Mt. Wilson, Hale had already con-
ceived of a new design: this placed the primary mirror at the top of a large tower, and had the resulting
beam reflected towards the ground. This overcame two issues: the mirror would not overheat at a higher
elevation, and convection currents would no-longer disrupt the projected ray. The 60-foot Solar Telescope
Tower was completed in 1908, and the 150-foot Solar Telescope Tower was completed in 1910. To date,
these two solar telescopes are used to observe the sun multiple times per day, and Mt. Wilson hosts the
longest running archive of sunspots. The extremely long focal length of both telescopes projects an image
of the sun the size of a kitchen table, where the sun-spots are traced on paper. Additionally, multiple times
per day a volunteer ventures up a small elevator (not much larger than a garbage can) to adjust the point-
ing of the primary mirror and maintain the instrument. From the ground, these solar towers pierced the

sky, and the details in the images of the Sun were exquisite.
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When Hale applied for funding
from the Carnegie Institution, he
also proposed the construction of
a 60-inch reflector, the largest tele-
scope in the world at the time (the
previous record-holder, the Rosse
six-foot telescope, was decommis-
sioned in the 1890’). Construction
for this began in parallel with the
60-foot Solar Telescope Tower, and
on December 8th, 1908, the 60-inch
Telescope had its first light. Despite
being the largest telescope in the
world at the time, during the con-
struction of the 60-inch Telescope
and without a plan for a new design,
Hale commissioned the casting of
a mirror for a 100-inch reflecting
telescope after John D. Hooker of-
fered to pay for its production. The
telescope was assembled on-site
and, on November 1, 1917, the tele-
scope was slewed to Jupiter for its
first light. But, Hale’s team was only
able to resolve a blurry image with
multiple internal reflections... For-
tunately they noticed that the dome
had been open during the day, po-
tentially heating the mirror. After
closing the dome, Hale returned
to the telescope at 3am to find it in
perfect focus.

Standing next to both telescopes
is enough to make anyone feel small,
particularly since the 100-inch tele-
scope is so large that an additional
refracting telescope is used as an
eyepiece. I couldn’t help but reflect
on the discoveries this instrument
made... In 1923, Edwin Hubble and
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his team demonstrated that the Andromeda Nebula and Triangulum Nebula were too distant to be part
of the Milky Way, confirming the existence of “island-universes” (now called galaxies). Using the same
technique, five years after demonstrating that the Milky Way was not an isolated galaxy, they published
evidence that other spiral nebulae were receding from the Milky Way; the universe was expanding. In
1933, Fritz Zwicky used the Hooker telescope to study the nearby Coma cluster and found that the lumi-
nous matter disagreed with the matter needed to keep the galaxy cluster gravitationally bound; the first
indirect evidence for dunkly materie (dark matter). Finally, Walter Baade was able to resolve stars in the
bulge of Andromeda. These stars had very different colors from the stars in the disk and Baade recognized
a distinctive change in the behavior of variable stars in this region: Baade had uncovered the first evidence
of an older generation of stars. Each of these scientific studies has set the stage for modern astrophysics,
which centers on the study of galaxies, the expansion of the universe, the nature of dark matter, and the

active hunt for the first generation of stars which formed early in the universe.
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Driving down from the peak, and seeing the telescopes dip back below the horizon, the mood turned

melancholy. Since this avalanche of discoveries, scientific activity on Mt. Wilson has declined over the
past several decades. The rapidly developing LA area below led to intense light pollution, making deep-
sky observations of galaxies nearly impossible, and in 1986 the Carnegie Institution withdrew its funding
to focus on other observing sites. In its current status, the observatory is supported by a team of volunteer
staff who maintain the instruments. Other than these staff, a handful of generous donors and a small
stream of income from tourism keeps the observatory funded. If you ever find yourself near LA and are
interested in supporting this historic observatory, visiting hours will resume in the spring, and are daily

from 10am-4pm. — Anthony Englert
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OBSERVATIONS
FROM MT. WILSON

Almost exactly 100 years ago, our understanding of the universe underwent the second of three seismic
shifts of the early 20th century. Mt. Wilson Observatory, situated a mile above Los Angeles, played a key

role in laying the observational groundwork for these shifts.

When Mt. Wilson was selected as a site for a new observatory, in the early 1900s, Los Angeles was a
smallish city, and it was dry. Few could have foreseen that highways, automobiles, aqueducts, and the
discovery of oil would transform LA into a sprawling metropolis, creating a vast sea of lights below, and
significant light pollution above. Still, the seeing, due to the atmospheric stability, was excellent, and
while astronomers contemplated building large telescopes in more remote (darker) locales, they made

observations at Mt. Wilson that were critical to major shifts in our perspective.

