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FROM THE EDITOR

ew chapters

Follow Mark on
Facebook:
facebook.com/
mark.zastrow

X:
@markzastrow

Instagram:
@markzastrow

To take on the role of editor-in-chief of
Astronomy is a tremendously humbling honor.
Like many of you, I grew up looking through an
eyepiece and devouring anything written about the cos-
mos that I could get my hands on, including this magazine.
I'mlooking forward to working with our talented team to
carry on the title’s legacy and bring you the best magazine
we can. We also plan to find new ways to serve and grow
our community of observers, imagers, and all those fasci-
nated by the universe and our place in it.

I am thrilled that Dave Eicher is staying on as editor
emeritus. It’s been a privilege to work with and learn from
him over the past five years. After the magazine’s founder,
Steve Walther, nobody has done more for Astronomy than
Dave. His voice will continue to appear in these pages for years
to come.

I’d also like to welcome Staff Writer Brooks Mendenhall to the
team. Brooks is a writer and editor based in Chattanooga, Tennessee.
You've already read his news stories on Astronomy.com and in these
pages. Now you’ll be seeing his byline regularly on features, too.

We didn’t plan this issue with a theme, but we could call it “The
Asteroid Tracking Issue.” In our cover story, Randall Hyman takes
you behind the scenes of planetary defense — the researchers and
telescope operators who find and track potentially dangerous aster-
oids. Then, on page 36, Glenn Chaple shows you how to observe these
relics of the solar system through your own eyepiece.

In this issue you’ll find Brooks’ first feature for us, covering an
innovative mission concept for deploying Ingenuity-like drones on
Mars. It offers a glimpse into a possible future for space exploration,
not only in its technology but also how it might be funded (or not).

And on page 24, Contributing Editor Rich Talcott has penned a
remembrance of Jim Lovell. As a kid, I wore out my VHS tape of
Apollo 13 and my paperback copy of Lovell’s memoir. In the coming
years, astronauts from all over the world will set foot on the Moon.
The heroics of Lovell and his crew are a reminder of their bravery
— and what it means to have a home planet to return to.

Although these are uncertain times, one thing we can count on is
that there will always be something new to discover whenever we
look up. I can’t wait to share that journey with you, our readers.

fot G

Mark Zastrow

WILLIAM ZUBACK

FOLLOW ASTRONOMY

facebook.com/AstronomyMagazine
twitter.com/AstronomyMag
youtube.com/user/AstronomyMagazine
instagram.com/astronomy.magazine
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ASTRO LETTERS

Around 460 million
years ago or so, Earth
may have sported a
ring — debris from
which eventually pelted
our planet'’s surface.
ASTRONOMY: ROEN KELLY

We welcome

your comments
via email to
astronomyeditorial@
astronomy.com.
Please include your
name, city, state, and
country. Letters may
be edited for space
and clarity.

How fast is fast?

On page 9 of the August issue, “A Local
‘Dark Galaxy’” speaks of a galaxy
that’s part of a high-velocity cloud, and
indicates those clumps of hydrogen are
moving several hundred mph faster
than gas in the Milky Way’s plane.
Several hundred mph faster doesn’t
seem to qualify as high-speed when
referring to motion in the galaxy.
Should that have been several hundred miles per second
faster? —John A. Ferko, Fort Belvoir, VA

Senior Editor Alison Klesman responds: According to
the Science Advances study referenced in the story, “High-
velocity clouds (HVCs) are defined by their line-of-sight
velocities exceeding 90 kilometers per second relative to the
local standard of rest (LSR).”

Line-of-sight velocity is the cloud’s speed directly
toward or away from us, not including any “sideways”
motion on the sky. The LSR is a frame of reference that
follows the general motion of the galaxy in the vicinity of
the Sun. The Sun orbits the galactic center at about 230
kilometers per second (143 miles per second).

A speed of 90 kilometers per second is about 56 miles
per second, or a little over 200,000 mph. So yes, we did
understate the speed of HVCs in miles per hour. But note
that they do not need to be moving several hundred miles
per second faster than their surroundings to be considered
HVCs — only 56 miles per second or so.

Ring theory

I've been a reader of Astronomy for many years. I really
enjoy getting my issue each month. Your recent article
“Did Earth once have a ring?” (August 2025) made me
think of another possibility. If the Moon formed, as theo-
rized, by the impact of a Mars-sized object, it seems not
beyond reason that material in orbit while the Moon was
coalescing would have formed a ring around our planet.
—Tim Holmes

Erratum

The item “Round and round” on page 9 of our August
2025 issue misstated the timescale for a new cosmological
hypothesis. In it, the universe may be rotating once every
half-trillion years, not every half-billion.

L guas SN

ASTRONOMY'S
DEEP SPACE MYSTERIES
2026 CALENDAR

Shop Now at TheSpaceStore.com/CAL26
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=> The world’s best-selling astronomy
magazine brings you an exclusive calendar
filled with stunning images, detailed observing
opportunities, as well as major astronomical
events. Each month details planet visibility,
meteor showers, conjunctions, and much more!

g thespacestore
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SNAPSHOT

A BRIDGE
OF STARS

The deepest
image ever taken
of Abell 3667
illuminates the
cluster’s history.

This galaxy-studded view
represents the deepest image
ever of Abell 3667, a rich cluster
of galaxies some 700 million
light-years away. The composite
image comprises 28 total hours
of observations taken over the
course of about a decade with
the 570-megapixel Dark Energy
Camera on the Victor M. Blanco
4-meter Telescope in Chile.

Just left of center is a glow-
ing bridge of yellow starlight
connecting Abell 3667’s two
brightest galaxies, each of
which represents the center of
a smaller galaxy cluster. These
two clusters are coming together
to create one larger cluster. The
so-called intracluster light is
generated by stars stripped from
the smaller of these two bright
galaxies by its larger counterpart
as they merge. Spanning about
a million light-years, it is the
largest such structure ever seen
in the local universe.

Also visible are wispy blue
“clouds” that look like drifting
smoke. Sometimes called galac-
tic cirrus, these are foreground
clouds of dust in our own Milky
Way that are lit by the soft glow
of the many stars in our galaxy
combined. —ALISON KLESMAN

DUST BUSTER
Astronomers imaging
the young Sun-like
star WISPIT 2 spotted

a 5-Jupiter-mass gas
giant carving a clear
path in the disk of dust
and gas around its sun.
It's only the second
planet seen at such an
early age around a star
like our own.

TEST SHOT

On July 20, NASA's
Psyche imaged Earth
and the Moon from a
distance of 180 million
miles (290 million km).
These engineering
shots indicate how the
cameras respond to
reflected sunlight, which
is how they will study
the asteroid Psyche
upon arrival in 2029.

NEW MOON

In February, IWST
discovered a new
moon orbiting Uranus,
designated 5/2025 U,
Just 6 miles (10 km)
across, it is smaller and
fainter than any of the
planet's other moons —
and was impossible for
Voyager 2 to spot.

WWW.ASTRONOMY.COM 7




ASTRONEWS

)) Astronomers using the James
Webb Space Telescope (JWST)
have imaged a potential gas giant
planet orbiting Alpha (a) Centauri A,
a Sun-like star in the closest stellar
system to our own. The discovery was
published Aug. 11 in two papers in The
Astrophysical Journal Letters.

The Alpha Centauri system consists
of Alpha Centauri A and B, two
Sun-like stars that form a tight binary
pair, along with the more distant and
fainter red dwarf Proxima Centauri,
which orbits them both. They are about
4.3 light-years from Earth.

While Proxima Centauri is known
to host at least two planets, Alpha
Centauri A and B have proven far more
elusive targets for planet hunters. The
main obstacle is their intense, overlap-
ping glare. Even when the light from
one star is physically masked using an
instrument called a coronagraph, the

ASTRONOMY = DECEMBER 2025

JWST DISCOVERS POSSIBLE PLANET
AROUND ALPHA CENTAURI A

The Sun’s closest neighbors have proved difhicult for planet hunters,
but the infrared scope may have uncovered a Saturn-mass world.

brilliance of the other obscures the faint
reflected light of any planets.

The team used the coronagraph
within JWST’s Mid-Infrared
Instrument (MIRI) to make the
“incredibly challenging” observations
in August 2024, said Charles Beichman
of NASA’s Jet Propulsion Laboratory,
one study’s first author, in a press
release. “Because these stars are bright,
close, and move across the sky quickly,”
he explained, the telescope’s operators
“had to come up with a custom observ-
ing sequence just for this target, and
their extra effort paid off spectacularly.”

To deal with the glare that had
stymied previous efforts, the team
modeled how light from Alpha Centauri
A and B scatters around the mask and
within the telescope’s optics. By sub-
tracting this model from the original
image, they revealed a faint dot of light
that might be a planet, now called SI.

POSSIBLE PLANET. The Saturn-mass gas giant
planet potentially orbiting Alpha Centauri A
appears in the foreground of this artist's
concept. Its star, Alpha Centauri A, is at upper
left, while Alpha Centauri B is shown at upper
right. nasa, Esa, CsA, STSCI, ROBERT HURT (CALTECH/IPAC)

DISAPPEARING PLANET
The story took a mysterious turn when
follow-up observations in February and
April 2025 failed to spot the object. “We
are faced with the case of a disappear-
ing planet!” said Aniket Sanghi, a Ph.D.
student at Caltech and first author of
the other paper. To determine why, the
team simulated millions of possible
orbits to determine the planet’s posi-
tion around the star at different times.
The models revealed that 52 percent
of stable orbits were consistent with a
planetary position in early 2025 that
rendered it invisible to the telescope,
potentially explaining why it wasn’t
seen.

The team emphasized in their




conclusions that
with only a single
sighting, S1 cannot

yet be “unambiguously
confirmed as a bona fide
planet.” Nonetheless, based
on the initial observations
and orbital models, a picture of the
potential new world has started to

form. It is likely a gas giant with a mass
similar to Saturn, on an elliptical orbit

around Alpha Centauri A that varies
between one and two times the dis-

tance of Earth from the Sun. Although

it lies within the star’s habitable zone,
where liquid surface water is possible,
as a gas giant it could not support life

CLEARING THE VIEW.

around Alpha Centauri A

onboard coronograph and
subtracting a model of the
extraneous starlight. nasa, esa, csa, aniker

SANGHI (CALTECH), CHARLES BEICHMAN (NEXSCI, NASA/JPL-CALTECH),
DIMITRI MAWET (CALTECH); IMAGE PROCESSING: JOSEPH DEPASQUALE (STSCI)

If confirmed, Sanghi said the dis-
covery “would mark a new milestone
for exoplanet imaging efforts.” He
added, “[The planet’s] very existence
in a system of two closely separated
stars would challenge our understand-
ing of how planets form, survive,
and evolve in chaotic environments.”

JWST obtained this view of the
planet candidate S1 (circled)

(marked by a star) by using an

as we know it.

—BROOKS MENDENHALL

Carbon emissions are
a drag on satellites

RISING CARBON DIOXIDE
(CO,) levels aren't just
affecting climate on
Earth — they could also
change the way our upper
atmosphere responds to
geomagnetic storms. This
change could impact orbit-
ing craft and services like
GPS and satellite internet.
Research published
June 14 in Geophysical
Research Letters modeled
the response of the upper
atmosphere to the same
fierce solar storm in three
future years — 2040, 2061,
and 2084 — as levels of
CO, rose according to cur-
rent high-emissions sce-
narios. The study focused
on the thermosphere,
which extends from about
50 to 440 miles (80 to
700 kilometers) above the
planet. Although increas-
ing CO, near the surface
causes temperatures to
warm, it has a cooling
effect on the thermosphere,
causing this region to con-
tract and leading to lower
density over time.

The team found that as
CO, increases, the thermo-
sphere's density will drop
by 20 to 50 percent by
2084. But they also found
that its response to solar
storms increased. A strong
storm today might double
the thermosphere's den-
sity; in the future a similar
storm could nearly triple its
density, albeit from a lower
starting point.

Any increase in the
thermosphere's density
increases the drag felt
by satellites in low Earth
orbit, putting them at risk
for premature reentry
or collisions caused by
widespread automatic
boosts to stay in orbit.
Larger changes in ther-
mosphere density due
to geomagnetic storms
will create a more volatile
environment where atmo-
spheric drag can change
rapidly and dramatically,
according to lead author
Nicolas Pedatella of
the National Center for
Atmospheric Research in

SOLAR STORM. A huge wave
of plasma, called a coronal
mass ejection, erupts from the
Sun in June 2015. Such events
can trigger geomagnetic
storms on Earth when they
reach our planet. nasasoo

Boulder, Colorado. “For
the satellite industry, this
is an especially important
question because of the
need to design satellites
for specific atmospheric
conditions,” Pedatella said
in a press release.

While these predictions
are a major step forward,
the team notes there
are still complexities to
explore. Regardless, the
study makes one thing
clear: As we continue to
alter the composition of
our atmosphere, we are
also changing its relation-
ship with the Sun. —8.m.

IDENTITY UNKNOWN
Earendel, hailed in 2022 as the most
distant single star ever discovered
(28 billion light-years away), may
actually be a tightly packed star cluster,
according to new modeling
of data taken by JWST.

REACTOR RUSH
In August, NASA declared its intent

to place a nuclear reactor on

the Moon by 2030, aiming to preempt
similar plans from China and

Russia. The agency solicited proposals

from industry for a fission power
system producing at least
100,000 watts of power.

STRIKE THREE

The Earth-sized exoplanet
TRAPPIST-1d, which lies on the edge of
its star's habitable zone, does not have
a thick atmosphere, JWST transmission

spectroscopy has found. That's the

third planet in the system, after b and c,
where JWST has not seen evidence of

a significant atmosphere.

BOUNCING BACK
SpaceX'’s Starship met all major
mission objectives on its 10th test
flight Aug. 26 following three
successive failures and a test stand
explosion earlier this year. After
launching from Texas, the Starship
upper stage splashed down in the
Indian Ocean, collecting valuable
engineering data.

SPACE DEREGULATION
In a bid to jump-start competition
in the U.S. space sector,
President Donald Trump issued an
executive order Aug. 13 directing
federal agencies to relax requirements
for commercial launch and reentry
licenses, including environmental
regulations on spaceports.

EAVESDROPPING ON E.T.

If alien civilizations explore their
solar systems like we do, SETI
researchers should target exoplanet
alignments where their signals to
spacecraft might spill over to us,
researchers suggest after studying
20 years of NASA transmissions.

—MARK ZASTROW, JACK DALEO
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ASTRONEWS

A perfectly spherlcal supernova STAR'S GUTS
remnant LAID BARE BY
Astronomers are puzzling su PERNO"A

over a newfound object
that seems to .defy cosmic We are made of star-stuff, as Carl
chaos: a glowmg, nearly Sagan liked to say. Physics tells us
flawless circular shell of that most of the heavier elements
gas and dust that has . in our bodies and the environment
remarkably preserved its around us were forged within
shape. Miroslav F"'ROV'C_Of massive stars and scattered in their
Western Sydney University explosive deaths.

But astronomers hadn’t directly

spotted the remnant using
the Australian Square Kilometre Array Pathfinder radio telescope and named it Teleios observed this process until
they came across the supernova

— Greek for “perfect.” (Its formal name is SNR G305.4-2.2.) The supernova remnant
SN2021yfj, discovered in September

FILIPOVIC ET AL. HTTPS://DOI.ORG/10.48550/ARXIV.2505.04041

spans between 45 and 150 light-years, lies between 7,000 and 25,000 light-years away,
and displays exceptional symmetry. Its near-perfect shape may be due to its location 2021 by the Zwicky Transient
away from the crowded galactic plane, where fewer obstacles allowed its shock wave to

lactie : Facility in California. Most super-
expand almost untouched in this cleaner environment. — SHARMILA KUTHUNUR

novae show strong signatures of
only hydrogen and helium, which
make up most stars’ outer layers.
But follow-up study by the Keck
Observatory in Hawaii revealed
that SN2021yfj was rich in elements
like silicon, sulfur, and argon — all

ASTRONAUTS MIGHT BE BETTER OFF with robot formed in the star’s deeper layers in
medics — at least when it comes to CPR. the final stages of its life. The work
French researchers simulating weightlessness was published Aug. 20 in Nature.
on zero-gravity jet flights have found that manual That this material was exposed
cardiopulmonary resuscitation (CPR) is not effec- means the star was missing its outer

layers, which astronomers are strug-
gling to explain. The team’s current
thinking is that the star’s extreme
temperatures late in life caused
light to spontaneously convert into
matter, destabilizing the star and
ejecting its outer material in a series

tive in space, which could reshape emergency
medical protocols for upcoming missions to the
Moon and Mars.

In weightlessness, simply pushing on a patient’s
chest would send both rescuer and patient floating
apart. So for decades, astronauts have been trained
in a “handstand” technique where rescuers brace

their feet against spacecraft walls. But in tests on of pulsations. Astronomers hfwe
training mannequins aboard parabolic flights, seen supernovae that seem triggered
humans could achieve only 1.36 inches (34.5 mil- by this mechanism before, but none

limeters) of compression depth, well below the as revealing as this one. —uz.

suggested 1.97 to 2.36 inches (50 to 60 mm).

On the other hand, Automatic Chest
Compression Devices (ACCDs) consistently
achieved the required compression depth. These
machines strap around the patient’s torso and
S , create a self-contained system that generates both

WL GAYE Ptz compression force and counter-force.
Mogensen of the European Space
Agency practices the handstand ACCD:s could also prove useful on the Moon
technique for CPR aboard the and Mars, where reduced gravity means astro-
International Space Station in g o q .
nauts may have insufficient weight for effective

a regularly scheduled training
session. nasa CPR, the French team says. —BM.