A few years prior to 1924, astronomer Harlow Shapley determined that the sun was not the center
of the Milky Way, but rather on its outskirts. (At that time the Milky Way was thought to constitute
the entirety of the universe.) This discovery echoed the Copernican revolution’s earlier de-centering

of the Earth from the universe.

Shapley used the Period-Luminosity relationship, developed by Henrietta Swan Leavitt, to measure the
distance to Milky Way objects. Those observations were made with the 60” telescope at Mt. Wilson,
which prior to the “first light” of Mt. Wilson’s 100” Hooker Telescope, was one of the largest and most

precise telescopes in the world.

Although Shapley was credited with this discovery, for a period he clung to his belief that the Milky
Way constituted the entirety of the universe. The fuzzy nebulous blobs - such as the “Andromeda Neb-

ula” were just that- nebulae, like the Orion Nebula.

Using the newly operational 100” telescope, Edwin Hubble observed the periodicity of a Cepheid star in
the “Andromeda Nebula”, (M31). By applying Leavitt’s period-luminosity relationship, he determined
that M31 was a separate “island universe” or galaxy. Many (but not all) of the other faint blobs in the

night sky could also be galaxies. This was the second seismic shift, and in 1924 Hubble wrote a letter to
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Harlow Shapley with this news, who supposedly told a colleague “here is the letter that destroyed my

universe.”

The third discovery that transformed our perspective is that (most) of the galaxies are moving away
from us and each other, and the farther ones are moving faster, indicating that the universe is expand-

ing. These critical observations were also made from Mt. Wilson.

So it was with an appreciation for this history, that, as a graduate student at UCLA, I drove my car up
a narrow road leading from the LA basin to the mile-high summit of Mt. Wilson. Fortunately, a layer
of overcast clouds blanketed Los Angeles, faintly glowing with hues from the city lights, resembling
cotton candy. And looking up, the sky, moonless, black, and filled with stars.

When it was our turn to make spectroscopic observations of several distant cataclysmic binary stars,
another graduate student and I were helped by the night assistant to the Coude Focus of the 1007, un-
derneath the observatory’s main floor. At various times during the night, we would take breaks and
explore the observatory. On one of these breaks I walked into a room that held elements of the giant
telescope’s clock drive. If you look at Ladd’s 127 telescope, there is a box with gears and a spinning gov-
ernor that can be used to adjust the precise motion of the telescope. Entering the analogous structure,
a room within the 100” assembly, felt like walking into a giant version of the Ladd drive. In fact, there
was a human-sized governor that was spinning, and I kept my distance so as to not throw off the drive’s
motion. I was essentially “inside” the clock drive. (In recent years the telescope has been outfitted with a
modern computer-driven drive, although given the historic nature of the telescope many of the original

drive elements were left in place.)

During another break we cheated a bit. We diverted the incoming light from the spectroscope, to a
large eyepiece I had brought with me, and pointed the giant telescope over a few degrees to the central
part of the Orion Nebula. The stars of the famous “Trapezium” - normally six or so in number as seen
through a small telescope, were embedded in a cluster of what appeared to be hundreds of stars, in the
heart of the nebula. The site was breathtaking. After pausing to take in the view, we quickly moved the

telescope back to the star we were studying.

During another break I went to the main floor, with the huge telescope looming above me and the slit
wide open, the stars shining above. A reclining cushioned chair, thoughtfully placed on the main floor,
invited me to sit and reflect on the historic discoveries made here, all while marveling at the telescope,

the dome, and the stars overhead.
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At 4am I got back into my car, and sped down the winding road, making my way back to the campus
across the city. At that time the infamous traffic of LA was absent; the highways were nearly empty. I got
back to campus in time to teach my section of George Abell’s introductory astronomy class. The subject

that day was the expansion of the universe. — Dave Targan

For a sense of size, notice this oil can.

19



by Michael L. Umbricht

Planning for the Space Shuttle program began in 1972. The NASA Space Shuttle was a revolutionary design. Prior
to this, pilots would use a control stick to tilt the flaps on the wings to control an aircraft. Moving the control stick
would send an electrical signal to a motor that moves a flap. This replaced an even earlier technology where the
stick was mechanically connected to the flap by a rod.