POST-MORTEM. The star that exploded
as SN 2021yfj spewed silicon (shown as
gray), sulfur (yellow), and argon (purple)

into space, depicted in this illustration.
W.M. KECK OBSERVATORY/ADAM MAKARENKO
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——= The next leap toward humans on
the Red Planet could be a swarm of
rotorcraft, deployed in midair to chart

the surface. Bv BROOKS MENDENHALL

IN A BOLD NEW PROPOSAL for exploring
Mars, aerospace firm AeroVironment has unveiled
Skyfall, a potential mission concept that would ditch
the traditional lander and rover in favor of a swarm of
six autonomous helicopter drones.
The proposed mission, announced July 24, would
leverage the agility of autonomous rotorcraft like
_ NASA’s Ingenuity, which operated on Mars from 2021
to 2024. If it becomes reality, a Skyfall mission could
reveal prime locations for future human missions and
scientific investigations.

AeroVironment sees Ingenuity-like drones as ideal
reconnaissance scouts, filling a gap between the global
coverage of orbiters and the limited mobility of landers
and rovers. The record for the longest distance covered
by a rover, set by NASA’s Opportunity, is just over the
length of a marathon, notes William Pomerantz,
AeroVironment’s head of space ventures. “It’s sort of
like if somebody came to planet Earth and saw down-
town Chattanooga and said, ‘Well, I guess that’s it. I've
seen the whole planet.””

Drones are the “mobility champion of Mars,” says
Pomerantz, able to survey martian terrain in greater
detail than orbiters and travel faster and farther than
rovers — as well as traverse treacherous terrain that
could prove impossible for a ground-based vehicle.

A radical new landing
The mission’s centerpiece is what its developers
call the “Skyfall maneuver.” For decades, NASA
has relied on complex entry, descent, and landing
(EDL) systems. The multibillion-dollar Curiosity
and Perseverance rovers, for instance, underwent
completely autonomous EDLs with parachutes and
a rocket-powered sky crane that winched the mas-
sive vehicles down on cables — a procedure famously
called the “seven minutes of terror.”

Skyfall offers a simpler solution.
Instead of a single, precious lander, an

An entry vehicle carrying entry capsule would release the six heli-
six helicopters descends copters during its descent through the
through the martian . K

atmosphere in this artist's thin martian atmosphere. The rotorcraft
concept. The proposed would then break away and fly them-
Skyfall mission by I d to th £ der thei
AeroVironment would selves down to the surface under their
deploy the drone swarm own power, eliminating the need for an

in midair, allowing the
craft to fly to the surface
under their own power.
AEROVIRONMENT

expensive and risky landing platform.

NASA used a rocket-
powered sky crane to
lower the Perseverance
rover (illustrated here) to
the martian surface. This

This concept is a direct

evolution of the trailblaz- complex landing system
ing Ingenuity helicopter, gtfnfdﬁ in Con“taSt ':‘? ":‘e

. . . all concept, whic
which hitched a ride to Y b

aims to reduce risk by
Mars’ surface aboard the having its helicopters land

Perseverance rover in 2021 themselves. nasa/pL-caLTECH
and became the first craft
to achieve powered flight
on another planet. AeroVironment collaborated with
NASA’s Jet Propulsion Laboratory (JPL) in Pasadena,
California, to build Ingenuity, which carried out

72 flights as a scout for Perseverance before suffering
mission-ending damage in early 2024.

A fleet of martian scouts
Ingenuity was a scrappy, eleventh-hour addition to
its mission, built quickly and cheaply with a mindset
that encouraged smart risks, says Pomerantz. For
instance, its main flight computer ran off a com-
mercial chip used in smartphones like the Samsung
Galaxy S5. Ingenuity’s success proved there was a
“whole new way to explore Mars,” says Pomerantz.
Skyfall scales that idea up, building an entire mis-
sion around a fleet of its descendants. Each of the six
Skyfall helicopters would operate independently, creat-
ing a distributed network of explorers. Their primary
mission would be to search for the safest, most
resource-rich landing sites for the first human mis-
sions to Mars. Armed with high-resolution cameras
and ground-penetrating radar, they would be looking
for two criteria, says Pomerantz: a surface flat enough
to prevent a large lander from tipping, and easy-to-
access subsurface water ice. The ice would be a critical
resource for both science and generating rocket fuel.
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These objectives also align with
NASA’s science exploration strategy to
“follow the water.” Any location where
water once flowed could harbor evidence
of past life, making these ice deposits
prime targets for future scientific
missions.

The helicopters could also undertake
extended science campaigns, exploring
areas inaccessible to rovers. Pomerantz
notes they could fly up cliff faces or even
descend into “skylights” — openings to
subsurface lava tube caves that are key
science targets as well as potential human
shelters.

The right tool for the job

Of course, these lightweight drones are
not a replacement for a full-scale mobile
science laboratory like Perseverance.
(With a mass of 1.8 kilograms, Ingenuity
weighed just 4 pounds on Earth, or

1.5 pounds in Mars’ weaker gravity.)

To answer geological questions, “you
need a payload of instruments that are
too heavy for helicopters,” says Melissa
Rice, a planetary scientist at Western
Washington University and a science
team member for the Perseverance rov-
er’s Mastcam-Z camera system. Such
instruments also require tools like drills
and brushes to get under the layer of dust
that covers the surface.

To replace scientific rovers entirely,
drones would need to be scaled up to the
size of a car, says Rice. One example of
such an effort is NASA’s nuclear-
powered Dragonfly quadcopter, which
is currently in development to explore
Saturn’s moon Titan. But building a
martian equivalent would be a chal-
lenge: The air at Mars’ surface is less
than 1 percent the thickness of Earth’s,
providing much less lift for aircraft. By

14 ASTRONOMY = DECEMBER 2025

LEFT: An autonomous
helicopter flies over the

martian surface in this
illustration. Each drone in

the proposed six-craft
swarm would be able to
survey terrain faster and
farther than ground-based

contrast, Titan’s atmo-
sphere is 50 percent

thicker than Earth’s, rovers, exploring areas
offering a much more that are otherwise
forgiving ﬂlght inaccessible. aerovironmEenT
environment. RIGHT: Skyfall's six-

Still, Rice sees huge
advantages to rovers and
helicopters working
together on Mars. And
the low payload capacity
of helicopter drones is
less of a concern if they
are scouting for a human
mission, she notes, as
future astronauts could
carry the necessary tools for detailed
science investigations.

A flexible path forward
Skyfall’s biggest obstacles may not be
technical, but budgetary. “It’s hard to
envision how these exciting future pos-
sibilities can become a reality in the cur-
rent budget climate,” says Rice, pointing
to the Trump administration’s proposed
cuts to NASA’s science programs.

Pomerantz acknowledges the funding
uncertainty, saying that “everybody’s
crystal ball is hazy right now,” but he
sees the mission’s adaptable cost struc-
ture as a key strength. He expects the
biggest expenses would be the launch
and cruise stage — items common to
any Mars mission. In contrast, the
Skyfall-specific hardware would be
“quite inexpensive, on the scale of
planetary exploration missions.” For
comparison, the Ingenuity helicopter
mission cost about $85 million, and
Pomerantz says the Skyfall helicopters
should be “substantially less expensive
per helicopter.”

This low per-unit cost makes the

helicopter swarm would
fan out from a central
deployment zone to

explore Mars, as shown in
this illustration. This
distributed approach
would allow the mission
to cover a wide area more
rapidly than a single
vehicle could. asrovironmEnT

mission highly flexible.
Skyfall’s varied capabilities
mean it could be funded

in a variety of ways — as a
traditional NASA-led mis-
sion, a more commercially-
focused contract, or even a
hybrid model. For instance,
NASA’s human exploration
division might fund four
helicopters to scout landing
sites, while its science divi-
sion funds two others to
conduct research in a dif-
ferent region.

If funding is secured,
Pomerantz thinks Skyfall could launch
as soon as 2028. Due to the orbital
mechanics of Earth and Mars, launch
windows only open once every
26 months. “If we start soon-ish,” hitting
the 2028 window is achievable, he says.

Pomerantz’s ultimate goal is to get
Skyfall drones into the hands of the sci-
ence community. He points to the
American Geophysical Union confer-
ence this December as a key opportu-
nity for collaboration, highlighting the
meeting’s special session on aerial explo-
ration of Mars.

While personnel from AeroVironment
and JPL will be present, Pomerantz
stresses that the main objective is to fos-
ter collaboration among the researchers
themselves, believing that “the best con-
cepts will come from the open exchange
of ideas!” He hopes to plant a seed in
their minds, asking them to dream big:
“What if you had your own helicopter on
Mars? What would you want to do?” o

Brooks Mendenbhall is an Astronomy
magazine staff writer based in Chattanooga,
Tennessee.
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EARLY THIS YEAR, a
surprise space rock made headlines
around the globe when the
International Asteroid Warning
Network sounded its highest alarm
since its creation in 2013. Threat
levels for the newly discovered
asteroid, named 2024 YR, were
steadily increasing rather than wan-
ing, and experts estimated that the
superyacht-sized rock had as much
as a 1-in-33 chance of hitting Earth
in just eight years. Its relatively long
four-year orbit meant it would not
be detectable again until 2028 on its
final pass, leaving very little time for
intervention.

Scientists were concerned, but
weeks of additional tracking granted
a reprieve. Further data indicated
that YR, would miss Earth, though
still have a 1-in-25 chance of hitting
the Moon in 2032. Relieved for the
moment, astronomers nonetheless
caution that a major impact by a
large near-Earth asteroid (NEA) is
just a matter of time.

Asteroids have pummeled Earth
for eons — some with planet-
changing consequences — but for
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the first time in human history, we
have the technology to spot these
threats before they arrive. A network
of telescopes and their operators
scan the skies as part of humanity’s
early warning system against haz-
ardous asteroids, an effort known
collectively as planetary defense.
Their goal is to catalog and track
every solar system rock headed our
way that’s large enough to flatten a
city — not to mention end civiliza-
tion as we know it.

Over the past few decades,
astronomers have made slow but
steady progress toward this goal
with dedicated NEA surveys. New
cutting-edge observatories like the
Vera C. Rubin Observatory, which
began operations earlier this year,
are turbocharging these efforts,
finally bringing it within reach.

Asteroid hunters

The modern era of planetary
defense — a term coined by U.S.
Air Force Lieutenant Colonel
Lindley Johnson three decades ago
— had its genesis after humanity
had a ringside seat to a spectacular

Meet the planetary
defenders who are
on the hunt for the
next big asteroid that
could impact Earth.

Eart

The NEO Surveyor mission, depicted

here, is scheduled to launch as early as g—
2027. It is one of several existing and
planned surveys seeking to find

threatening asteroids as early as
possible and give us

time to prepare.
ASTRONOMY: ROEN KELLY







NEA GROUPS

Amors

(named for 1221 Amor)
a>10AU

1017 < g < 1.3 AU

Amors are NEAs that have
orbits approaching Earth's but
lying entirely outside of it. They
orbit between Earth and Mars.

Apollos

(named for 1862 Apollo)
a>10AU

q <1017 AU

These are Earth-crossing
NEAs whose orbits cross
Earth's but spend most of their
time outside it.

Atens

(named for 2062 Aten)
a<10AU

Q> 0.983 AU

NEAs in this group have orbits
that cross Earth's but spend
most of their time inside it.

Atiras

(named for 163693 Atira)
a<10AU

Q<0983 AU

Atiras have orbits entirely
contained within Earth's orbit,

Asteroid orbit

such that our orbits do not cross.

Asteroid orbit

+—Earth’s
orbit

;) Earth

Asteroid orbit

J

Asteroid orbit

9

Not to scale

All NEAs by definition have a perihelion distance, or closest approach
to the Sun, less than 1.3 astronomical units. (One astronomical unit, or
AU, is the average Earth-Sun distance of 93 million miles [150 million
km]). NEAs can be further separated into several groups, defined by
orbital characteristics such as their perihelion distance, aphelion
distance (farthest point from the Sun), and semi-major axis (roughly
the object's average distance from the Sun). Each class of NEA is
named for the first object discovered in a given group. Here, q is the

KELLY, AFTER NASA/JPL-CALTECH

perihelion distance, Q is the aphelion distance, and a is the semi-
major axis. All distances are given in AU. NEAs are not considered
PHAs unless they are both larger than 500 feet (140m) across and
their orbit brings them within 0.05 AU or less of Earth. asraonoumy: roen

demonstration of cosmic vio-
lence. Discovered by legendary
asteroid- and comet-hunting
husband and wife Eugene and
Carolyn Shoemaker, together
with David Levy, Comet
Shoemaker-Levy 9 barreled
into Jupiter in 1994. A few
fragments left atmospheric
scars larger than Earth and
packed punches 600 times

more powerful than our plan-
et’s entire nuclear arsenal.
The event was a wake-up
call for Congress and NASA,
prompting the development
of a comprehensive asteroid-
search program under the
auspices of what is now
called the Planetary Defense
Coordination Office. In 1998,
Congress formalized this effort

18 ASTRONOMY = DECEMBER 2025

JWST imaged 2024 YR, in

late March, making it the
smallest object the
telescope had imaged
to date. The data its
instruments collected
indicate that based on
the amount of heat it
gives off, 2024 ¥R, is
roughly 200 feet (60 m)
ACrOSS. NASA, ESA, CSA, STSCI,
ANDY RIVKIN (APL)

by ordering NASA to launch
an all-out search for asteroids
larger than 0.6 mile (1 kilome-
ter) — the size threshold for
global catastrophe. About 200
were known at the time, or
some 20 percent of that total
population, according to Paul
Chodas, director of the Center
for Near-Earth Object Studies
(CNEOS) at NASA’s Jet
Propulsion Laboratory in
California.

Since then, technology and
tools have steadily improved,
from film to digital detectors
and from a handful of tele-
scopes to an international net-
work. Three full-time surveys
— the Catalina Sky Survey
(CSS) in Arizona; the
Panoramic Survey Telescope
and Rapid Response System
(Pan-STARRS) in Hawaii;
and the robotic Asteroid
Terrestrial-impact Last Alert
System (ATLAS) in Hawaii,
Chile, and South Africa —
now scour the skies year-
round. They will soon be
joined by the vast surveying
capacity of the Vera C. Rubin
Observatory in Chile, and in
2027 by the space-based
infrared NEO Surveyor obser-
vatory. From space, NEO
Surveyor will spot objects
inside Earth’s orbit using

mid-infrared detectors that
don’t require an asteroid to
reflect sunlight to make it
detectable.

Eugene Shoemaker, who
died in 1997, remains a touch-
stone of the community. “Gene
gave me my mantra,” says Greg
Leonard, telescope operator
for the CSS. Leonard repre-
sents a generation of asteroid
hunters directly inspired by
Shoemaker’s work. As a young
college graduate in 1992, he
interned under Shoemaker,
doing two-week stints at
Mount Palomar searching for
Earth-crossing asteroids and
comets. He now spends most
nights atop Mount Bigelow,
northeast of Tucson, Arizona,
searching for moving dots
against thousands of stationary
stars on a computer screen.
“Gene told me that something
is discovered for the first time
only once, so put yourself in a
position to discover,” he says.

That is just what Leonard
did when he joined the CSS
10 years ago with a back-
ground in geology and a love
for astronomy. He discovered
his own comet in 2021,

C/2021 Al (Leonard), which
became known as the
Christmas Comet and was fea-
tured in media worldwide.



International Space Station orbit
+ Geosynchronous satellite

Leonard and seven other
full-time CSS observers use

several telescopes outside

Tucson — two full-time for
searching and up to three for

RATING RISK

ASTRONOMERS RATE
asteroid risk on the 10-point
Torino Impact Hazard Scale,
which uses colored tiers.
White (0) and green (1) indi-
cate effectively no chance of
collision or a chance so
small that it is of no concern.
Yellow (2-4) designates
asteroids with more than a
1 percent chance of collision,
capable of inflicting localized
destruction and warranting
attention if the encounter
will occur within a decade.
Orange (5-7) identifies
objects that pose a serious
threat of regional destruc-
tion, with different levels
warranting attention
depending on the timing of
the encounter (ranging from
10 to 100 years). Red (8-10)
encompasses all definite
collisions capable of causing
destruction within any
amount of time. Level 10, the
highest rank on the scale, is
reserved for extinction-level
threats

Despite all the headlines,
YR, at its worst rated a mere
3 on the Torino Scale. It is
now 0. —R.H.

Apophis \

.

This still from a computer simulation-based animation
shows the path of asteroid Apophis (yellow) past Earth
on April 13, 2029. The blue points show geosynchronous

satellites, while the red orbit is the International Space
Station. Apophis' close pass will bring it inside the orbits
of some satellites, but still well clear of-hitting our planet.

NASA/JPL-CALTECH

follow-up confirmations. The
27-inch Schmidt telescope
Leonard operates can spot
NEAs as small as a person

2 million miles (3.2 million

km) distant — “a testament to
the exquisite sensitivity of our
CCD,” the postcard-size digital
sensor in the instrument.

“I spotted three candidates

just last night [Nov. 9, 2024],”
Leonard says, pointing to a
sweep of monitors in the
cramped control room. One
screen displays a colorful chart
that tracks the motions of
the telescope whirring above
us — 14-second exposures,
repeated four times each, cov-
ering hundreds of fields, or
roughly half the sky, per night.
Imagery is constantly pro-
cessed while the telescope
slews — it takes 10 minutes
from exposure to completion.
Another telescope 4 miles
(6.4 km) away atop Mount
Lemmon specializes in dim-
mer objects — down to magni-
tude 22, a million times fainter
than our eyes can see — and
takes two weeks to cover half
the sky.

Detection software and
machine learning aid in the

The Torino Impact Hazard Scale

No hazard

Normal

Meriting
astronomer
attention

Threatening

Certain
collisions

0

The likelihood of a collision is zero or effectively zero. This includes objects that burn up in the
atmosphere and meteorite falls, which rarely cause damage.

A pass near Earth is predicted but poses no unusual danger. Current calculations show a collision
is extremely unlikely. No cause for public attention or concern. More observations very likely will
lead to reassignment as Level 0.