NASA pioneered a new control method for the shuttle. It was called “fly-by-wire.” The control stick would send a
signal to a computer that would measure the pilot’s hand position. The computer would then calculate how much
to move the flap. Then the computer would directly control the electric motor. The aerodynamics of a shuttle
landing would make it difficult to control the vehicle. The fly-by-wire would control the shuttle more easily, and
precisely, than could be accomplished by a human directly controlling it.
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The computer that was selected was the IBM AP-101. It does not have a single microprocessor chip like a modern
computer. Instead, it has circuit boards with many chips on them that are interconnected. The AP-101 was a model
of aerospace computer used in military aircraft for navigation, radar, and weapons. The AP-101 was part of a series
based on the design of the IBM System/360 mainframe. It was much smaller than the room-sized mainframes used
in science and business. The first-generation AP-101 consisted of two chassis: one contained the processor and
memory, the other contained the input / output circuits to read information from sensors and control the shuttle’s
flight. The pair was called the DPS, or Data Processing System.
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There was a great concern that if the computer failed or there was an incorrect calculation, there would be a loss
of control leading to a crash. The radiation passing through the shuttle is higher on orbit than on the ground. A
cosmic ray could corrupt the memory or cause an error. The solution was to use multiple redundant computers
that would each perform the same calculations. A total of five computers were installed in each shuttle. They would
then “vote” on the correct answer and ignore the error. This is called fail-safe. A single failure won't put the shuttle
at risk. The first shuttle flight to orbit was in 1981. As an added precaution, the first few missions carried a sixth
computer that was not plugged in. Astronauts could swap it for a failed computer. The set of five computers worked
so well that they discontinued carrying a spare.
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From 1991 to 1993 NASA upgraded each of the shuttles to a second-generation computer model called the AP-
101S. The memory circuit boards were much smaller, allowing the entire DPS to fit in a single chassis. The earlier
computer uses a memory technology called core memory. The binary 1 and 0 bits are stored by magnetizing a
tiny donut shaped piece of iron. The core stores the bit like the polarity of a magnet. Many of these boards of core
were required to have enough memory for the shuttle software. The upgrade to semiconductor memory chips in
the 1990s allowed a much smaller design. These computers remained in use until the space shuttles were retired
in 2011.
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In 2013, one of the AP-101S computers was donated to Ladd Observatory. It was manufactured in 1991. This par-
ticular computer was only used in the space shuttle flight simulator on the ground. Sadly, we don’t have a space
shuttle to plug the computer into.
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RECOLLECTIONS OF
MARS OBSERIATIONS

AT LADD OBSERATORY 1y ob Horton

A :\:‘_‘-1..- -r"-.-'_.
g i) |
- F /| : j Mars image by Scott MacNeill
/ I/ ¢t 4 |I Taken with Ladd's 124inch telasli::pe
s e — Sy g

Today, consumer grade, affordable imaging cameras are readily available, allowing one to capture images of the
planets with an amazing amount of detail. But this was not the case 25 years ago. Before the age of digital pho-
tography, we were often thrilled to record any amount of detail on Mars using film cameras, and those images
only hinted at the amount of detail that could be seen visually.

First of all, let’s consider just how large Mars appears in a telescope, by comparing it to the Moon.
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The full Moon passed in front of Mars recently on the night of January 13th, 2025. Mars was within days of its
opposition date, and appeared very close to its maximum, apparent size of 15 arcseconds. Even so, when you
look at these images, you will understand the challenges of making detailed observations of the Martian sur-
face. Even at high magnifications, Mars is quite small! Whenever observing the red planet, one needs to use a
telescope with well-made optics, and seeing conditions caused by looking through our atmosphere needs to be
steady. Any atmospheric disturbance will blur the view of any object being observed, no matter how well- made a
telescope is.

Seeing conditions on the night of the occultation were good. I used a small, Celestron 5- inch Schmidt Casseg-
rain telescope, equipped with a 2.5x Barlow, and imaging with a ZWO color video camera. This was the equiva-
lent of observations at about 200x. Each image presented here started off as a video file of 100 separate images,
of which I stacked the 50 best images of each file to produce the final image. Dark albedo markings on Mars,
along with the polar ice cap, can clearly be seen.
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Earth and Mars have close approaches, also known as oppositions, in that Mars, Earth, and the Sun all line up -
and from our viewpoint, Mars is opposite in the sky from the Sun. Oppositions happen about every 26 months,
and because the Earth and Mars have elliptical orbits, no two oppositions are the same. The best oppositions
happen when Mars reaches its closest point to the Sun, while coinciding with its closest approach to Earth. These
are known as perihelic oppositions, and they occur
every 15 to 17 years, when Mars is about 35 million
miles away from us. During less favorable opposi-
tions, Mars can be as much as 63 million miles distant.
And, at other times, outside of oppositions, Mars can
be a whopping 250 million miles away from us! So, Earth arbit
getting a good view of Mars is pretty much limited to
a few months centered around an opposition date.