An object making a close but not highly unusual pass near Earth; a collision is very unlikely. May
merit attention by astronomers but no public attention or concern. More observations very likely
will lead to reassignment as Level 0.

A close encounter with > 1 percent chance of collision capable of localized destruction, meriting
attention by astronomers. Attention by public or officials is merited if the encounter occurs within
10 years. More observations very likely will lead to reassignment as Level 0.

A close encounter with > 1 percent chance of collision capable of regional devastation, meriting
attention by astronomers. Attention by public or officials is merited if the encounter occurs within
10 years. More observations very likely will lead to reassignment as Level 0.

A close encounter posing a still-uncertain threat of regional devastation. Critical attention by
astronomers is needed to determine conclusively whether a collision will occur. Governmental
contingency planning may be warranted if the encounter occurs within 10 years.

A close encounter by a large object posing a still-uncertain threat of a global catastrophe. Critical
attention by astronomers is needed to determine conclusively whether a collision will occur.
Governmental contingency planning may be warranted if the encounter occurs within 30 years.

A very close encounter by a large object posing an unprecedented but still-uncertain threat of a
global catastrophe if occurring within 100 years. International contingency planning is warranted,
including to determine urgently and conclusively whether a collision will occur.

A collision is certain, capable of localized destruction if over land or a tsunami if close offshore.
Such events occur on average once per 50 to several thousand years.

A collision is certain, capable of unprecedented regional devastation for a land impact or a major
tsunami for an ocean impact. Such events occur on average once per 10,000 to 100,000 years.

A collision is certain, capable of a global climatic catastrophe that may threaten civilization as we
know it, regardless of impact site. Such events occur on average once per 100,000 years or more.
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This graph shows the steep rise in the cumulative number of NEOs
discovered over time. It includes all known NEOs as of Aug. 20, 2025.
As of that date, there were 38,985 total known NEAs, with 11,382 of
those larger than 0.09 mile (0.14 km) and 876 larger than 0.6 mile

(1 km). Also at this time, 2,500 asteroids were classified as potentially
hazardous (PHAs), including 155 PHAs larger than 0.6 mile (1 km).

ASTRONOMY: ROEN KELLY, AFTER NASA/JPL-CALTECH

POTENTIALLY HAZARDOUS ASTEROIDS

Jupiter

This illustration shows the orbits of more than 1,400 PHAs (blue) identified
as of early 2013. As of August this year, NASA CNEOS considered a total of
2,500 asteroids potentially hazardous to Earth. nasaseL-cairect

field with a red circle pinpoint-
ing his discovery. A set of four
photographs shows it changing
position against a static field
of stars — movement that

search, but there is still an
important human factor.
Leonard pulls up an image
from the previous night, fea-
turing a riot of stars on a black
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ABOVE: A red circle identifies one of

two new NEOs discovered by Catalina
Sky Survey telescope operator Greg
Leonard Nov. 9, 2024, the day before
the author visited the survey's
facilities. This object is an Aten-family
NEO with a diameter of about 164 feet
(50 m), now officially designated

2024 VC,. RANDALL HYMAN

RIGHT: Leonard explains the
graphical display showing the
Schmidt telescope’s survey progress
for the night. ranpaLL Hyman

Leonard noticed as he
reviewed the images.

“Humans are integral to the
Catalina Sky Survey,” says CSS
director Carson Fuls. “We
manually review possible can-
didates because humans are
highly adapted to detect slight
motion.”

By animating successive
photos, observers can spot
movement even when an
object is very faint. If software
and human agree on a find,
detections are immediately
submitted to the Harvard and
Smithsonian Center for
Astrophysics’ Minor Planet
Center (MPC) and posted
worldwide to allow other
observatories to double-check
the sightings. The rapid pace is
vital: The optical visibility of
an asteroid depends not only
on its position but also those of
Earth and the Sun, and that

geometry can change quickly.
“What matters with discovery
of near-Earth objects is how
fast you can report it so some-
one else can follow up to do
targeted observations, because
otherwise, it’s gone,” says Fuls.

Once the MPC confirms
a detection (provided it isn’t
dismissed it as an artifact,
space junk, or a previously
known near-Earth object
[NEQ]) it names them —
all within 24 hours.

According to Fuls, the CSS
vets the 20 most likely asteroid
candidates in each of the hun-
dreds of fields per night.
“Reviews of aggregate histori-
cal data show that 98 percent
of detected NEOs are ranked
in [these] top 20 potential
detections,” says Fuls. “But that
leaves dozens in each field we
don’t have time for.”

To address that gap, the
CSS posts nightly imagery for
the next 20 most likely candi-
dates for the public to review
on the Zooniverse citizen sci-
ence platform as part of The
Daily Minor Planet project.
More than 7,000 citizen scien-
tists have logged on to try their
hand at asteroid hunting since
the project’s inception in
October 2023, spotting some



3,500 previously undetected
asteroids and discovering three
new NEOs.

Fuls says that the introduc-
tion of the Rubin Observatory
will help discover even more
NEOs. And Mario Juric, head
of Rubin’s LSST Solar System
Pipeline Group, adds, “As we
[Rubin] come online, my bet
is the entire planetary defense
discovery system will be reop-
timized to draw on specific
strengths of each program and
the whole will be much more
powerful than any individual
piece.”

Near-Earth asteroids
NEOs, which include NEAs,
are asteroids or comets that
orbit the Sun with a perihelion,
or closest point to the Sun, of
1.3 astronomical units or less.
(One astronomical unit, or AU,
is the average Earth-Sun dis-
tance of 93 million miles [150
million km)].) If an asteroid

These nine views of the Apollo-group
NEA 2007 PA, were obtained in
October and November 2012 by
NASA's Deep Space Network antenna
in Goldstone, California. 2007 PA,
measures about 1 mile (1.6 km) across,
and although its orbit crosses our
own, is not considered a hazard to
Eal’th. NASA/JPL-CALTECH

exceeds 460 feet (0.09 mile;
140 m) in width and comes
within about 4.6 million miles
(7.5 million km; 0.05 AU) of
Earth’s orbital path, it is desig-
nated a potentially hazardous
asteroid (PHA), capable of
widespread destruction.

In seeking to fulfill
Congress’ mandate to search
for asteroids larger than

0.6 mile (3,168 feet; 1 km),
CSS and other surveys face a
daunting task. “There’s on

the order of 24,000 NEAs that
are 140 meters [460 feet] and
larger, depending on how you
count them,” says Chodas.
“We’ve found 9,600 NEAs and
about 900 that are larger than
1 kilometer [0.6 mile], but by
that measure, we’re not even

halfway,” he says.

That’s because determining
how many total NEAs exist is
tricky. “The percentage of
NEAs that have been discov-
ered so far depends tremen-
dously on size,” Chodas
explains. “I give the example of
a bunch of fish in a small lake.
The fish are like asteroids.
When you go fishing, you tag
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them as you catch them [and]
throw them back in. You do
this day after day, and after a
month or two, when 90 per-
cent of the fish you're catching
are tagged, you know you've
found 90 percent of the popu-
lation. But the smaller the size
limit you're interested in, the
larger the population, and the
smaller the completion ratio.”
In 2005, NASA was
directed by Congress to more
specifically identify 90 percent
of NEOs larger than 460 feet
(140 m); Chodas says some
45 percent of the expected

population has been identified.

But “the population number
rises exponentially as [you]

go to smaller threshold sizes:
The population is roughly
100,000 at the size of 2024 YR,
(which was about 60 m

[197 feet] in size), and if we go
all the way down to a few
meters in size, the population
of NEAs is over a billion.”

Crash avoidance

For Chodas, the real challenge
is determining trajectories, not
numbers. He has been predict-
ing the motions of asteroids

and comets with pinpoint
accuracy for decades. Chodas
is also tasked with invent-

ing the fictional asteroids for
Planetary Defense Conferences
— a biennial forum for thwart-
ing hypothetical killer space
rocks, akin to war games for
astronomers and engineers.

CNEOS determines impact
threat for all reported NEOs
— even candidates that have
not yet been confirmed.
Objects in the MPC’s database
of candidates are evaluated by
CNEOS’ Scout software, which
performs preliminary trajec-
tory and threat analysis to
identify short-term, imminent
impactors. The MPC also
operates the Sentry system,
which looks at the confirmed
asteroid catalog to assess
whether an impact is possible
in the next 100 years. Both
systems continually update
risk assessments as additional
data come in.

For several weeks after YR,
was discovered by ATLAS in
Chile around Christmas 2024,
the risk of impact kept rising
with more data rather than
diminishing, triggering alarm.

Coincidentally, the hypotheti-
cal asteroid for this year’s
Planetary Defense Conference
in May was eerily similar to
YR, in projected size and
impact probability, even
though it was invented months
before YR,’s discovery. The
uncanny similarity underlined
how vital such “war games”
can be, a reminder to scientists
that inevitably their efforts will
not be a mere drill.

Cosmic shooting
gallery

Earth was once a frequent vic-
tim of NEOs, though our scars
are hidden by eons of erosion,
uplift, and sedimentation.
Today, the number of potential
impactors in our vicinity is

far fewer than in the solar sys-
tem’s youth. But a single strike
like the 2013 Chelyabinsk
meteor over Russia — an
unexpected 10,000-ton aster-
oid that snuck in from behind
the Sun and exploded high in
the stratosphere with 30 times
the energy of a small atomic
bomb — reminds us that we
are still whirling through a
cosmic shooting gallery.

We are becoming better
prepared. “We’ve predicted
impacts to within a few sec-
onds and within a kilometer
with just a few hours’ warn-
ing,” says Chodas, referring to
hits in Sudan in 2008 and
western Europe in 2023 and
2024. “We got out the predic-
tions, and people actually
filmed fireballs coming
through the atmosphere.”

Still, a spectacular reminder
of our vulnerability is just
around the corner. In April
2029, Earth will experience a
remarkably intimate visit from
an asteroid the size of an air-
craft carrier passing much
closer than the Moon. It will
be a once-in-a-millennium
occurrence: an asteroid visible
with the naked eye, sure to
create sensational headlines.

Discovered in 2004,

99942 Apophis (named after
the monstrous Egyptian ser-
pent god intent on disrupting
the cycle of night and day) will
pass within 20,000 miles
(32,000 km) of Earth, closer
than many satellites in geosyn-
chronous orbit. Based on
extensive observations and

THE DOUBLE ASTERQID REDIRECTION TEST T

UNTIL RECENTLY, humans were no better prepared to ward off killer
asteroids than the dinosaurs. That changed in September 2022, when
NASA's roughly half-ton Double Asteroid Redirection Test (DART)

spacecraft smashed into the 525-foot (160 m), 5.5-million-ton asteroid
Dimorphos at nearly 14,000 mph (22,500 km/h), generating the energy

of three tons of TNT.

Dimorphos orbits an asteroid five times its size, called Didymos.
Astronomers used this to track the result of the impact by watching the
pair's orbital period shrink after the nudge. The impact ultimately short-
ened the system's orbital tango by 32 minutes.

Compared to the tens of miles per second at which Dimorphos whips
around the Sun, this is a tiny fraction of its momentum — tenths of an
inch per second. According to David Jewitt, an astronomer at the
University of California, Los Angeles, who published a study about

Each tiny speckle in this December 2022 Hubble image of the asteroid
Dimorphos (bright object at lower left) is a boulder knocked off the asteroid
during the DART spacecraft impact three months prior. The rocks imaged here
are some 3 to 22 feet (1to 6.7 m) across, spotted drifting away from Dimorphos
at around 0.6 mph (1 km/h). Such debris could be of concern during future
efforts to redirect an asteroid threatening Earth. nasa, esa, o. JewrTT ucta) cc BY 40 INT)
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DART's aftermath in July 2023, any useful deflection of a larger asteroid
would require a far greater shove or need to occur decades ahead of an
impending collision to have a cumulative effect. “If you wanted to deflect
a bigger asteroid — for example, something 10 times larger — you'd need
1,000 DARTSs to get the same minuscule deflection,” he says.

A larger impact, however, means more debris. And in the case of an
asteroid headed for Earth, that debris could spell trouble, raining down
on the planet even if the larger impactor doesn't. Months after the colli-
sion, Jewitt and colleagues discovered a swarm of boulders from
Dimorphos in Hubble imagery, some as large as houses, drifting away in
all directions. They are now waiting for ESA's Hera spacecraft to rendez-
vous with Didymos in late 2026 to find out the fate of this debris. —R.H.



calculations, experts like
Chodas have determined that

it will harmlessly glide by and
not pose a threat for at least
100 years.

Space agencies are excitedly
preparing for this exceptional
encounter with a PHA. NASA
has reconfigured its Origins,
Spectral Interpretation,
Resource Identification, and
Security — Regolith Explorer
(OSIRIS-REx) mission, which

previously returned samples
from asteroid 101955 Bennu, as
the OSIRIS-APophis EXplorer
(OSIRIS-APEX) with a new
goal: to rendezvous with
Apophis. With fuel already
low, it can only fly by Apophis.
The European Space Agency,
on the other hand, hopes to
redirect Hera after its visit to
the asteroid Didymos to study
the aftereffects of NASA’s
Double Asteroid Redirection

Test (DART). Under the new
name the Rapid Apophis
Mission for Space Safety
(Ramses), it will rendezvous
with Apophis before the aster-
oid flies by Earth and remain
with it throughout its pass.
Both missions will offer
deep insights into how
Earth’s tidal forces interact
with incoming space rocks.
Combined with new surveys
like Rubin’s and dedicated

Telescopes of the Asteroid Terrestrial-impact Last Alert
System (left) in Hawaii, the Panoramic Survey Telescope
and Rapid Response System (top), and the Catalina Sky
Survey in Arizona (above) scour the skies looking for
new NEOs that could pose a threat to Earth. atias: Henry
WEILAND; PAN-STARRS: UNIVERSITY OF HAWAI'l; CSS: DAVID RANKIN

observers like Leonard and
Chodas, scientists are getting
ever closer to the ability to
plan for the next uninvited
guest to crash the party, and
to hopefully thwart its mis-
sion of chaos and doom. «

Randall Hyman s a science
writer whose work has

been featured in numerous
publications, including Nature,
Science, and Smithsonian.
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Two Gemini

and two Apollo
flights cemented
this trailblazing
astronaut’s place
in history.

BY RICHARD TALCOTT

THE WORLD LOST A TRUE HERO
Aug. 7, when astronaut and space pioneer
Jim Lovell passed away at age 97. The first
person to fly in space four times, Lovell
helped pave the way for the first Moon
landing and came to epitomize NASA’s
can-do attitude.

I had the honor and pleasure to inter-
view Lovell three times during the latter
half of the 2010s. Always gracious,
humorous, and engaging, he became
a good — dare I say it — friend. What
follows is a remembrance, sprinkled with
his reflections culled from our interviews.

The early years

James Arthur Lovell Jr. was born in
Cleveland on March 25, 1928. After his
father died in a car accident in 1933, he
and his mother moved to Terre Haute,
Indiana, where they lived with a relative
for two years. Lovell spent his formative
years in Milwaukee. He excelled in school

% Jim Lovell poses for his formal portrait four
months before the April 1970 launch of Apollo 13.
The mission’s intended target — the lunar crater
Fra Mauro — sits near the Moon globe’s center. nasa

A tarewell 1o
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and became an Eagle Scout, yet still
found time to study rocketry and build
model rockets.

Finances were tight in the Lovell
household, and Jim had few options to
continue his education after high school.
Enter the U.S. Navy. Although the presti-
gious and selective Naval Academy
rejected Lovell’s application, the service
had just initiated a program that pro-
vided two years of free college tuition to
study engineering. Flight training and a
year of active duty followed. The students
were then allowed to complete their
degrees before becoming naval aviators.

Lovell completed his two years at the
University of Wisconsin-Madison, but
then reapplied to the Naval Academy at
the urging of his mother, who feared that
an outbreak of war could unduly delay
his education. The second time proved to
be the charm. He graduated in 1952 and
soon started flight training in Pensacola,
Florida. Fourteen months later, he offi-
cially became a naval aviator and began
flying night missions off aircraft carriers
in the Pacific.

Gemini astronaut
Although Lovell was happy as a carrier
pilot and later instructor, by 1957 that
career had lost some of its excitement.
He applied for a transfer to the Naval Air
Station in Patuxent River, Maryland,
where he planned to test experimental
aircraft. But the ground beneath aviation
was shaken to its core Oct. 4, 1957, when
the Soviet Union launched Sputnik into
Earth orbit. Suddenly, the horizon avia-
tors could envision stretched far beyond
Earth’s atmosphere.

Lovell set his sights on becoming an
astronaut, and in 1958 he was one of 110

test pilots selected as candidates for the
Mercury program. Like his initial rejec-
tion from the Naval Academy, he didn’t
make the cut. A high count of a liver
compound meant he wouldn’t be one of
the Mercury Seven, the group who would
make America’s first forays into space.

Of course, seven astronauts wouldn’t
be able to crew all of the planned two-
man Gemini and three-man Apollo
flights. NASA started recruiting a second
astronaut group in 1962 and, this time,
Lovell made it. He joined eight other win-
ners in the so-called “Next Nine” or “New
Nine,” a veritable who’s who of astronauts
destined to achieve President Kennedy’s
goal of “landing a man on the Moon and
returning him safely to the Earth.”

The Gemini program was designed
to test every procedure needed to realize
Kennedy’s objective. Ten crewed flights
in 20 months demonstrated astronauts’
abilities to rendezvous and dock two
spacecraft; start, stop, and restart rocket
engines; function productively outside a
spacecraft; and, most importantly, live in
space for an extended period.

Lovell’s two Gemini flights played
critical roles in achieving these mile-
stones. In December 1965, Gemini VII
— NASA was as fond of using Roman
numerals for the Gemini flights as the
NFL is in numbering Super Bowls — sent
Lovell and Frank Borman into Earth
orbit for 14 days, longer than any of the
Apollo Moon missions. The two astro-
nauts also participated in the first rendez-
vous with another crewed mission when
they met Gemini VI-A and flew in tan-
dem with the other ship for three orbits.