Viewing through a telescope, if one is patient, and
takes the necessary time to make careful observa-
tions, a drawing can be rendered showing an amazing
amount of surface detail. Features such as the lighter
colors of the southern highlands, and the dark colors
of the northern lowlands are easily observed, along
with the seasonal changes of the polar ice caps - grow-
ing and shrinking in size - and occasional dust storms
that temporarily obscure views of the planet’s surface. Mars oppaosition Oct 13,
The Hellas Basin, just south of Syrtis Major, frequently
exhibits bright white frost, and is sometimes confused
as a polar ice cap. Every night, and even from one
hour to next, as the planet rotates, a different view of
Mars presents itself. It is a lot of fun observing these
changes.

(An example of the elliptical orbits of Earth and
Mars. Credit Wikipedia.)

I first started observing Mars at Ladd Observatory in the 1980s, but it wasn’t until the late 1990s that I decided
to make a more concerted effort to make drawings of my observations. It was a fellow astronomer, and a good
friend of mine, Allen Hall, that inspired me with his own early observations and drawings. Prior to that, I was
satisfied with a fairly quick view in the eyepiece, noting any dark markings and if I could see an ice cap, but with-
out any real effort to identify what surface features I was seeing.

The optics of Ladd’s 12-inch refractor were made by renowned optician John Brashear, and under favorable see-
ing conditions, this telescope delivers sharp, high contrast views at magnifications as high as 600x or more. How-
ever, even on clear nights, seeing conditions can be turbulent, making high power observations impossible. So,
no matter how good the optics are on a telescope, you have to peer through miles of our own atmosphere, and

if the air is turbulent, it will be magnified by the telescope, blurring the image. For our location, here in Provi-
dence, the nights with the best seeing often happen during the summer, and although the sky might appear hazy
at times in the summer, the air itself can be quite still. The air then tends to be more laminar, flowing in from the
coast. It is under these conditions that I have enjoyed the best views of the planets.

I kept an observation log book, and made drawings using pencil, charcoal, and sometimes colored pencils or
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pastels to record the color I was seeing. Now keep in mind, seeing this amount of detail takes effort, patience and
time. When looking into the eyepiece, you must wait for the moments of good seeing conditions, which might
only last a few seconds, followed by a minute or more of blurring, and then another brief moment of sharp view-
ing. Each time, I would concentrate on a particular region of the planet, memorizing to the best of my ability of
what I was observing, and then adding that amount of detail to my drawing. Bit by bit, over the course of these
observations, sometimes lasting up to half an hour or so, a detailed view of Mars revealed itself. And the time I
took doing this trained my eye to recognize a greater amount of fine detail that might otherwise go unnoticed at
first glance.

Here I am sharing just a few of my drawings, none of which I am claiming exhibit any great artistic skill. These
are simply records of my personal observations that I might otherwise have forgotten had I not taken the time to
record them, and the time taken to make these drawings definitely improved my observation skills.

One of my first drawings was done

on the night of May 17, 1999, when
Mars was 16 arcseconds in diameter.
Seeing conditions were noted as ex-
cellent that night, a 9 out of 10, and
observations were carried out at 360x.
In this drawing, the view, as it often is
in most telescopes, is upside down. The
small, northern ice cap is seen to the
lower right, while what appears to be
another, larger ice cap to the upper left
is actually an icy fog of CO2 within the
Hellas Planitia, a low-lying basin in the
southern part of Mars. The dark re-
gion, extending downward from Hellas
Planitia, is Syrtis Major, which is one of
the most recognizable regions on Mars.
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The next set of drawings was done
during the June, 2001 opposition,
which brought Mars a bit closer to
Earth compared to 1999, with its appar-
ent size increasing to 19 arcseconds in
diameter. Again, the view is recorded
upside down, with the northern part

of Mars at the bottom. In my drawing
done on June 1st, 2001, the northern ice
cap was easily seen, and recorded here
with a dark albedo feature, much like
an eyebrow, just above it. Meridiani
was also very prominently seen, along
with a larger albedo feature, Xanthe
Terra, and a hint of what might have been Valles Marineris projecting off to the right. All along the limb of Mars,
it had a bright, white, misty appearance, which seemed to gradually disappear as that limb rotated into view. We
surmised that we were observing the sublimation of icy fog, due to sunrise and sudden warming temperatures in
that part of Mars.