The final mission in the program,
Gemini XII, came in November 1966.
Lovell teamed with Buzz Aldrin on this

el

four-day flight that proved humans could
work outside the spacecraft. Although
four NASA astronauts — Ed White,
Gene Cernan, Michael Collins, and

Dick Gordon — previously had per-
formed spacewalks, none went particu-
larly well. But Aldrin equipped himself
with special tethers, foot restraints, and
portable handholds, buzzing around the
space capsule as if on a walk in the park.

To the Moon

Lovell would not fly again for two years.
The tragic launchpad fire that killed the
Apollo 1 crew — Gus Grissom, White,
and Roger Chaffee — on Jan. 27, 1967,
forced NASA to delay the program while
the agency figured out what went wrong
and then redesigned the spacecraft’s
command module. Flights resumed with
Apollo 7 in October 1968. Lovell would
get his next opportunity two months later
on Apollo 8.

The historic mission to the Moon
hadn’t been planned that way. NASA
originally conceived Apollo 8 as a test
flight for the lunar module in low Earth
orbit, following on Apollo 7’s successful
test of the command and service modules.

41? An oxygen tank exploded during Apollo 13's
flight to the Moon, crippling the spacecraft. The
blast blew away a service module panel, seen here
after the astronauts jettisoned the module just
before reentering Earth's atmosphere. nasa
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But the lunar module program was run-
ning behind schedule and wasn’t ready for
Apollo 8. NASA made the bold move to
swap the crews of Apollos 8 and 9, and fly
8 to the Moon. “I guess there’s a certain
amount of luck in everybody’s life,” said
Lovell, who joined Gemini VII crewmate
Borman and rookie astronaut Bill Anders
on the Apollo 8 crew.

Assassinations, riots, and an unpopular
war had dominated the news in 1968. But
these three men were about to change the
year’s grim narrative. On the morning of
Dec. 21, Apollo 8 lifted off from Florida’s
Kennedy Space Center on top of the pow-
erful Saturn V rocket. A few hours later,
the crew became the first humans to slip
the bonds of Earth’s gravity when they lit
the Saturn Vs third stage.

Three days later, Apollo 8 fired its ser-
vice module engine and entered the first of

Perhaps the most memorable first is a single

‘1P Astronauts Jim Lovell (left) and Frank Borman,

in their T-38 jumpsuits and helmets, stand behind lmage Called “Earthrlse.” lt ShOWGd a Stark

a model of their Gemini VIl space capsule several . .

months before its December 1965 flight, s lunar landscape with a beautiful blue planet
‘JL'Earth rises over the Moon'’s limb as Apollo 8 hanglng 1N the blaCKHGSS Of Space, Capturlng
comes out from behind the Moon. The lunar horizon ey . .

lay approximately 485 miles (780 km) from the the fragility and isolation of our home planet.

spacecraft when Bill Anders captured the scene. nasa

its 10 lunar orbits. Lovell told me his most
profound memory of the lunar visit was his
new perspective on Earth: “When I looked
out at the Earth for the first time, 240,000
miles away, my world suddenly expanded
to infinity. I could put my thumb up to the
window and completely hide the Earth.
And I suddenly realized that behind my
thumb, on this little planet, was about

5 billion people. Everything I ever knew
was behind my thumb.”

Lunar orbit also brought the astronauts’
iconic reading of the first 10 verses from
Genesis. And it gave Lovell his first close-
up look at Mount Marilyn. He had spotted
this triangular-shaped peak during train-
ing and thought it might make a good ref-
erence point for the Apollo 11 astronauts
who would land on the adjacent Sea of
Tranquillity. He unofficially named it
after his wife, Marilyn Lillie Lovell, who
would remain married to Jim for 71 years
until her death in 2023.

In a mission filled with firsts, perhaps
the most memorable is a single image
called “Earthrise.” It showed a stark lunar
landscape with a beautiful blue planet
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hanging in the blackness of space, cap-
turing the fragility and isolation of our
home planet. Although Anders was the
mission photographer, Lovell was quick
to point out the alignment to him.
“When the Earth drifted over to my win-
dow and I looked at it and saw the com-
position of the Earth with respect to the
lunar horizon, I said, ‘Bill, this is it. This
is the picture.””

Houston, we've
had a problem
With the successful landings of Apollos
11 and 12, spaceflight had become rou-
tine, if not a little boring, for many
Americans. Apollo 13 would change that
in an instant. Once again, fate played a
role. Lovell was initially scheduled to go
back to the Moon on Apollo 14, but
NASA decided that 13’s slated com-
mander, Alan Shepard, didn’t have
enough training and swapped crews.

Lovell and rookie crewmates Jack
Swigert and Fred Haise lifted off April 11,
1970, for what was supposed to be the
first lunar mission to concentrate on sci-
ence. Although not a superstitious guy
who believed the number 13 was unlucky,
Lovell told me, “As you look at the flight
and you analyze the mission from its
inception to the finish, you’ll see that it
was plagued by bad omens and bad luck.”

Jack Swigert only made the crew
because original member Ken Mattingly
had been exposed to the German mea-
sles, and he was the only crew member
not immune from prior exposure. In
addition, one of the ship’s oxygen tanks
had been damaged earlier and, though
apparently repaired, was still behaving
oddly. Then, less than six minutes into
the flight, one of the engines shut down
two minutes prematurely. The other
engines managed to compensate, how-
ever, and all seemed well as the crew
headed toward the Moon.

That changed two days later, on
April 13. Some 200,000 miles from Earth,
the damaged oxygen tank exploded dur-
ing a routine stirring. It caused the other
tank to fail, and cascading events left the
command module without its supply of

% Lovell chatted with me and the Astronomy staff
in August 2019 at the Lake Forest, lllinois, public
library. astronomy: pavip 1. EicHER

electricity, light, and water. Most people
would have panicked. But Lovell and his
crewmates were former test pilots, and
they knew how to handle adversity.

Along with mission control, they
figured out solutions. First, they would
use the lunar module as a lifeboat to get
back. Second, they had to alter the space-
craft’s course, which was designed to get
them into lunar orbit, to get on a free-
return trajectory. Then, they had to
speed up to get back to Earth before
their supplies ran out.

Maneuvering proved to be a big prob-
lem. NASA didn’t design the lunar mod-
ule to fly while attached to the command
and service modules. Yet they couldn’t
jettison the command module because
they needed its heat shield to protect
them during reentry. “The center of
gravity, instead of being in the center of
the lunar module like it is normally, was
way out in left field someplace,” said
Lovell. “So, I literally had to learn by
the [way it handled] how to maneuver.
Fortunately, when you're in deep trouble,
you learn pretty fast.”

The other major problem was the
buildup of carbon dioxide. “The lithium-
hydroxide canisters [on the lunar mod-
ule] were designed to remove carbon
dioxide from two people for two days,
and we were three people for four days,”
said Lovell. “It meant that we had to take

a square canister from the command
module and rig it into the environmental
system of the lunar module, which used
round canisters that went into round
holes. We ended up using duct tape, plas-
tic, a piece of cardboard, and an old sock
to jury-rig [a] system to remove the car-
bon dioxide.”

The crew made it safely back to Earth
on April 17. They received a hero’s wel-
come, a far cry from the ho-hum reac-
tion to their liftoff.

Jim Lovell gave hundreds of inter-
views over the years, and I was privileged
to conduct three of them. His warmth,
insight, and down-to-Earth humor came
through in every response. I consider my
time with him a highlight of my 40-year
career at Astronomy.

On July 26, 2017, nearly 50 years after
Lovell’s Apollo flights, the International
Astronomical Union recognized Mount
Marilyn as the official name for that
peak on the Sea of Tranquillity’s edge. As
he told me in 2018, “From that day on, in
perpetuity, looking down at me long
after ’'m gone, will be this little triangu-
lar mountain named Mount Marilyn.”
May our memory of Jim Lovell and his
fellow space pioneers survive as long. »

Contributing Editor Richard Talcott
intently followed all the trials and triumphs
of the Gemini and Apollo programs.
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SKY THIS MONTH

THE SOLAR SYSTEM'S CHANGING LANDSCAPE AS IT APPEARS IN EARTH'S SKY.
BY MARTIN RATCLIFFE AND ALISTER LING

< Visible to the naked eye
/M Visible with binoculars
Z{ Visible with a telescope

Geminid meteors
stream from the
radiant in Gemini
in this composite,
complete with the
aurora borealis at
left, which
appeared later in
the night. aLan pver

The Geminids put on a show

The long nights of
December are an

astronomical delight. The early
evening sky hosts Saturn as
the main feature, along with
Uranus and Neptune. Jupiter
rises later and is visible all night,
its four main satellites undergo-
ing many notable events. The
morning sky shows the best
Northern Hemisphere appear-
ance of Mercury for the year.

Let’s begin with Saturn and
Neptune, 4.3° apart on Dec. 1.
Saturn’s easterly motion carries
it to within 3.5° of Neptune by
the 31st. Saturn is easy to spot at
magnitude 1.0 — the brightest
object in the region except when
the Moon passes by Dec. 26.
Both planets stand 45° high in
the southern sky as soon as it’s
dark and set by midnight, so
plan to observe in early evening.

Neptune shines at magni-
tude 7.7 and requires at least
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binoculars to view. Saturn’s
proximity makes it easy to
spot. About half a binocular
field of view east of Saturn lies

Passing through @ M X

telescope and its bluish-hued

@ Moon
Pleiades # o

- Uranus

CETUS
[ ]
Menkar

TAURUS

Aldebarane *
ERIDANUS

L
ORION * e 10°

¢ e Bellatrix

Dec. 3, 6:30 p.m. CST
Looking east

One day from Full, the Moon closes in on the Pleiades for an occultation the
night of Dec. 3. Uranus will require optical aid to view. ALLiLLusTRATIONS: AsTRONOMY:
ROEN KELLY

5th-magnitude 27 Piscium, and
Neptune is 2° north of this star.
Neptune spans 2" through a

disk appears nonstellar. It lies
2.8 billion miles from Earth.

At the end of the year,
Saturn is 902.6 million miles
from Earth and its disk spans
17". The edge-on rings give us
a rare chance to see both hemi-
spheres at once. The rings open
slightly from 0.4° to 1.0° during
the month.

Eighth-magnitude Titan,
Saturn’s largest moon, wanders
back and forth every week.
You’'ll find it near Saturn Dec. 8,
16, and 24. Titan transits Saturn
twice, though neither is visible
from the U.S. European observ-
ers can enjoy the first transit
Dec. 8 beginning at 17:37 UT
and the second Dec. 24 begin-
ning at 16:58 UT. Each ends
about six hours later. The moon
reappears from occultation
Dec. 16 around 21:56 UT, again
visible in Europe and the U.K.

Tethys, Dione, and Rhea,




RISING MOON | Westward ho
TI'H.E LAYA-FILLED GRIMAITDI BASIN is eas-
ily identified on the western limb of the Moon —

as the last patch of darkness west of the huge

Oceanus Procellarum. But when the first rays of
sunlight tickle its clumpy rim on the evening of
the 3rd, only a “Mickey Mouse head” trio of cra-

MERCURY is at its best for the ters pom.ts th? way in the lunar south.west. ! s " Oceanus ’
year in the Northern Fully illuminated on the 4th, the highly bat- - [ Erosellarum__
Hemisphere morning sky, tered crater rim is direct evidence of its age. | i g g Tg- R
reaching greatest western Several interesting sights have also appeared L 4 s t e 4

| tion Dec. 7.
- next to Grimaldi, notably the equally large and

e@ @ battered Riccioli closer to the terminator. That I8 dl”'ﬁ' 3
crater has a much rougher floor because it was a | o L) ST R

little too far from Procellarum’s lava floods to wnid B 0B s I .

get filled up like Grimaldi. i
each shining at 10th magnitude, Use a dark filter on your eyepiece to
orbit Saturn closer than Titan. reduce the stark brightness levels of
With the rings nearly edge-on, the Full Moon. If you don’t have one,
it’s fascinating to watch these just crank up the power to spread out Erimelel shendts euf 5 & metEse dEk
moons for close conjunctions. the light and you'll find the result a lot region near the Moon's western limb.

For eXample. Dlone Stal’ldS 1" easier on the eye. Spend some time here CONSOLIDATED LUNAR ATLAS/UA/LPL. INSET: NASA/GSFC/ASU

due north of Tethys on the 9th, to note that Grimaldi’s floor is not a uniform
and you can see their relative shade. See if you can follow the indistinct rays A borTus feature: On De?- 1, Ch?Ck out the
motion between 10 and 11 .M. of lighter rock ejected from a couple of major Marius Hills along the terminator just north of
EST. On the 15th, Dione stands impacts late in the Moon’s bombardment back the equator.

to their source. Sunrise will return to Grimaldi Jan. 1.

2" due north of Titan an hour
earlier. These events are close to
the resolution limit of smaller
telescopes and will be affected
by any local atmospheric turbu-

METEOR WA | End the year with a bang

lence. On the 16th, Tethys and —
Titan stand 2" apart near the Geminid meteor shower < THERE'S A WANING CRESCENT

eastern edge of the rings just MOON three days past Last Quarter

after 9 p.m. EST. On the 17th, JupitF;?"u.x b,Castor e as the Geminid meteor shower peaks.

Dione and Tethys meet again . CANIS -Radiant suRrIGA While the Moon will subdue fainter
near Saturn’s western limb — ProgILI:?R .GEMINI ° N meteors, the Geminids are well known
the pair appears to merge just X ) ) . apefia for brilliant members and given that
.o % . ‘. L . S
before 9 p.M. EST as they _— . « . PERSEUS L Gemini is very high near local midnight,
approach closer than 1", Betelgeuse * e C meteors can be observed anywhere
although Tethys is on the far : Sirius s TI:PRUS .. o Bl across the sky. The zenithal hourly rate
side of the rings and is occulted 0 0% °C . *  “Pleiades NGl s over 100, and the shower is regarded
by them, so it may appear ° 1&1},}%% i é° . " Uranus as the best one of the year, so even
fai : : . : ARIES 5 with the Moon around you should see
ainter or disappear entirely eHamal Uite 2 few meteors every hour
depending on seeing conditions. . a ; y hour.
5 . The second major shower in

The dim rings may allow
you to view magnitude
11.8 Enceladus. It remains | GEMINID METEORS
within about 37" of Active dates: Dec. 4-17

10° December is the Ursids, active from
Dec. 17-26 and peaking the 22nd.
There’s no interference from the Moon,

. Peak: Dec. 14 Dec, 14, 3.am. although rates are one-tenth that of
Saturn, or 15 .from the M?on. ate;eak' Waning crescent Looking southwest the Geminids. With the radiant up all
edges of the rings. ’ night, however, there’s a good chance

Maximum rate at peak:
150 meteors/hour

The Geminid meteor shower is active from

Tapetus reaches supe- > |
Dec. 4 to 17, so follow it for a few nights for

that you will spot some of its shower

rior conjunction with the best results. members.

Saturn Dec. 6. U.S. \

observers will see the

11th-magnitude moon 1.2' due the 25th, dipping to 12th Pleiades (M45). The planet is 14 Tauri. As December opens,
south of the planet the evening ~ magnitude. very easy to spot as it wanders Uranus is in line with the pair,
of the 5th. Its then reaches its Uranus spends all monthin  south of a pair of 6th- standing a Moon’s width due
eastern (fainter) elongation on Taurus, located south of the magnitude stars, 13 and — Continued on page 34
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STAR DOME

HOW TO USE THIS MAP
This map portrays the sky as seen
near 35° north latitude. Located
inside the border are the cardinal
directions and their intermediate
points. To find stars, hold the map
overhead and orient it so one of
the labels matches the direction
you're facing. The stars above
the map's horizon now match
what's in the sky.

The all-sky map shows
how the sky looks at:

9 p.m. December 1
8 p.m. December 15
7 p.m. December 31

Planets are shown
at midmonth

MAP SYMBOLS

D

Open cluster
Globular cluster

AONIIN SINVD

Diffuse nebula
Planetary nebula

Galaxy

STAR
MAGNITUDES

Sirius

0.0 e 3.0
1.0 * 4.0
2.0 - 50

STAR COLORS

A star’s color depends

on

‘ BEGINNERS: WATCH A VIDEO ABOUT HOW TO READ A STAR CHART AT

its surface temperature.

The hottest stars shine blue
Slightly cooler stars appear white
Intermediate stars (like the Sun) glow yellow
Lower-temperature stars appear orange
The coolest stars glow red

Fainter stars can't excite our eyes’ color
receptors, so they appear white unless you
use optical aid to gather more light

www.Astronomy.com/starchart.
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SUN. MON. | TUES. | WED. |THURS.| FRI.
e 2 3 5 6
7 8 9 10 12 B
v 15 16 7 19 2
:(i Z Q . |@ ‘ﬁ; (i , 1': a 1',; a
21 22 23 24 26 27
28 29 30 31

Note: Moon phases in the calendar vary in size due to the distance
from Earth and are shown at 0h Universal Time.

CALENDAR OF EVENTS

3
4

1
14
17

19
21
22
26
27

31

The Moon passes 5° north of Uranus, 10 p.u. EST

The Moon is at perigee (221,806 miles from Earth), 6:07 am. EST
. Full Moon occurs at 6:14 p.m, EST

The Moon passes 4° north of Jupiter, 11 Am. EST

Mercury is at greatest western elongation (21°), 4 p.u. EST
Asteroid Psyche is at opposition, 9 p.m. EST

The Moon passes 0.7° north of Regulus, 2 am. EST
Neptune is stationary, 7 p.m. EST

e Last Quarter Moon occurs at 3:52 p.m. EST

Geminid meteor shower peaks

Asteroid Juno is in conjunction with the Sun, 1AM, EST
The Moon is at apogee (252,477 miles from Earth), 1:09 am. EST
The Moon passes 6° south of Mercury, 7 Am. EST

The Moon passes 0.4° south of Antares, 8 Am. EST
Mercury passes 6° north of Antares, 4 p.m. EST

@ New Moon occurs at 8:43 p.m. EST

Winter solstice occurs at 10:03 am. EST

The Moon passes 0.6° north of Pluto, 4 p.m. EST

The Moon passes 4° north of Saturn, 11 p.u. EST

The Moon passes 3° north of Neptune, 4 am. EST

s First Quarter Moon occurs at 2:10 p.m. EST

The Moon passes 5° north of Uranus, 7 Am. EST

ILLUSTRATIONS BY ASTRONOMY: ROEN KELLY
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PATHS OF THE PLANETS

. Path of the Sun
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To locate the Moon in the sky, draw a line from the phase shown for the day straight up to the curved blue line. l 9 L »9
@ Uranus
THE PLANETS Jupiter THE PLANETS IN THE SKY
IN THEIR ORBITS These illustrations show the size, phase,
Arrows show the inner and orientation of each planet and the two
planets’ monthly motions @ Neptune brightest dwarf planets at Oh UT for the dates
and dots depict the Saturn in the data table at bottom. South is at the top

outer planets’ positions to match the view through a telescope.
at midmonth from high

above their orbits.

Jupiter " Venus
ercury
o “ ‘ M;s Ceres

Earth ' ' -

Winter solstice is B

December 21

Ceres PLANETS MERCURY VENUS
Date Dec.1 Dec. 15
Mercury

Greatest western Magnitude 01 -39

elongation is [\ Venus

December 7 Angular size 8.0 9.8

lllumination 36% 100%

Distance (AU) from Earth 0.843 1700
Distance (AU) from Sun 0.324 0.726
Right ascension (2000.0) 15h15.1m 17h05.5m
Declination (2000.0) -15°22' -22°41'
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Q Callisto 2 7/-7

This map unfolds the entire night sky from sunset (at right) until sunrise (at left). Arrows
and colored dots show motions and locations of solar system objects during the month.

;

. Ganymede

JUPITER'S
MOONS

Dots display
positions of
Galilean satellites
at 11 p.m. EST on
the date shown.
South is at the
top to match the
view through a
telescope.

Jupiter

Saturn

Uranus Neptune Pluto

- ~ .

MARS
Dec. 15

CERES
Dec. 15

JUPITER
Dec. 15

SATURN

URANUS NEPTUNE PLUTO
Dec.15 Dec.15
1.2 8.7 -2.6 1.0 5.6 77 15.3

3.9" 0.5" 455" 176" 38" 2.3" 01"

Dec. 15

100% 97% 100% 100% 100% 100% 100%

2421 2.549 4.331 9.436
1.447 2.898 5.206 9.524

18.595 29.764
19.493 29.885

3h43.7m 23h58.5m

36.168
35.410

17h57.4m 20h20.2m

0h29.9m 7h39.5m 23h45.5m

-24°13'

-7°27'

21°40'

-4°06'

19°33' -1°37'

-23°24'




SKY THIS MONTH — Continued from page 29

w

Tethys
eTitan L

]
Dione Enceladus

Dec. 15,9 p.m. EST

Dione stands due north of Titan the evening of Dec. 15. The pair will be close
to the resolution limit of small scopes — can you separate the two moons?

east of 14 Tau. By Dec. 13,
Uranus is 7' due south of
14 Tau. By the 24th it’s moved
farther west and is 14" due
south of 13 Tau. By year’s end,
Uranus stands 21" southwest of
13 Tau and appears to have an
8th-magnitude companion, a
field star. Through a telescope,
Uranus reveals a pale greenish
disk spanning 4"

A nearly Full Moon crosses
in front of the Pleiades Dec. 3,
heralding multiple occultations
of its bright stars. While the
stars do disappear at the dark
limb, only brighter members of
the cluster will be visible thanks
to the blazing Moon, and even
they will be a challenge.

Magnitude 3.7 Electra is the
first major Pleiad to disappear,
soon after 7 p.M. CST from
Chicago. The timing varies by
location, but the Moon crosses
the cluster between about 7 p.M.
and 9:30 p.m. CST. Use high
magnification on your tele-
scope, which will remove as
much of the Moon from your
field of view as possible.

Jupiter rises about 8 p.m.
local time Dec. 1 and a little
over two hours earlier by the
31st. It’s a spectacular object,
passing more than 70° high
around local midnight, domi-
nating the stars of Gemini. Just
one month from opposition in
January, Jupiter reaches magni-
tude -2.7 by month’s end. The
disk spans 44" at the start of

34 ASTRONOMY

December and grows to 46" by
the New Year. A waning gib-
bous Moon stands 8° northwest
of Jupiter the evening of Dec. 6.
A full rotation of the planet
(less than 10 hours) is visible in
a single night. Jupiter’s fast
rotation causes atmospheric
features to move noticeably
across the disk in 10 to 15 min-
utes. There is a treasure trove of
delicate cloud features to follow.

High-speed video capture at
regular intervals of a few min-
utes can produce a time-lapse of
Jupiter’s rotation, recording
brief moments of good seeing.

The four Galilean moons are
bright enough to see in any tele-
scope, and even in tripod-
mounted binoculars. As they
orbit they cross in front of the
planet and cast shadows, as well
as hide behind Jupiter in
occultations.

On Dec. 1/2, after midnight
for the eastern half of the U.S,,
Ganymede casts its shadow
across the planet’s face begin-
ning around 1:07 A.m. EST. The
shadow is so large that it takes
about 10 minutes to fully
appear. Three hours later, at
4:18 A.M. EST, the shadow
begins to leave the western
limb, just as Ganymede itself
approaches the eastern side.
Ganymede’s transit begins at

WHENTO
VIEW THE
PLANETS

EVENING SKY
Jupiter (east)
Saturn (south)
Uranus (east)

Neptune (south)

MIDNIGHT
Jupiter (east)
Saturn (west)
Uranus (southwest)
Neptune (west)

MORNING SKY
Mercury (southeast)
Jupiter (west)
Uranus (west)

4:44 A.m. EST. It takes more
than three hours to cross the
disk, leaving as dawn begins in
the Mountain Time Zone.

To approaches the eastern
limb of the gas giant Dec. 4/5,
the moon’s shadow appearing at
12:19 A.M. EST (the 5th in EST
only). Io joins 49 minutes later,

COMET 24P/SCHAUMASSE
rises around midnight, making

it worthwhile to stay up late,
especially on the weekend of the
Geminids. On Friday the 12th,

it shares a low-power field with

NGC 3607 and 3608 (10th and 11th

magnitude, respectively). With
Schaumasse forecast at 9th to

12th magnitude, you can estimate

its brightness easily. Use detailed
charts to make sure you're not
misidentifying a background
galaxy!

Somewhat hampered by
moonlight will be the “tilting
knife” effect from Dec. 7-11. This

is when Earth passes through the

plane of the comet’s elliptical
orbit, giving us an edge-on view
of the dust fan. Any blue ion tail
remains out of sight behind it.

From country skies on the 25th,

Comet 24P/Schaumasse K

" oe

~" +*NGC
3607

. Be . . NGC
36283 |

M66

NGc3so0 ;.

L]
L

. Lo
° «e ,NGC 3705

- ep LEO-
. NGC 3489

“NGC 341270
. M65 - NGC 3593

e

®
NGC 3190
. k=4
Path of - 55,
«Comet Schaumasse () @Y
. * I3

.10

NGC 3377

ONGC 3338
. Mmi0s -
“. NGC. QQmos-

3384°'M96 " . o

Comet Schaumasse is moving quickly through the sky. This chart shows its
path in the first half of December. Galaxies are shown down to magnitude 11.
Visit Astronomy.com for a chart depicting the rest of the month, included in

the online version of this story.

the comet is on the south side of M100 in a high-power field. Integrated magnitude can be misleading, as
M100 is a large face-on spiral that is diffuse, whereas Schaumasse is compact. Compare their forms, too
— the comet will have a sharply defined southeast flank where the solar wind pushes back dust. The fan-
shaped tail is still steeply tilted away, and imagers should get that classic green glow around the head.



LOCATING ASTEROIDS |
Riding on the back of the Whale

A lovely predawn scene @ A% K

Spicae

SERPENS CAPUT

OPHIUCHUS

Mercury d
SCORPIUS

Dec. 17, 1 hour before sunrise
Looking southeast

—— m——

VIRGO

LIBRA

\3 ' Moon

The thin crescent Moon, lit by earthshine, joins bright Mercury in the

morning sky before dawn Dec. 17.

following until the shadow
leaves at 2:34 A.m. EST. To
departs 50 minutes later. The
sequence repeats later in the
month with Io and its shadow
closer together, as we are
approaching opposition.

On Dec. 20, Io’s shadow
appears at 10:35 p.m. EST and
the moon follows 30 minutes
later. Both cross the disk in just
over two hours. On Dec. 27/28,
shadow ingress is at 12:28 A.M.
EST (the 28th in EST only) and
Io follows 20 minutes later. At
opposition next month, the time
difference drops to zero.

On Dec. 6/7, Europa's
shadow appears at 11:54 p.M.
EST, leaving just under three
hours later. The moon follows,
transiting from 1:31 A.m. EST
(Dec. 7 in the eastern U.S.)
through 4:22 a.m. EST.

Callisto transits on the eve-
ning of the 7th, beginning at
9:17 p.M. EST and ending
four hours later.

Try to spot Ganymede’s
reappearance Dec. 12/13 around
1 A.m. EST (the 13th in the
eastern U.S.). How early do you
spot the small bulge at the

northeastern limb of Jupiter?
Ganymede takes about seven
minutes to fully reappear from
behind the disk.

The year ends with a transit
of Europa and its shadow. The
shadow is first at 9:01 p.m. EST,
followed by the moon 28 min-
utes later. The transit takes
nearly three hours, ending
shortly before the New Year rolls
into the Central Time Zone.

Mercury is now at its best for
the year in the morning sky for
Northern Hemisphere observ-
ers. On the 1st it rises around
5:30 A.M. local time, some
90 minutes before sunrise. It
quickly achieves greatest elonga-
tion west of the Sun Dec. 7. On
that day, Mercury stands 30°
southeast of 1st-magnitude
Spica. The star is visible about
30° high in the southeast at
6:30 A.M. local time, with
Mercury 10° high.

The small planet starts
December at magnitude 0.1 and
reaches magnitude -0.5 by the
10th, remaining that way for
nearly three weeks before
brightening even more. There’s
an attractive scene on the 17th

iy

GET DAILY UPDATES ON YOUR NIGHT SKY AT
www.Astronomy.com/skythisweek.

TAKE A STROLL in the (star) fields to follow dwarf planet

1 Ceres. Fading from magnitude 8.5 to 8.9, the 600-mile-wide
world won't be a walk in the park, yet still easy enough from the
suburbs with a 3-inch scope. You might want to start just east
of Saturn and nail Neptune (magnitude 7.7) to calibrate your

expectations.

Gazers without motors can let Earth do the “hopping” in the
first week of December. Center on magnitude 3.6 lota (1) Ceti,
then come back eight minutes later to find Ceres sharing the field
with a slightly brighter field star. Right through the 23rd, the
background stars are fainter, with a reversal on the 24th when
Ceres becomes component “B” of a double.

New to charts and scopes? It's best to make a quick sketch in
a logbook by jotting down four or five stars in a 1° (low-power)
field. Come back the next clear night to see which one has
moved. If nothing has changed, then you found the wrong
field. Just try again — a bit of humble pie is normal.

A leisurely path 4% R

PISCES

Ceres remains close to lota Ceti all month, tracing out a path that should
be relatively easy to follow.

as a thin waning crescent Moon
joins Mercury; the two are 10°
apart. By 6:45 a.M. local time,
they are 9° high. As the sky
brightens, be on the lookout for
Antares in Scorpius, which rises
shortly before 6:30 A.M. and sits
6.5° below Mercury.

The Moon slides to sit 1°
below Antares on the 18th and
rises 55 minutes before sunrise,
a nice challenge for those with a
clear eastern horizon. Look for
Mercury, which should be easy.
The Moon and Antares lie
below and slightly to the right
of the planet. By Dec. 28,
Mercury is magnitude -0.6 but
it is only visible in a bright twilit
sky, rising an hour before the

Sun. See if you can follow
Mercury into the morning on
New Year’s Eve, when it stands
less than 3° high 30 minutes
before sunrise — definitely a
challenge.

Venus and Mars are both
approaching solar conjunction
in early January and are not
visible this month.

The winter solstice occurs
Dec. 21 at 10:03 a.m. EST. »

Martin Ratcliffe is a
planetarium professional with
Evans & Sutherland and enjoys
observing from Salt Lake City.
Alister Ling, who lives in
Edmonton, Alberta, is a longtime
watcher of the skies.
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Spot an

ASTEROID
tonight

Seen the Messiers, Caldwells, and NGCs?
There’s another class of objects waiting

. BY GLENN CHAPLE

IF YOU WERE TO ASK a group of
dedicated amateur astronomers to list
their favorite telescopic targets, few if any
would mention asteroids. That’s easy to
understand. The typical asteroid lacks
the jaw-dropping visual impact of the
Moon or Saturn. Through the eyepiece,
an asteroid is an ordinary-looking stellar
speck. In fact, the word asteroid comes
from the Greek word asteroeides, which
means “starlike.”

My interest in observing asteroids
began in the summer of 1971 when I
came across information in an astron-
omy magazine about the then-visible
asteroid 4 Vesta. Using the accompany-
ing finder chart, I spotted Vesta with a
handheld 6x refractor. A few months
later, another featured asteroid led me to

On Feb. 27, 2020, NASA's OSIRIS-REx
spacecraft captured this image of asteroid
101955 Bennu. NAsA/GODDARD/UNIVERSITY OF ARIZONA

Italian astronomer Giuseppe Piazzi discovered

the first asteroid, 1 Ceres, on Jan. 1, 1801. This
oil on canvas painting of him was made in 1825, the
year before he died. costanzo ANGELINIINAF/WIKIMEDIA COMMONS

8 Flora, which I spotted using a 3-inch
£/10 reflecting telescope (Edmund
Scientific’s classic Space Conqueror).
That observation evolved into a lifelong
quest to notch as many asteroids as pos-
sible with that scope. To date, the Space
Congqueror has lived up to its name by
finding more than 120, including the

first 33 discovered and 64 of the first 100.

More recently, I've upped my game a
notch by adding near-Earth asteroids
(NEAs) to the mix. Because they’re small,
usually less than a few hundred yards in
diameter and therefore relatively faint, I
chase them with a 10-inch f/5 reflector.

Despite their visual shortcomings,
asteroids rank near the top of my favorite
celestial objects. Stay with me, and T'll
explain why you should add them to
your observing repertoire, whether you're
a novice or a seasoned observer.

Asteroids 101

First, let’s get up to speed on these
objects. Webster’s Dictionary defines an
asteroid as a small, rocky celestial body
that orbits the Sun, particularly between
the orbits of Mars and Jupiter. The terms
asteroid and minor planet are often inter-
changed. However, minor planets exist
throughout the solar system. Asteroids
are those minor planets that inhabit the
inner solar system and have a rockier
composition than their icy outer solar
system cousins, the largest of which are
called dwarf planets.
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Asteroids that orbit the Sun between
Mars and Jupiter are known as main-belt
asteroids. These are the remnants of a
planet that failed to form between the
two, thanks to Jupiter’s gravitational
influence. Millions inhabit this so-called
asteroid belt, ranging in size from Vesta,
whose diameter is 326 miles (525 kilome-
ters), to bodies less than 3 feet (1 meter)
across. Throw in bodies with diameters
less than 3 feet, technically defined as
meteoroids, and the population might
number in the trillions. Despite these
numbers, the asteroid belt is relatively
barren — not the jumble of space rocks
the Millennium Falcon had to dodge in
The Empire Strikes Back.

If you've watched doomsday movies
about asteroids striking Earth, you know
that not all are safely ensconced in the
asteroid belt. Asteroids are found
throughout the inner solar system, and
a frighteningly large subset of them, the
NEAs, have orbits that approach and
even intersect Earth’s. NEAs are believed
to have been pushed sunward out of the
asteroid belt either through gravitational
interactions with Jupiter or through col-
lisions with other asteroids. As of mid-
2025, the International Astronomical
Union (IAU) says that more than 38,800
NEAs had been discovered. By year’s
end, that number may well exceed

40,000. Two-thirds of these

The author poses with the two telescopes

through which he's seen a large number of
asteroids. The red telescope is Edmund Scientific's
Space Conqueror, a 3-inch /10 reflector. The larger
scope is a 10-inch /5 reflector. aLenn crapLe

actually cross Earth’s orbit, and of these
more than 2,300 get close enough
(within 20 lunar distances) and are large
enough (300 feet [91 m] or more) to be
considered potentially hazardous aster-
oids (PHAsS).

The formal identification for an aster-
oid is a number in parentheses followed
by its name, for example, (4179) Toutatis.
The parentheses are often omitted — and
even the number may be dropped if the
asteroid is mentioned more than once in
an article. Originally, the number indi-
cated the asteroid’s order of discovery,
but as more and more asteroids were dis-
covered and then lost, they were given a

provisional des-
ignation which
included the
four-digit year
of discovery,

followed by a

letter indicating

the half-month
of discovery and
a second letter
indicating the
order within that
half-month.
(There’s even
an added sub-
script number if a
huge amount of
asteroids are dis-
covered during a

half-month period, but that’s more of an
Asteroids 102 topic.) Toutatis’ provisional
designation was 1989 AC, meaning it was
the 3rd asteroid discovered between
January 1 and 15, 1989. Only after
Toutatis” orbit was well-determined did

it get its official number and name.