During the early morning hours of June 5, 2001, see-
ing conditions were not as good, obscuring perhaps
the finer details, but the more prominent features
were quite visible. Syrtis Major had come into view,
with Meridiani and Xanthe Terra off to the right. The
northern ice cap was easily seen. Observations had
changed on June 8th, and now the polar ice cap was
difficult to discern. The entire northern region was
bright, suggesting a northern polar hood of clouds
obscuring the surface views.




2003 - MARS AT TS FINEST

The Mars opposition of 2003 was
exceptional, with closest approach

to Mars happening in August of that
year, and its apparent size maxing

out at 25 arcseconds. We were also
fortunate to have many clear nights
with good seeing. Public interest in
observing Mars was heightened by
news reports of this opposition being
superior to all others in 60,000 years!
But, truth be told, Mars was just a few
insignificant miles closer compared to
other perihelic oppositions over the
course of 60,000 years, but that detail
was not mentioned by the media,

and on one memorable open night

at Ladd Observatory, well over 1,000
people waited hours in line for their
turn to have a glimpse of Mars with
our 12” telescope.

I made my first drawings on July
20th, while Mars was still in its
gibbous phase, and already 20 arcsec-
onds in diameter. The view remind-
ed me of the drawings produced by
Percival Lowell a century ago. Fine,
wispy lines criss-crossed the surface,
connecting to several dark, oval and
round patches. These sorts of fea-
tures were probably what Lowell had
mistakenly surmised being Martian
“canals” The southern ice cap, seen at
the top in this inverted view, appeared
huge, and over the course of the next
month, we were able to see it dramat-
ically shrink in size.

About a week later, on July 26th, the
ice cap was showing signs of chang-
ing. An indentation had appeared,
and a dark zone surrounding the cap
was prominent. The northern hemi-
sphere of Mars was noted to be bright
orange, and showing little detail —
evidence of a dust storm developing.
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On August 14th, I made my observations from home, using an 8” reflecting telescope. The ice cap was much
smaller now, and more of the northern hemisphere was enveloped in a dust storm - that part of Mars appeared
very bright, and no discernable detail was observed.

I returned to Ladd Observatory with friends for observations made just after midnight on August 20th. A dark
albedo feature, Solis Lacus, also known as “The Eye of Mars”, was staring right back at us!

I did a color rendition of Mars on August 28th,
again using an 8” reflecting telescope at home,
with magnifications running from 175x to 437x.
Mars was now at its maximum size of 25 arcsec-
onds, and seeing conditions were very good. The
ice cap was noted to be very bright, yet smaller
compared to my earlier, recent observations. I
believe I observed Valles Marineris as two faint
lines branching off Xanthe Terra.
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AN OBSERVING CHALLENGE: VIEW/ING
THE TINY MARTIAN MOONS

The historical background:

The Martians Moons, Phobos and Deimos, were discovered by the American astronomer Asaph Hall in 1877.
In 1863, Hall was appointed professor of mathematics at the U.S. Naval Observatory in Washington, D.C., then
located in the neighborhood of Foggy Bottom. During this time of the Civil War, the observatory was equipped
with a 9.6-inch refracting telescope. President Lincoln visited on a couple of occasions, enjoying views of the
Moon and other objects, and talking about astronomy with Professor Hall.

A decade later, Hall was now in charge of the newly installed 26-inch refracting telescope, and it was with this
instrument that Hall discovered the tiny Martian moons. Mars had a very favorable opposition in August, 1877,
with the distance to Mars from Earth being only 35 million miles. Hall searched for faint objects within the
bright glare of Mars, by placing the planet just outside the field of view, and examining the area for any faint ob-
jects. The outer moon, Deimos, was discovered on August 11th. About a week later, on the 17th, while Hall was
looking for Deimos once again, he happened upon the second, and larger moon, Phobos, seen within the bright-
er glare, orbiting closer to Mars.

Observations at Ladd Observatory:

The Director of Ladd Observatory, David Targan, Francine Jackson, and I searched for the Martian moons using
the observatory’s 12-inch refracting telescope, just after midnight on August 20, 2003. This was once again a very
favorable, close opposition, when Mars was about 35 million miles away from Earth, producing an apparent size
of 25 arcseconds in diameter. None of us had ever viewed the Martian moons before, but knew that this favorable



opposition presented a good opportunity for this observing challenge. The Martian moons were discovered using
a 26-inch telescope, and we wondered if we could see them with our smaller telescope. The weather conditions
that night were noted to be hazy, with the Moon just rising in the east at the time of our observations.

The challenge of seeing the faint moons is their proximity to the bright glare of Mars itself. In order to improve
our chances of locating the moons, I fashioned a semi-circular, dark blue gelatin filter, and attached it to the
field stop of a 26mm Plossl eyepiece, and also used a 2.5x Barlow lens, producing 440x magnification. Mars

was positioned behind the filtered part of the eyepiece view to dim the glare of the bright planet, and only then,
by carefully searching in the unfiltered portion of the view, we eventually spotted the smaller, dimmer moon,
Deimos, which was just a little more than 3 Mars diameters away from the planet, appearing like a faint star. We
tried looking for the larger moon, Phobos, which was closer to Mars, but we could not see it. I also noted that we
could only see Deimos during moments of steady seeing: otherwise, whenever seeing conditions became un-
steady, the little moon was not visible. Deimos at the time was at magnitude +11.47. Phobos was at +10.38, and
although brighter, it was much closer to the glare of Mars, which is probably the reason why we could not see it.
So, although we could not spot Phobos, we were quite pleased that we were able to observe the outermost moon,
Deimos.

During the recent opposition of Mars, which occurred on January 16th, Mars was about 60 million miles from
Earth, and its apparent peak size was only 15 arcseconds. Due to the greater distance from us, Deimos is mag-
nitude +13, and gradually getting dimmer since the opposition date. I think a visual observation of the Martian
moons might be impossible during this opposition, but it should be possible to find the moons using a planetary
imaging camera and using longer exposures. I sent out a challenge to our astronomy students to see if they might
be able to observe or image the Martian moons, and I will report back in the next issue of Clear Skies if anyone is
successful. However, my guess is that we might need to wait until the next favorable opposition, which occurs in
September 2035.
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March Sky Chart
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THE TIMING OF TROUVELOT'S
OBSERVATIONS OF JUPITER

The Planet Jupiter: Observed November 1, 1880, at 9h. 30m. PM. Credit: Etienne Léopold Trouvelot.

At Ladd Observatory we have a series of chromolithographs by the artist Etienne Léopold Trouvelot. A
chromolithograph is a multi-colored print that was created from metal plates with an image of the original
artwork engraved on them. The individual plates would then each have different colored inks applied. The

inked plates were then pressed onto the same piece of paper, one after another. This forms a full color image.
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The artist observed the planet Jupiter through a telescope at Harvard College Observatory, while sketch-
ing the details that he saw. He then returned to his studio to engrave his impression of the planet in metal
plates. A printing company then reproduced them. Trouvelot’s artwork was published by the Charles
Scribner’s Sons company of New York in 1881. The first detailed photographs of planets did not occur

until about 5 years after Trouvelot’s prints were published.

His Planet Jupiter print shows the planet with two moons in front of it. The disks of the moons, illumi-
nated by the Sun, are depicted as white circles. The moons cast shadows onto the clouds of the planet. The
shadows are the black circles to the right of each moon. The shadows are the locations on the clouds where
a solar eclipse is occurring. One of the shadows is on an oval shaped storm called the Great Red Spot. To

the human eye it appears salmon colored.

The moon at lower left is called Io. To the upper right is Europa. The other two moons, also discovered
by Galileo, are named Ganymede and Callisto. The latter two moons are not shown in the print because
they would have been far to the right of Jupiter, outside the field of view. The image in the print is rotated
slightly compared to a modern diagram. The artist chose to render the planet with the moons at the left
edge, instead of somewhat to the upper left. He depicted the equator of the planet as slightly tilted, down
to the left.

Jupiter and Galilean Moons
November 1, 1880 at 9:20 PM Eastern Time
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The position of Jupiter’s four largest moons at the time of the 1880 observations.

The caption on the print states that he observed Jupiter and the moons on November 1st, 1880 at 9:30 PM.
I've been looking at this print for many years, but only recently decided to identify which moons are de-
picted in the print after a visitor to Ladd asked me the question. The available apps that show the positions
of the moons only calculate where they were after 1900, before Trouvelot’s observations. When I calculat-

ed the positions using a NASA website for the date and time in the caption, it didn’t quite match the po-
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sitions shown in the print. The time that did match the positions in the print was 9:20 PM. Io would have
moved off the disk of the planet at about 9:27 PM. (These are the times that the images of the moons arrive
at Earth. It takes about a half hour for the reflected light to travel from the planet to an Earthly observer.)