Get started

You can begin your asteroid-seeking
odyssey the same way I did, with a
bright main-belt asteroid. As my 3-inch
reflector proved to me, an expensive,
large-aperture telescope isn’t necessary.
Dozens of asteroids reach magnitude
10.5 or brighter during their oppositions,
well within reach of a 2.4-inch refractor.
In fact, bright ones like Vesta are within
reach of binoculars. For info on the
bright, currently-visible asteroid 1 Ceres,
turn to page 35. There, you'll find infor-
mation about Psyche, including a map
to help you find it.

With map in hand, go outside and
aim your telescope toward Ceres’s pre-
dicted position. If you see a starlike
object there, congratulations! You've
spotted your first asteroid. The sight may
not have given you an adrenaline rush,
but you have to admit it’s a pretty satisfy-
ing achievement. If you're like me and
want to make sure you've found the “real
deal,” you may want to observe the aster-
oid on subsequent evenings. If the star-
like speck you saw is no longer there and
it now appears in an area of sky that was
previously blank, you can be 100 percent
sure you've made the observation.

If viewing your first asteroid gives
you a thirst for more, you can try again
next month with the featured asteroid
in the next issue of Astronomy. Can’t
wait? There are several websites that
provide information and finder charts
on currently visible asteroids. Try
astro.vanbuitenen.nl/asteroids,
sky-tonight.com/asteroids, or
in-the-sky.org/data/asteroids.php.

By and large, the asteroids we’re talk-
ing about so far are main-belters. At their
opposition distance, anywhere between
112 million and 205 million miles (180
million and 330 million km), their appar-
ent motion is rather small, perhaps 15°

This sketch from the author's asteroid notebook shows the movement of
minor planet 2011 UL21. Note that he recorded the date, time, limiting
magnitude, and the telescope/eyepiece combination he used. aLenn crapLe
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lunar distances (LDs), and
the diameter in meters.

e Qﬁ Ideally, you’ll want an
= NEA whose miss distance
e 2 is less than 5 LDs and
e whose diameter exceeds

300 meters — in other

words, one that will be
bright enough (14th
magnitude or better) to
pick out with an 11-inch
or larger scope. Be sure

B to jot down the date of
closest approach.
oat
The next step is to
~XT, \ find out where in the
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When the author isn't observing

asteroids, he's still thinking about them,
as this cartoon that he created many years
ago shows. aLenn crapLe

This image of asteroid (now dwarf

planet) 1 Ceres was captured by
NASA's Dawn spacecraft May 4, 2015, at a
distance of 8,476 miles (13,641 km). nasanpL-

CALTECH/UCLA/MPS/DLR/IDA/JUSTIN COWART (CC BY 2.0)

(one Moon diameter) in 24 hours.
This makes them relatively easy pick-
ings for the novice. The typical NEA, on
the other hand, can cover that distance
in a single hour or less. These moving
targets require a little more experience.
If you're up to chasing down one of
the NEAs, start with the spaceweather.
com website. Scrolling down, you’ll find
a section labeled “Near Earth Asteroids,”
which includes a list of recent and
upcoming NEA encounters spanning
roughly two months. Despite its close-
ness, the typical NEA is rather small and
faint, best seen with medium- to large-
aperture instruments. To find the most
reachable NEAs, focus in on two col-
umns: the miss distance, expressed in

o
AT oW eLEscart

be. A go-to source for
this information is
the IAU’s Minor
Planet and Comet
Ephemeris Service

(https://minorplanetcenter.net/iau/
MPEph/MPEph.html). In the appropriate
spaces, type in the asteroid’s identity (for
most NEAs, the discovery nomencla-
ture), an ephemeris start date (I suggest
one day before close approach), and
request its hourly coordinates over a
48-hour period. Using these coordinates,
trace the asteroid’s path on a star atlas,
looking for instances when it passes a
bright star or distinguishable asterism.
Finally, I tailor-make and print out a
chart using the American Association of

Variable Stars Variable Star Plotter
(https://apps.aavso.org/vsp — check it
out, it’s a neat and free tool) on which I
plot the asteroid’s locations from an hour
before until an hour after its encounter
with the star or asterism. It’s important
that my chart include stars up to a mag-
nitude fainter than the asteroid.

What to expect

To describe what happens next, let me
put you at the eyepiece as the NEA
makes its appearance. You're gazing at
the asterism you chose as an ambush
site. It’s still a few minutes away from the
time of the asteroid’s predicted passage.
You see nothing yet. The minutes pass.
Still nothing! Could the predictions have
been off? Then you spot it at the edge

of the eyepiece field — a stellar speck
moving slowly towards the asterism.

You realize that this innocent-looking
speck is in reality an asteroid the size of
a battleship passing 4 LDs (about a mil-
lion miles) from Earth at a speed of sev-
eral miles per second.

Were it to drift directly across the
Earth’s orbital path at that distance, it
would miss us by a matter of hours.
An impact on land would create a

crater more than 2 miles (3.2 km)

across and cause millions of casu-
alties if it struck a populated area.
A hit in the ocean would generate
tsunamis hundreds of feet high,
creating an even greater loss of
life in coastal communities.

Regardless of where it hit, the
asteroid would affect weather pat-
terns on a global scale. Eye glued to
the eyepiece, you take a deep breath.

Then it passes, and all is well.
Whenever it has been announced that
a near-Earth asteroid will make a close
pass, I check to see if it’s included in the
database of the planetarium software I
use, Sky Safari Pro. If it is, I center the
object, then let time pass, watching for
easy-to-find and easy-to-identify aster-
isms along its path. Then, I locate the
asterism in my eyepiece and wait for the
asteroid to come to me. I have found this
to be a successful method for spotting
these faint space rocks. Good luck! »

Glenn Chaple is a contributing editor of
Astronomy who has tracked down celestial
objects large and small for many years.
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Stars lost to

“Bright star, would I were steadfast as thou art.” —john Keats

Star maps and charts are a
mainstay of both amateur
and professional sky observ-
ers. Whether it’s on a simple
seasonal map or in a compre-
hensive atlas, the stars listed

appear steadfast and constant.

Yet there are stars that have
appeared in these publications
and then vanished. Some have
been misplaced or even just
imagined. Understanding how

stars can be lost — and some-
times found — is like reading
an intriguing mystery.

Nova stella

On a cold November night in
1572, the young astronomer
Tycho Brahe was walking
home. It had been cloudy

for a few nights but was now
clear. Tycho knew the stars
well and was scanning the
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sky when he saw a star in the
constellation Cassiopeia that
he had not seen there before.
Tycho had been raised and
educated in Aristotelian,
geocentric cosmology. The
Church taught that the
universe was eternal and
unchanging. So how could
a new star appear in the
heavens?

Tycho and other

astronomers carefully mea-
sured the position of the new
star. In 1573, he published

a book titled De Nova Stella,
extolling his observations and
ideas about this astounding
star. He included a star map of
Cassiopeia denoting the nova
with the letter I. Observations
from across Europe helped to
determine that the new star
was in a sphere well beyond
the Moon, shaking the founda-
tions of astronomy.



There’s a long list of celestial
lights that have gone missing.

&5 Lacerta
wrneE LIZARD
e

4\ This image of Tycho's supernova combines
data from NASA's Chandra X-ray Observatory
and the Digital Sky Survey. xray: Nasa/cxc/RIKEN &
GSFC/T. SATO ET AL; OPTICAL: DSS

é This 1835 star map by Elijah Hinsdale
Burritt shows two “lost” constellations. Musca |
(later called Musca Borealis to distinguish it |
from the current Southern Hemisphere |
constellation) is on the far left, and Gloria

Frederica lies at top center. michaeL . BakicH /

9 The largest star at the top, labeled |,
indicates where Tycho Brahe noted the

position of the supernova of 1572 on this
Chart. TYCHO BRAHE/WIKIMEDIA COMMONS

By 1574, Tycho’s star had
faded from view and was

seemingly lost forever. But

32 years later a similar story
played out all over again. In
the autumn of 1604, Johannes
Kepler, astronomer and astrol-
oger to Emperor Rudolph II,
was awakened in the middle
of the night to a story of a new
star glimpsed through the
cloudy skies of Prague. By
Oct. 17, the clouds were gone
and Kepler saw the new star

shining brightly in the con-
stellation Ophiuchus. Kepler
was not the first to see this
new star, but his observations
and ideas would be signifi-
cant. Tycho Brahe had
achieved fame with his star,
and now Kepler had his
chance.

Visible low in the south-
west, the star appeared just
above Jupiter. Mars and
Saturn were also part of the
celestial show. In his 1606

book De Stella
Nova in Pede
Serpentarii, Kepler supported
the idea that his new star was
also far beyond the Moon. As
with Tycho’s star, this appari-
tion faded from view and was
lost to observers. We now
know that both new stars
were type I supernovae.

Celestial confusion
Looking like diamonds in
the sky, the Pleiades (M45)

are perched on the back of
Taurus the Bull. This cluster

has one of the longest histo-
ries of documentation of any
star group. Its brightest stars
are regarded as seven sisters
or maidens in many cultures.
According to Greek myth,
these stars represent the
seven daughters (Alcyone,
Asterope, Celaeno, Electra,
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Maia, Merope, and Taygeta)
of Atlas and Pleione, all of
whom have named stars in

the cluster. On a clear moon-
less night, the unaided eye
can perceive stars as faint as
6th or 7th magnitude. The
brightest Pleiads range from
about 3rd magnitude to the
edge of visibility at 6th mag-
nitude. Most people can see
at least six, but not everyone
can easily see all seven, lead-
ing to myths worldwide
about the “lost Pleiad.”

But which Pleiad is the
elusive one? Three have been
suggested. Electra looms
large in stories of Troy and its
destruction. Legends say that

as the city burned, she cov-
ered her face with a veil,
making it difficult to see her.
At magnitude 3.7, however,
her star is fairly easy to spot
in a dark sky.

Merope is most often
associated with the lost
Pleiad. She shamed her par-
ents by marrying a mortal
and then hid herself in
shame. However, like Electra,
Merope’s star should be vis-
ible without much effort at
magnitude 4.2.

Pleione, the girls’ mother,
may actually be the best can-
didate. To see this star, you
need a truly dark sky and
sharp eyes. Pleione can be
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/I\ Mira (Omicron Ceti) is a star that
has disappeared and reappeared
many times throughout history.
ASTRONOMY/RICHARD TALCOTT AND ROEN KELLY

é Could one of these stars in the
Pleiades (M45) be the so-called “Lost
Pleiad"? The mystery of the missing
sister is a tough one to solve. chris scHur

hard to spot because it is nes-
tled only 5' from Atlas.
Pleione is also a variable star,
ranging from magnitude 4.7
to 5.5. Could this be the miss-
ing star? The mystery may
never be solved.

Cosmic hide

and seek

Some stars like to play peek-
a-boo. One of the most
famous is the variable star
Mira (Omicron [0] Ceti) in
Cetus the Whale. Mira is a
pulsating variable star that
fluctuates between 2nd and
10th magnitude. Its variable
nature was discovered by
David Fabricius in August
1596. He chose Omicron in
Cetus as a reference star to
help track what he thought
was the planet Mercury.

At the beginning of the
month, the star was about 3rd
magnitude but in a matter of
weeks, it increased to 2nd
magnitude. Over the next few
months, the star faded and

disappeared and was lost from
view. The invention of the
telescope was still more than
a decade away, so Fabricius
had no way of observing the
star at its faintest.

The 17th-century astrono-
mer Johannes Hevelius worked
out the star’s 11-month cycle
and named it Mira, which
means “wonderful.” We now
know that Mira is a 6-billion-
year-old red giant star nearing
the end of its life. Other Mira-
type stars can be followed
through their disappearing
acts. Chi (x) Cygni pulsates
from an easily visible magni-
tude 3.3 to an incredibly faint
14th magnitude. Not far from
Regulus (Alpha [o] Leonis) is
another red giant, R Leonis,
that swings between 4th and
nearly 12th magnitude every
312 days.

Until astronomers came to
grips with the physics of stel-
lar evolution and understood
what powers such stars’ cycles
of variability, these stars were
truly lost and found again and
again.

Cosmic confusion
A star doesn’t need to disap-
pear to confuse astronomers,
however. Sometimes, record-
ing and naming celestial
objects can create prob-
lems. For example, Charles
Messier’s famous catalog of
109 “fuzzy” objects contains
a few mysteries. Today, M47
in the constellation Puppis

is listed as a galactic star
cluster. Messier described

it as a fairly bright cluster
not far from M46. However,
using Messier’s coordinates to
search for this object reveals
no cluster at all — it seems to
have been lost.

In the late 19th century;,
the astronomer J.L.E. Dreyer
began to sort out the astro-
nomical catalogs compiled by
Messier, William Herschel,
Lord Rosse, and others. It
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must have been a daunting
task. Dreyer assigned a star
cluster very close to M46 as
NGC 2478. Messier, or those
who copied his catalog for
publication, may have pro-
vided faulty coordinates;
NGC 2478 is now assumed
to be what Messier originally
observed. Dryer’s original
New General Catalogue con-
tained nearly 8,000 objects,
but it also incorporated
duplications and errors made
by past observers. The
Revised NGC Catalogue has
been corrected and updated,
solving many mistakes and
mysteries like M47.

Using your
imagination

Sometimes the stars them-
selves don’t disappear but
what they represent does.
Every culture has used imagi-
nation to populate the sky
with constellations. There are
now 88 official constellations,
but that hasn’t always been
the case. The ancient Greeks
visualized 48 constellations.
All but one — Argo Navis —
still endure on modern star
charts. Over the centuries,
European astronomers added
more constellations, some of
which remain while others
have been lost.

The 17th and 18th centu-
ries saw many constellations
added to the original 48.
French astronomer Nicolas-
Louis de Lacaille came up
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with 14. Edmond Halley, of
comet fame, created Robur
Carolinum (Charles’ Oak) in

honor of England’s Charles II.

(During the English Civil
War, Charles hid in a great
oak tree to escape capture.)
Halley wanted to impress

the king who had paid for his

expedition to the Southern

Hemisphere by giving Charles

a place in the heavens. The
Oak was near Argo Navis in
the southern sky. Both are
now lost and mostly forgot-
ten, their stars reassigned to
other constellations by later
astronomers.

Searching for light
Constellations may van-

ish from star maps, but the
stars remain. Or do they? At
the Institute for Theoretical
Physics in Stockholm,

el a TV
f t\'.-‘...“‘_;.r!.

Sweden, a team of research-
ers led by Beatriz Villarroel
is searching for stars that
may have vanished. Project
VASCO (Vanishing and
Appearing Sources during a
Century of Observations) is
designed to search for these
missing stars.

Most disappearing stars,
like Tycho’s star of 1572, have
been found. The expanding
shell of Tycho’s star was pin-
pointed by radio astronomers
at Jodrell Bank Observatory
in England in 1952. Even the
supernova of 1054, which
created the Crab Nebula
(M1), has been pinned down.
These disappearing stars and
others like them have left
traces. But can a star vanish
without leaving any evidence
that it ever existed?

Villarroel and her team

/]\ The bright open cluster M47 in Puppis is a naked-eye object to most
observers from a dark site. Yet because of Messier's incorrect coordinates, it
was “lost” to astronomers for over two centuries. seanHarp HusL

/I\ Johannes Kepler plotted the
position (labeled N) of the supernova of
1604 on this star map from his De Stella
NOVa. JOHANNES KEPLER/WIKIMEDIA COMMONS

e The defunct constellation Robur
Carolinum (Charles’ Oak) appears at the
bottom right of this star map published
in 1690 by Johannes Hevelius. 1an
HEWELIUSZ/WIKIMEDIA COMMONS

have found around 800 candi-
dates for vanishing stars.
Many of these may be super-
novae, but there are some
other intriguing suggestions
to explain why some stars
leave no trace when they dis-
appear. Some supermassive
stars might collapse rapidly
into black holes. Another idea
invokes an advanced alien
civilization surrounding its
home star with a Dyson
sphere, capturing all of its
energy but blocking the radi-
ant light of the star.

When viewing a beautiful
star-filled sky, we feel calm
about the apparent unchang-
ing nature of the universe.
That feeling is shattered when
“new” stars appear or vanish.
But we now understand that
the universe is dynamic: In
the cosmos, nothing lasts for-
ever and many mysteries wait
to be solved. Bright stars may
not be steadfast after all, but
our curiosity is. «

Contributing editor Raymond
Shubinski /oves Sherlock
Holmes, Agatha Christie, and a
good cosmic mystery. He never
knows where it might take him.
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Astronomy
tests ZW0O'’s

oeestar S30

With sharp optics, precise tracking, and a
built-in filter set, this scope offers a great way

to get into imaging.

The smart telescope revolution

continues to grow, with ZWO as
one of the leading innovators. Last year,
the company introduced the least expen-
sive “smarty” yet: the Seestar S30.

The S30 is a compact, all-in-one astro-
imaging system. Like its larger sibling,
the Seestar S50, the S30 includes pretty
much everything you need to capture
impressive images of your favorite deep-
sky objects. It comes with a small table-
top tripod, a USB-C charging cable,
and a solar filter, all neatly stored in a
custom-fitted soft case.

What's inside
At the heart of the Seestar S30 lies a
30mm f/5 apochromatic triplet lens,
incorporating extra-low dispersion (ED)
glass to minimize chromatic aberration
and deliver sharp, high-contrast images.
Its focal length of 150 millimeters is
well-matched to the sensor and produces
a field of view ideal for capturing large
swaths of the sky (1.22° x 2.17° in normal
mode).

The S30 is more than just optics —
it’s a fully integrated imaging platform.
Internal motors control the mount and
lens assembly, providing quiet, precise
tracking slewing to targets. These motors
are fast and responsive, which helps the
telescope quickly acquire new targets and
keep them centered during long imaging

44 ASTRONOMY = DECEMBER 2025

sessions. There’s no need for users to
worry about polar alignment or locating
objects; once set up, the Seestar does the
heavy lifting.