Jupiter and Galilean Moons
1 Movember 1880
e | |Eastom Time
2 00 prm
® 0:30 prm
s & 10:00 pm
a0+
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|:| L
10+
.2‘:' -
Transit ower ak:
527 PM io
il | .38 PM Ewropa
30 Sl ] =[] i 10 20 30

The position of the two moons at half-hour intervals. (The four solid red dots were used for alignment.)

The moons of Jupiter are orbiting the planet. They move significantly in a relatively short period of
time. After Trouvelot’s observations the two moons would have moved to the upper left. For example,
first the moon Io would have appeared off the left of the edge of the planet. Its shadow would still have
still been on the disk of Jupiter. Later, the shadow would also have moved off the disk. The light from the
Sun would have originated somewhat to the back left of the observer, causing the shadows to appear to
the right of each moon. The exact position of the moons, relative to the planet, can be used as a “virtual

clock” to verify the exact time the observations were made.

I found it curious that the time in the caption was ten minutes later than when Io was at the
position shown. It should have been slightly off the edge of the disk of the planet at the time described. It
is unlikely that the clock was set incorrectly at an observatory that provided a precision time keeping
service. The timepieces at Harvard were among the most accurate in the world. The astronomers

would have proof-read the caption to ensure that the time was close to their calibrated clocks.
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It then occurred to me that the NASA calculations are based on our modern definition of time. The time
zones that we are familiar with today were standardized in 1883. Before this date each city would have set
their clocks to a slightly different time. This is because the Sun reaches noon in an eastern city like Boston
first. About one minute later it is then noon in Providence, slightly to the west of Harvard. This is called

local mean solar time. It is similar to what a sundial would show.

The differences in clock time caused confusion for travelers who took a train from one city to another.
They would have to adjust their pocket watches to the time standard in the city they were visiting. It also
caused great difficulties in safely operating the trains, sometimes leading to train crashes. The solution
was to create standard time zones. All cities on the east coast were then set to the time that a place 75 de-
grees of longitude west of the Royal Observatory at Greenwich in England would have used. A place near
Philadelphia, for example.

A railway map showing the adoption of time zones in 1883. Credit: Popular Science Monthly, 1884 - 1885.

Just three years after Trouvelot made these observations the clocks at the observatory would have been set
to a time zone that was earlier than Harvard standard time. A time zone that is close to the one that we
use today. — Michael L. Umbricht

(The diagrams in this article were created by the author. The data used to plot the positions of the moons is courtesy of the
NASA Fet Propulsion Laboratory Solar System Dynamics group at the California Institute of Technology.)
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I n B rief Winter 2025

a new section for short essays, news items, and more

Our Short-Term Neighbor by Francine Jackson

We all know that our Earth has one Moon, right? Well, every so often, a “hitchhiker” comes along for a while,
often a very small asteroid that stays with us for at least a couple months.

This latest mini moon, known as 2024PT5, left us in late November, as the Sun’s gravity sent it away from us;
however, it did return for a very fast close-up in January. Only about 33 feet long, it’s too small to be seen without
a professional telescope, and although not technically considered a moon - as it wasn’t exactly captured by our
planet’s gravity and fully in orbit - it still was an interesting object to study.

First observed by astrophysicists at the Complutense University of Madrid in August, it began its short trek
around Earth in late September. It then took a kind of horseshoe-shaped path, before leaving us.

Although it is listed as an asteroid, some scientists believe it could have been a boulder that was blasted off our
Moon by another asteroid, which could have resulted in a new crater.

Its January pass was about 1.1 million miles from Earth, and was moving much too fast to return. It then re-
sumed its trip around the Sun, but should return near Earth in 2055. When it does, it could once again become a
temporary visitor, making a partial lap around us.

In the meantime, NASA is tracking this little visitor by the Goldstone solar system radar antenna in California’s
Mojave Desert, a part of the Deep Space Network.

Mars Occultation by Jim Hendrickson

40



Space Summary, 2024 by fFrancine Jackson

There has been talk that our space program isn't working very well, that there’s almost a hiatus in our looking
outward; however, 2024 was a year of quite significant progress, according to both the Providence Journal article
of January 1, 2025, and USA Today in January 3, 2025.

America returned to the Moon February 22, with Intuitive Machine’s 14-foot Nova-C lander, which set down
farther south than any previous lunar lander. It continued working for a week, collecting both data and images
that were sent back to us. Not only was this the first commercial company to reach the Moon’s surface, but the
information received is valuable for the future Artemis program.