Adding to the ease of use are
the Seestar’s internal filters.
Besides a permanent UV/
IR-cut filter, there is also
a dual-band (Ha/OIII)
filter for imaging
emission nebulae and
a filter for taking
dark frames to
reduce noise in

The author captured each of these objects with
the Seestar S30. He then processed each image
with GIMP. pHiL HARRINGTON (4)

lithium battery. On a full charge, the
Seestar S30 can operate for up to six
hours (less in cold weather). This is more
than enough for a typical evening, espe-
cially since the telescope goes into a low-
power idle state when not actively
imaging. The battery charges via an
included USB-C cable. It’s also
possible to run the telescope
from an external power pack
for even longer times, as I
did for sunset-to-sunrise
imaging sessions.
Internal storage
rounds out the
S$30’s design. The
device includes

long exposures. 64 GB of inter-
These filters nal memory,
automatically - 50 GB of which
deploy depend- \ is available for
ing on the target data storage.
selected in the Images are saved
app, though directly to the telescope

users have the
option to select
or deselect the
dual-band filter.
Powering all
this technology M
is a built-in
rechargeable

ZWO's Seestar S30
is a highly portable,
self-contained imaging
system at an attractive
price. zwo

and can be viewed, down-
loaded, or shared later via
the companion
app. Files can
also be uploaded
directly to a
computer with
the USB-C cable.
All of this is
housed in a
cleanly designed
durable white
plastic




body. The S30 weighs only 3.6 pounds
(1.7 kg) and measures just 8.3 by 5.5 by
3.2 inches (21 by 14 by 8 cm). That’s light
enough to fit in a backpack, making it
perfect for star parties and camping
trips. It’s also an ideal travel companion.

Setup and use

One of the Seestar S30’s greatest
strengths is how easy it is to get up and
running. Everything arrives securely in
the custom carrying case.

On my first night, I set up the S30
before sunset to connect it to my phone
(a tablet works, too). Initial setup involves
pressing and holding the telescope’s
power button until it beeps twice and
announces, “Ready to Connect.” It then
connects to the Seestar app via the S30’s
internal Wi-Fi network. This “Access
Point Mode” is ideal for first-time use.

For future sessions, however, “Station
Mode” allows the S30 to connect to your
home Wi-Fi network. This mode enables
more stable and extended-range opera-
tion and helps with updates.

The Seestar app’s intuitive interface is
divided into a star atlas, object catalog,
image gallery, and imaging controls. The
star atlas is a map that overlays the posi-
tions of objects based on your location
and time. Tapping on any one brings up
a detailed description, an image preview,
and a “GoTo” button that centers the tar-
get. The app also offers an optional “EQ
mode” to reduce field rotation during
long exposures.

After the scope self-aligns to the sky,
aiming the S30 and taking images is as
simple as selecting a target, framing the
shot, and pressing “Capture.” The Seestar

then begins an automated imaging
sequence. It takes multiple short expo-
sures and stacks them in real time.

ZWO includes a scheduling feature
that let me plan a night’s imaging session
in advance by queueing up a list of
objects, and setting start and end times.
After dark, all T had to do was choose
“Execute” and the Seestar operated
autonomously throughout the night.

Image quality can be enhanced using
the app’s AI Denoising function. This
feature reduces background noise while
preserving detail. The Seestar’s Al algo-
rithm is remarkably refined. Nebulae
maintain their structure, stars remain
sharp, and the background becomes
smoother and more natural looking.
Image quality may be further enhanced
using third-party apps.

Imaging
When I aimed the S30 skyward, my first
target was the Hercules Cluster (M13).
As each 10-second subframe was added
to the image, I watched on my phone’s
screen as the cluster resolved beautifully
into pinpoints. I was amazed that the S30
also recorded the 12th-magnitude galaxy
NGC 6207 that lies %° northeast of M13,
as well as the 13th-magnitude galaxy
IC 4617, which sits %° to the cluster’s
northeast. Not bad for a 20-minute total
exposure using a 30mm aperture under
light-polluted suburban skies.

I was impressed with images of sev-
eral showpieces, including Bode’s Galaxy
(M81) and the Cigar Galaxy (M82), the

PRODUCT INFORMATION

ZWO Astro Seestar S30
Aperture: 30 millimeters
Lens: Apochromatic triplet
Focal ratio: f/5
Focal length: 150 millimeters
Sensor: IMX662
Resolution: 1920x1080
Mount: Alt-azimuth
Slew rate: 1x to 1440x
Dimensions: 8.3 by 5.5 by 3.2 inches
(21 by 14 by 8 cm)
Weight: 3.64 pounds (1.65 kg)
Price: $399
Contact: ZWO
Moon Bay Road 6#
Suzhou Industrial Park
Jiangsu Province, China
+86-512-6592-3102

Whirlpool Galaxy (M51), the Needle
Galaxy (NGC 4565), and the Southern
Pinwheel Galaxy (M83). Each revealed
detail that belied the 30mm aperture.
The $30 also captured stunning
images of nebulae. Despite the presence
of a nearly Full Moon low in the sky,
both the Witch’s Broom (NGC 6960) and
the Eastern Veil Nebula (NGC 6992)
turned out beautifully. After using the
Al-based denoising to reduce image
noise, I imported each image into GIMP
(a free and open-source image editor) to
enhance them. This revealed details that
weren’t visible in the original images.

Conclusion

ZWO has another big winner with the
Seestar S30. The S30 is an outstanding
combination of optics, automation, and
user-friendly software all at an amazingly
low price. Its compact design, advanced
features, and intelligent app make it one
of the most approachable smart tele-
scopes on the market today. Whether
you're just wading into the shallow end
of the astroimaging pool or looking for
a compact, travel-friendly companion to
a larger rig, the Seestar S30 promises an
enjoyable experience under the stars. I
only wish I had one when I first started
out on my own astronomical journey. »

Phil Harrington /s a contributing editor of Astronomy and an equipment guru who always
wishes products came out 20 years before they appeared.
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OBSERVING BASICS

Can you 3D-print
a telescope?

This project will generate lots of chatter at events.

The author and her
3D-printed telescope
at the Rocky Mountain
Star Stare. moLLy wakeLING

BY MOLLY WAKELING
Molly is an avid
astrophotographer
active in STEM
outreach. She has

a Ph.D. in nuclear
engineering.

Since 3D print-
ing became
accessible to the

average consumer in the
2010s, the internet has
exploded with printable
designs from creators
around the world. Sites
like Thingiverse and
Printables host millions of
downloadable files, and
decent printers can be had
for as little as $200. I got a
Prusa i3 Mk3s+ for
Christmas in 2022 and
have scarcely stopped
printing since. One of my
most ambitious projects so
far? A fully functional
8-inch f/5 Newtonian

One of the
components of the
Leavitt comes to life
on the author's 3D
printer. MoLLy wakeLING

most printers. I
used OSB circles
and 2x4s, painted
black with a
sparkle additive
and splattered
with glow-in-
the-dark paint
for a starry effect. Instead of metal truss tubes, I opted
for lightweight pultruded carbon fiber rods. The scope
itself weighs just 8 pounds (3.6 kg), and the base
16 pounds (7.3 kg). Bungee cords create adjustable fric-
tion for the altitude axis, and Teflon furniture feet
ensure smooth azimuth movement.

The focuser is unique: A threaded tube moves in and
out by rotating a ring and is locked by two thumbscrews.
The eyepiece is secured via a collet and nut. My only
complaint is that the thread pitch is too fine — it takes
many turns to change focus between eyepieces.

So, how does it perform? I tested it out at the Rocky
Mountain Star Stare in Colorado this June and was
impressed! Stars were sharp to the edges, collimation

was easy and stable, and views were what

telescope.

This 3D-printed
Dobsonian,
called the

you’d expect from a solid 8-inch. It even won

Leavitt after Stars were an award in the star party’s amateur

astronomer sharp to telescope-making competition.

Henrietta Swan the edges Cost-wise, it ended up being more
Leavitt, was designed by a Printables user . . expensive than I’d hoped — you could get
named Novel Tinker. Not every component collimation a larger manufactured Dob for about the
is printed, of course — I had to buy metal was easy same price. A few printing mistakes and
fasteners, springs, glue, truss rods, and the and stable, broken parts meant I needed extra fila-
mirrors. But Novel Tinker provided a and views ment, and ordering fasteners from Amazon
detailed partslist and assembly instructions, forced me to buy more than I needed. Local

were what

even recommending a specific set of mirrors
from eBay. (Any 8-inch mirror will work,
though, and you can adjust the truss length
to accommodate faster focal ratios if desired.)

For printing, I used a carbon fiber High-

you'd expect
from a solid
8-inch.

hardware stores might have saved me some
money there.

So, why spend all the time, money, and
effort making a 3D-printed telescope when
I already own a nice 12-inch Dob? Simple:

Temperature Polylactic Acid (HTPLA) com-
posite from Protopasta instead of regular PLA. While
more expensive at $80 per kilogram, it is more rigid and
less reflective than regular PLA. Most importantly, itis
heat treatable. Regular PLA softens around 120 degrees
Fahrenheit (48.9 degrees Celsius), which isn’t ideal for
gear left in a hot car at summer star parties. Heat-
treated PLA will stay rigid until 310 F (154.4 C).

The base is made from wood because it’s too large for

It was fun! The challenge was rewarding,
and the novelty will be a hit at star parties and out-
reach events. Plus, it’s modular — any part can be
redesigned and reprinted as needed. If you have a 3D
printer and want a fun, satisfying project, I highly
recommend giving this telescope a try. Good luck! »

(v

BROWSE THE "OBSERVING BASICS" ARCHIVE AT
www.Astronomy.com/author/molly-wakeling
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NEW PRODUCTS

Observe from a table

Celestron
Torrance, California

Celestron’s Moon Mission
100mm Tabletop Dobsonian
is a 4-inch f/4 reflector.

It comes with two
MH‘ ~ eyepieces, a finder
M scope, and a

Moon filter. The
assembled unit
weighs 5.3 pounds
(2.4 kilograms),
and the optical tube
measures 14.2 inches
(361 millimeters) long.

$109.95
1-310-803-5955

Complete system

Explore Scientific
Springdale, Arkansas

Sharp view

Tele Vue Optics
Chester, New York

The 19mm Nagler
Type 7 eyepiece
offers a mix of
sharpness and
correction. It

Explore Scientific’s ED80-
FCDI100 Refractor is available in
a kit that comes with a 0.8x focal
reducer, changing the focal ratio
of this 4-inch scope from £/6 to
f/4.8. The company also includes contains seven
its go-to mount, a 2.5-inch lens elements,
focuser, a 2-inch diagonal, and has an 82°

two counterweights. apparent field of
view, and weighs
19.6 ounces

(556 grams). It
has 19mm of eye
relief and comes
in a 2" model.

$1,399.98
1-866-252-3811
www.explorescientific.com

' www.celestron.com $635.00 %
Attention, 1-845-469-4551 g
manufacturers: https://televue.com g
To submit a product ®
for this page, = &
email products@ i £ i
astronomy.com. L £
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Cosmic
jets

A Astrophysical jets are rapid outflows from a
central object that become focused into a nar-
row cone.

Jets are everywhere in astrophysics: They occur near
supermassive black holes like the 6-billion-solar-mass
monster at the center of the giant elliptical galaxy M87
in Virgo (see the image at lower left) as well as near
stellar-mass black holes, such as the more-than-10-solar-
mass black hole in GRS 1915+105 in Aquila. Jets are
found at neutron stars in supernova remnants like the
famous Crab Nebula (M1), whose blast was seen in the
year 1054, and also near neutron stars that draw mass
from nearby companions, like Circinus X-1. Jets are also
observed in gamma-ray bursts that originate from black
holes and neutron stars. And they are seen near sub-
solar-mass young stars such as the famous object
Herbig-Haro 30 (see the image at upper left), which, as
captured by the James Webb Space Telescope, looks like
abeam from the Death Star.

These objects differ in size, temperature, luminosity,
and nearly every other respect. But all contain jets.

The origin of jets is not yet fully understood. It is the
subject of controversy, theoretical attention, and the
target of countless hours of research telescope time. At
least two ingredients, however, are probably needed to
make jets: rotation and magnetic fields.

First, the central object (black hole, neutron star,
ordinary star, etc.) must rotate, acting as a flywheel from
which energy can be drawn to power the jet. That central
object is invariably embedded in hot, ionized gas, in
which the atoms have been stripped of some of their
electrons. This makes the gas highly electrically conduc-
tive. Because the gas is conductive, it can interact with
magnetic fields. The fields are caught by the central
object (even if it is a black hole!) like ribbon caught on a
rotating spindle.

The magnetic field connects the central object to the
surrounding gas, pushing on the gas and causing it to
rotate until is far from the central object. The field also
draws gas inward toward the axis of rotation, focusing
the outflow into a jet.




This is just part of the story, because
jet sources are so different. But rotation
and magnetic fields, which are also
everywhere in astrophysics, seem to have
a part in all of them, and produce the

ubiquitous laserlike jets we see.
Charles F. Gammie
Ikenberry Chair in Astronomy and in Physics,
University of lllinois Urbana-Champaign

A Stellar spectral types originally followed alpha-
betical order. But as astronomers observed
more stars and obtained more detailed spectra, they
consolidated some categories and reordered the
remaining ones. This left seven basic stellar types, des-
ignated OBAFGKM, which generations of astronomers
and science-fiction readers have learned through the
mnemonic “Oh, Be A Fine Girl (or Guy), Kiss Me.”

In 1866, Angelo Secchi, a Jesuit astronomer working
at the Vatican Observatory, surveyed some 4,000 stars
and classified them by the visual appearance of their
spectra. He divided stars into four broad, numbered
categories based on common spectral features.

Henry Draper, an American physician, amateur
astronomer, and pioneer in photography, recorded the

AT LEASTTWO
INGREDIENTS
ARE PROBABLY
NEEDED TO MAKE
JETS: ROTATION
AND MAGNETIC
FIELDS.

photographic techniques in astronomy.
This fund paid for the largest effort to
classify stellar spectra attempted at the
time — and the one that established the
peculiar spectral alphabet we have
today.

Between 1886 and 1897, Edward C.
Pickering of Harvard College
Observatory led a survey in which stel-
lar spectra were photographed and
classified by the thousands. Initially,
Pickering assigned each spectral typea
letter of the alphabet based on the strength of the star’s
hydrogen, with A being the strongest. The result of this
monumental effort, the Henry Draper Catalogue, was
published between 1918 and 1924 and classified 225,300
stars; later extensions brought the total to 359,083.

Under Pickering’s supervision, his co-workers —
particularly Williamina Fleming, Antonia Maury, and
Annie Jump Cannon — gradually sorted out spectra,
rearranging and combining some of the original cat-
egories. One motivation was to organize spectra so they
created smooth transitions
between different types. The final

OPPOSITE PAGE, TOP:
Herbig-Haro 30 houses
a young star at the
center and is hidden
by a thick disk of

gas and dust, seen
edge-on in this JWST
image. Issuing from the
star is a concentrated
jet of gas, colored
magenta. esa/wess, NASA &
CSA, TAZAKI ET AL.

OPPOSITE PAGE,
BOTTOM: This Hubble
image of the giant
elliptical galaxy M87
shows the 3,000-light-
year-long jet generated
by the galaxy's central
supermassive black
hole. nasa, Esa, A. LEssING
(STANFORD UNIVERSITY), E. BALTZ
(STANFORD UNIVERSITY), M. SHARA
(AMNH), J. DEPASQUALE (STSCI)

BELOW: HARVARD COLLEGE
OBSERVATORY/IMAGE FROM
UNIVERSITY OF CALIFORNIA,
DIGITIZED BY INTERNET ARCHIVE

order actually reflects the surface ~ U
temperatures of stars, with O il o T
stars being the hottest, but the A
Harvard astronomers didn’t P RaH oare
realize it at the time. .y &

Francis Reddy

Senior Science Writer,

Astrophysics Science Division at
NASA’s Goddard Space Flight Center,
Greenbelt, Maryland

ET 4

e
amea

CT—
i

first image of a stellar spectrum (Vega) in August 1872.
After Draper’s death in 1882, his wife Anna established - ot
a memorial fund to support the development of

STELLAR SPECTRAL CLASSES

Class | Surface temperature (kelvins) | Spectral characteristics Example

(0] 28,000-50,000 lonized helium; weak hydrogen lines Alnilam

B 10,000-28,000 Neutral helium; stronger hydrogen lines Spica

A 7,500-10,000 Strong hydrogen lines; plus magnesium, calcium, iron Sirius

F 6,000-7,500 Weaker hydrogen lines; singly ionized and neutral metals Procyon

G 4,900-6,000 lonized calcium strongest; weaker hydrogen than F Sun

K 3,500-4,900 Neutral metal lines predominate Arcturus

M 2,000-3,500 Strong in neutral metals and molecules Betelgeuse, red/brown dwarfs

L 1,300-2,000 Neutral alkali metals, hydrides 2M1507 (brown dwarf)

T <1,300 Methane and sodium absorption Epsilon (€) Indi Ba (brown dwarf)

The tinted background illustrates star color for each spectral type.
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Over time, Earth’s
gravity has reduced
the Moon's rotational
rate until our satellite
rotates on its axis at
the same rate it
revolves around
Earth, a situation
known as tidal
locking. asraonomy: Roen
KELLY, AFTER CAROLINE HASLER

TIDAL LOCKING

Direction of

TOP-DOWN VIEW Moon's orbit

Moon's rotation —
Torque

Earth's greater gravitational
pull on the nearer tidal bulge
produces a torque that slows

down the Moon's rotation.

SEND US YOUR
QUESTIONS

Send your

astronomy questions
via email to askastro
@astronomy.com.
Be sure to tell us

your full name and
where you live.
Unfortunately, we
cannot answer all
questions submitted.

A When the Moon first formed, it was a sea of

molten lava. The immense gravity of Earth
stretched this molten sea, raising tides on both the
near and far sides.