Of course, not everything worked perfectly, as noted by Boeing’s Starliner craft, that brought two astronauts to
the International Space Station in early June, but unfortunately developed problems that would force the astro-
nauts to remain in the ISS. At this writing, they are still there, waiting for a SpaceX Dragon to bring them home,
hopefully within just a couple months. The Starliner itself did return to Earth, but uncrewed, as there was fear
that something could happen, and the astronauts would be in danger.

SpaceX did an amazing number of tests this year, especially with its large Starship rocket. All test flights worked
well, the most impressive being the October 13th rocket booster’s reaching its landing pad and being captured by
two huge mechanical arms.

On September 10th, four astronauts entered a SpaceX Dragon capsule on a Falcon 9 rocket for what would be
Polaris Dawn, a five-day trip, funded by billionaire Jared Isaacman. An important part of this was that for the
first time the astronauts that performed spacewalks during this time weren’t government employees.

On October 14, Europa Clipper left Earth for an almost two billion mile trip to Jupiter’s watery satellite. Once

it arrives at our largest planet in April 2030, it will begin mapping and scanning Europa above and below the
surface for four years. Although many science fiction writers always hope there is life there, Europa Clipper will
only concentrate on conditions that could support it.

Voyager 1, the first of two that traveled through the outer solar system, was launched in 1977. Incredible as

it may seem, this past April, when it seemed the craft had finally been lost, engineers were able to reestablish
communication with it by moving some code away from a broken memory chip. We must remember, that as of
December, 2024, Voyager 1 is now 15.5 billion miles from us, the most distant machine ever made.

On Mars, the Perseverance rover reached the top of Jezero Crater on December 10th. It climbed 1,640 vertical
feet, and, at times, had to endure 20-degree slopes. It is now at what NASA is calling “Lookout Hill”

And, although it was launched in August of 2018, the Parker Solar Probe just traveled its closest to our Sun in
late December, reaching less than 4 million miles from it, in an attempt to have solar scientists better determine
parts of the Earth/Sun system that directly affect our life and society.

What is in store for space missions in 20252 In addition to returning our two astronauts, Suni Williams and
Butch Wilmore, home, there is so much more that will happen. Let us keep our space missions alive, as we look
forward to the Moon, and beyond.



A Sunset Comet
by Bob Horton

Comet ATLAS C/2024 G3 just passed
by the Sun in early January, and could
be seen with some difficulty close to the
horizon on January 15, 2025, about 20
minutes after sunset. I used the 4 inch
telescope in the rooftop observatory.




ISS Photo
by Bob
Horton

Wednesday, January
29th. I took this

photo from the Foster
Country Club, in
Foster, RI. . That bright
streak of light is the
International Space
Station (ISS) passing
to the left of brilliant
Jupiter and downward
towards Orion. The
exposure was 18
seconds long, so that’s
the distance the ISS
moved during the time
exposure.

43



Venus and
Moon by
Bob Horton

(1) The crescent Moon and
Venus paired up in the sky
on Saturday, February 1st.
Photo taken by Bob Hor-
ton using a Takahashi FS60
telescope.

(2) Venus is the brilliant
evening “star” seen in the
west, during the early
evening hours. As viewed
in any telescope, it appears
to go through phases like
our Moon. It is currently a
half phase, but watch it in
the weeks ahead, and you
will see it become a thinner
crescent.

18 second exposure with
thin clouds drifting by.

A satellite can be seen in
the upper right part of the
frame.




Planet
Images by
Mahmoud
Hallak

(1) Mars-colored images,
Taken through the Ladd ob-
servatory Refractor, before
and after opposition.

(2) Mars B&W taken
through the B&H 16 tele-
scope.

(3) Jupiter Image, taken
through the Ladd observato-
ry Refractor. About 15min-
utes of data de-rotated.
Some 400k images captured.

(4) Last photo, Venus setting
on the Providence skyline.
The streak is how much
Venus moves in 1 hour.




Tiangong
Space
Station by
Bob Horton

I took the attached imag-

es with a Nikon Df camera
attached to the 16” telescope
at Brown University. With the
telescope tracking Jupiter, I
waited for the space station to
close in on Jupiter, and then
took about 20 rapid fire expo-
sures, 1/4000 second each, and
out of all of the frames shot,
the space station appeared in
only two frames. Not surpris-
ing, in that it was moving at
17,500 mph, and was probably
only in the telescope’s view for
maybe a 1/1000 of a second.

Mars Occultation by Scott MacNeill

Scott MacNeill captured the start and end of the recent Mars occultation with an 11” SCT.
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