But the Moon was spinning, and that rotation car-
ried the tides away from a direct line pointing toward
Earth. So, from Earth’s perspective, there was an extra
lump of material sitting slightly on either side of a line
connecting the center of Earth with the center of the
Moon. The gravity of Earth tugged on these lumps,
trying to bring them back into alignment (i.e., so that
the nearer bulge pointed directly at Earth, rather than
slightly away). This produced torque, or an additional
rotational force, that slowed down the Moon’s
rotation.

At first this tugging wasn’t successful because the
Moon had more than enough rotational energy to
overcome the torque from Earth’s pull and keep spin-
ning. But over time, Earth slowly won and the Moon’s
rotation slowed down.

This process continued for millions of years until

50 ASTRONOMY = DECEMBER 2025

Not to scale

the lumps — the tides raised by Earth’s gravity — sat
permanently on a direct line facing Earth. To achieve
this, the rotation of the Moon had to synchronize with
its orbit, so that it always presents the same face to
Earth.

It wasn’t until Oct. 7, 1959, that the Soviet Luna 3
spacecraft gave humanity its first-ever look at the far-

side of the Moon.
Paul Sutter
Cosmologist, Johns Hopkins University, Baltimore

A Some stars in our galaxy, known as hypervel-
ocity stars, move much faster than most other
stars in the Milky Way. In fact, they are traveling so
fast that our galaxy’s gravity can’t hold onto them and
eventually they will escape into intergalactic space,
never to return.
Scientists believe many hypervelocity stars are flung




out when two stars orbiting each other (a binary star
system) get too close to the enormous black hole at the
center of the Milky Way, called Sagittarius A*. The black
hole’s powerful gravity can tear the pair apart, capturing
one star while slingshotting the other away at thousands
of miles per second — far faster than our Sun’s orbital
speed of nearly 140 miles (220 kilometers) per second.

If all hypervelocity stars came from the center of the
Milky Way in this way, we’d expect to see them scattered
evenly across the sky. However, a surprising number
have been found in one particular area: the constellations
Leo and Sextans. A 2017 study suggested that those
hypervelocity stars may have been ejected from a differ-
ent source: the Large Magellanic Cloud (LMC), a small
neighboring galaxy orbiting the Milky Way.

This could happen if one star in a binary system
explodes as a supernova. Normally, binary stars orbit
each other at high speeds to avoid crashing. But when
one star explodes, the other can fly away at its orbital
speed. Since the LMC itself is moving at 250 miles
(400 km) per second, depending on the ejected star’s
direction, its speed (as seen by us) could add up to match
that of hypervelocity stars caused by interactions with

Sagittarius A*. And we’d see them all in the area of Leo
and Sextans because the stars are ejected along the orbit
of the LMC, which flings them in the direction of these
particular constellations.

Interestingly, when a supernova explodes, it doesn’t
destroy its companion star — or any planets that might
be orbiting it. While a nearby supernova would be dan-
gerous to life on Earth by damaging our atmosphere
with high-energy radiation, it wouldn’t physically
destroy the planet. Similarly, a companion star might
lose some of its outer layers due to a nearby supernova,
but the star’s self-gravity keeps the bulk of it intact. In
fact, many binary stars stay together even after a super-
nova, forming what are known as X-ray binaries, where
a normal star orbits a dense neutron star or black hole
that formed from the core of the star that exploded as a
supernova. In such X-ray binaries, the strong gravita-
tional tides from the neutron star or black hole rip off
the outer layers of the normal companion, creating an
accretion disk that glows in X-rays. The Milky Way is

teeming with such X-ray binaries.
Monica Valluri
Research Professor of Astronomy, University of Michigan,
Ann Arbor, Michigan

This all-sky map
produced by the Gaia
mission shows the
plane of our Milky
Way running through
the center, as well as
the Large and Small
Magellanic clouds at
lower right. The LMC
may be the source of
a particular group of
fast-moving stars,
which largely appear
along its projected
orbit on the sky. esa/

GAIA/DPAC
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READER GALLERY

1. STELLAR NATIVITY SCENE

The Christmas Tree Cluster lies at the
center of this image, filled with young,
newborn stars and surrounding
nebulosity cataloged as NGC 2264. That
includes the Cone Nebula, just left of
center. The Fox Fur Nebula lies directly
below the bright blue star (S Monoceros)

at center. This image comprises
25% hours of exposure in SHO filters
with an 8-inch scope. - Simon Todd
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2. OUR STAR IN ACTION

Solar prominences and intricate
surface texture dot this view of the
Sun, highlighting the dynamic activity
of our nearest star in Ha light. The
image was captured June 28 with

a Lunt 50mm solar telescope and
monochrome camera. - Rich Ruffini

3. SHELLS OF ITS FORMER SELF

The elliptical galaxy NGC 474 (lower right)
contains multiple shell-like structures and
tidal tails as a result of past interactions
with other galaxies. The galaxy is
currently interacting with a neighboring
spiral galaxy just to its left, NGC 470. The
lenticular galaxy NGC 467 (at left) is a
background galaxy, more than twice as
distant. The imagers used a 24-inch
scope to capture 20 hours of data.

= Adriano Anfuso/Vikas Chander




4, THE DARK VEIL

This wispy object in Ophiuchus is
cataloged as LDN 204, 234, and 191. The
imager suggests the moniker of “the Dark
Veil" due to its resemblance in shape to
NGC 6960, also known as the Western
Veil Nebula or the Witch's Broom. The
image comprises 37.1 hours of exposure
taken with a 2.8-inch /5.6 scope in
HoLRGB filters. - Katelyn Beecroft




l READER GALLERY

5. HOT CRUSTACEAN BANDS
The Prawn Nebula (IC 4628) lies
around 6,000 light-years away
in Scorpius and displays striking
striations of ionized gas
sculpted by stellar winds and
radiation. The photographer
took 83 hours of exposure in the
Hubble palette with a 6-inch f/7
refractor. - Fernando Oliveira
de Menezes

6. A WORLD IN MOTION
Star trails encircle the
landscape of northern Arizona
in this 360° image that uses a
stereographic projection. In the
"foreground” of the scene lies
the photographer's Starpoint
Australis portable tent
observatory. The photographer
captured the star trails with an
Insta360 X4 camera, stacking
some five hundred 30-second
images taken at /1.9.

- Greg Meyer
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7. A MIGRATORY SWAN
Comet C/2025 R2 SWAN
was discovered Sept. 11

by Ukrainian amateur
astronomer Vladimir
Bezugly in imagery

taken by NASA's

SOHO spacecraft. This
astrophotographer
captured the comet and
its tail as it soared through
the inner solar system on
Sept. 16 with a 12-inch /3.6
scope and 28 minutes of
LRGB exposure.

- Gerald Rhemann

SEND YOUR IMAGES TO:
readergallery@
astronomy.com.

Please include the date and
location of the image, your
mailing address, and
complete photo data:
telescope, camera, filters,
and exposures.
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Explore the Universe
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BREAKTHROUGH

AN INKY STAIN ON A STARRY STAGE

Beauty often comes in small packages. Take Circinus the Compasses. This southern constellation ranks 85th in size among
the sky's 88 stellar groupings, yet it holds the stunning dark nebula known as the Circinus West molecular cloud. A dense
region of dust and cold gas, Circinus West effectively blocks all the light from the rich star background. The few bright
spots poking through the cloud’s dark tendrils represent baby stars just emerging from their dusty cocoons. The nebula
forms the western part of the larger Circinus molecular cloud, which lies some 2,500 light-years from Earth and contains
about 250,000 times the mass of the Sun. Circinus West stands just 3° southeast of brilliant Alpha Centauri. The bright star
at the photo's upper right is 3rd-magnitude Theta Circini. crionoirLag/poe/nsF/auRa
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LUNAR PHASES

First Quarter Full Last Quarter

Jan. 3 Jan. 10
Jan. 18 Jan. 25 Feb. 1 Feb.9

Feb. 17 Feb. 24 March 3 March 11

March 18 March 25 April 1 April 10

April 17 April 23 May 1 May 9
May 16 May 23 May 31 June 8
June 14 June 21 June 29 July 7
July 14 July 21 July 29 Aug.5
Aug. 12 Aug. 19 Aug. 28 Sept. 4
Sept. 10 Sept. 18 Sept. 26 Oct. 3
Oct. 10 Oct. 18 Oct. 26 Nov. 1
Nov. 9 Nov. 17 Nov. 24 Dec. 1

Dec. 8 Dec. 17 Dec. 23 Dec. 30

All dates are for the Eastern time zone. A Full Moon rises at sunset
and remains visible all night; a New Moon crosses the sky with the
Sun and can't be seen.

THE MOON is Earth’s nearest neighbor and the
only celestial object humans have
visited. Because of its changing
position relative to the Sun and
Earth, the Moon appears to
go through phases, from a
slender crescent to Full Moon
and back. The best times to
observe our satellite through a
telescope come a few days on either
side of its two Quarter phases. For the best
detail, look along the terminator — the line
separating the sunlit and dark parts. nasa/esec/

ARIZONA STATE UNIVERSITY

A supplement to Astronomy magazine

VENUS remains a fixture in the western evening sky
from late February through September. It then
disappears in the Sun’s glare before returning to
view before sunrise in early November. It peaks

at magnitude -4.9 late that month, but continues
to dominate the eastern predawn sky through
year's end. nasa/pL-CALTECH

MARS lies too close to the Sun to observe in early

2026 but reappears before dawn in the spring.

The Red Planet grows more prominent every
month as it ascends in the eastern sky. The
ruddy world glows at 1st magnitude
through October, but it improves rapidly
as the weather turns colder. By year’s end,

it shines at magnitude —0.1 and shows a
10"-diameter disk when viewed through
a telescope. nasa,esa, stsci

JUPITER always looks dramatic through a telescope.
Even small instruments show the planet’s four big
moons and resolve its dynamic atmosphere into
an alternating series of bright zones and
darker belts. Jupiter appears best at
opposition in early January, when it shines
brightest (magnitude -2.7) and looms
largest (47" across), though it’s a spectacular
object all year except in the weeks around
solar conjunction in late July. nasa,esa, a. sivon

(GSFC), M. WONG (UC BERKELEY), J. DEPASQUALE (STSCI)

SATURN and its rings provide a spectacular attraction for telescope owners

in January and February and again from May through December. The ringed
planet reaches its peak in early October. It then shines at magnitude 0.3 and
its disk measures 20" across while the ring system spans 45" and tilts 7° to

our line of Sight. NASA/ESA/THE HUBBLE HERITAGE TEAM (STSCI/AURA)

SUBSCRIBE TODAY!
AStrOnOmy www.Astronomy.com
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WINTER
The sky

Winter boasts the brightest stars of any
season. Orion the Hunter dominates the
evening sky this time of year. Its seven most
prominent stars form a distinctive hourglass
pattern. The blue star marking Orion’s left
foot is Rigel, and the ruddy gem at his right
shoulder is Betelgeuse. The three stars of
the Hunter’s Belt point down to Sirius, the
brightest star in the night sky, and up to
Aldebaran, the eye of Taurus the Bull. To
Orion's upper left lies the constellation Gemini.

Deep-sky highlights

The Pleiades (M45) is the brightest star
cluster in the sky. It looks like a small

dipper, but it is not the Little Dipper.

The Orion Nebula (M42), a region of active
star formation, is a showpiece through
telescopes of all sizes.

The Rosette Nebula (NGC 2237-9/46),
located 10° east of Betelgeuse, presents

an impressive cluster of stars and a nebula.
M35 in Gemini the Twins is a beautiful open
cluster best viewed with a telescope.

Castor (Alpha [o] Geminorum) is easy to split
into two components with a small telescope,
but the system actually consists of six stars.

SPRING
The sky

The Big Dipper, the most conspicuous part
of the constellation Ursa Major the Great
Bear, now rides high in the sky. Poke a hole
in the bottom of the dipper’s bowl, and the
water would fall on the back of Leo the Lion.
The two stars at the end of the bowl, called
the Pointer Stars, lead you directly to Polaris,
the North Star: From the bowl’s top, simply go
five times the distance between the Pointers.
Spring is the best time of year to observe

a multitude of galaxies. Many of these far-
flung island universes, containing hundreds
of billions of stars, congregate in northern
Virgo and Coma Berenices.

Deep-sky highlights

The Beehive Cluster (M44) was used to
forecast weather in antiquity. It is a naked-
eye object under a clear, dark sky, but it
disappears under less optimal conditions.
M5, a conspicuous globular cluster, lies
between the figures of Virgo the Maiden
and Serpens Caput the Serpent’s Head.
The Whirlpool Galaxy (M51) is a vast
spiral about 30 million light-years away.
M81 and M82 in Ursa Major form a pair
of galaxies that you can spot through a
telescope at low power.

STAR MAPS BY ASTRONOMY: ROEN KELLY
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Jan.10
Jupiter is at
opposition

Feb. 17
Annular solar
eclipse

Feb. 19
Mercury is
at greatest
eastern
elongation

March 3
Total lunar
eclipse

April 22
Lyrid meteor
shower peaks

May 6

Eta Aquariid
meteor
shower peaks

June 9
Venus passes
1.6° north of
Jupiter

June 15
Mercury is
at greatest
eastern
elongation

July 27
Pluto is at
opposition

Aug. 2
Mercury is
at greatest
western
elongation

Aug. 12
Total solar
eclipse



SUMMER
The sky

Aug. 12 High in the sky, the three bright stars known
Perseid as the Summer Triangle are easy to spot.
meteor These luminaries — Vega in Lyra, Deneb

shower peaks in Cygnus, and Altair in Aquila — lie near

the starry path of the Milky Way. Following

Aug. 15 the Milky Way south from Aquila, you'll find
Venus is at the center of our galaxy in the constellation
greatest Sagittarius the Archer. Here lie countless star
eaStem' clusters and glowing gas clouds. Just west of
elongation Sagittarius is Scorpius the Scorpion, which
contains the red supergiant star Antares as
Aug.. 28 well as M6 and M7, two brilliant clusters that
Partialllunat look marvelous at low power.
eclipse " T
/§ Deep-sky highlights

Sept. 25 g The Hercules Cluster (M13) contains nearly
Neptune is at =i a million stars and is the finest globular
opposition - cluster in the northern sky.

’ The Ring Nebula (M57) looks like a puff of
Oct. 4 smoke through a medium-sized telescope.
Saturn is at The Omega Nebula (M17) looks like the
opposition Greek letter of its name () through a

telescope at low power. This object also

Oct. 13 is called the Swan Nebula.
Asteroid P \ - Sa— The Wild Duck Cluster (M11) is a glorious
Vestais at w e open star cluster. On a moonless night, a
opposition small scope will show you some 50 stars.
Oct. 21
Orionid AUTUMN
meteor

shower peaks The Sky

The Big Dipper swings low this season, and
Nov. 17 from parts of the southern U.S,, it even sets.
Leonid With the coming of cooler nights, Pegasus
meteor the Winged Horse rides high in the sky as the

shower peaks rich summer Milky Way descends in the west.

Fomalhaut, a solitary bright star, lies low in

Nov. 20 the south. The magnificent Andromeda Galaxy

Mercury is = reaches its peak nearly overhead on autumn

at greatest ' i evenings, as does the famous Double Cluster.

western. Both of these objects appear as fuzzy patches

elongation to the naked eye under a dark sky.

Nov. 25 AN Deep-sky highlights

Uranus is at \-\\.0\ - e . 0 / L The Andromeda Galaxy (M31) is the brightest

opposition ‘ ;\ 0 ..\\,"\..PEGASUS Sou A . ...—--:3 : - naked-eye object outside our galaxy visible in
ERN - SO P "’/ IS the northern sky.

Dec. 14 A l - \\/§ - 2. § : The Double Cluster (NGC 869 and NGC 884)

Geminid ° - & in Perseus consists of twin open star clusters.

meteor It's a great sight through binoculars.

shower peaks M15 in Pegasus is a globular cluster
containing hundreds of thousands of stars,
many of which can be glimpsed through a
medium-sized telescope.

. — Albireo (Beta [B] Cygni), the most beautiful
Open cluster S 5. o REnElERGE Lo 3 _ double star in the sky, is made up of suns

; g colored sapphire and gold.
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Jan. 16
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Feb. 15

RISE & SET

This illustration presents
the night sky for 2026,
showing the best times to

observe the planets from
Mercury to Neptune. For each
) planet, the times when it rises
May 1 S - i - and sets are shown throughout
the year. For Mercury and Venus,

which never stray too far from the
Sun, these times appear as loops
coming up from the sunset horizon
(on the left) or the sunrise horizon (on
the right). For Mars, Jupiter, Saturn,
June 15 _— ; i i Uranus, and Neptune, the times when
they transit — appear highest in
the sky and provide the best view
through a telescope — also are
shown. All the planets lie near the
ecliptic, so you can use this chart in
conjunction with the maps on the
previous pages to find a planet’s
approximate location. The chart
also includes the transit times of
four bright seasonal stars: Sirius,
Spica, Antares, and Deneb. This
map shows local times for an
observer at 40° north latitude.
Sept. 13 i i i i Although exact times will
vary depending on your
longitude and latitude (and
don't forget to add an hour
for daylight saving time),
the relative times and
approximate positions
will stay the same.
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SOUTHERN SKY o uemncconse

The solar system’s two

largest planets adorn
the evening sky this month,
while the smaller inner planets
linger near the Sun and remain
mostly out of sight.

You’ll want to make Saturn
your first target as darkness
descends. The ringed planet
shines at magnitude 1.0 and
appears low in the west among
the faint background stars of
Pisces the Fish. Although
Saturn stands 46° east of the
Sun in early February, the
ecliptic makes a shallow angle
to the western horizon from
mid-southern latitudes at sun-
set this time of year, so the
planet hangs low in our sky.

The best views through a
telescope come during fleeting
moments of steady seeing. In
mid-February, Saturn’s disk
measures 16" across while the
rings span 37" and tilt 3° to our
line of sight. Also look for the
planet’s largest satellite, 8th-
magnitude Titan, which com-
pletes an orbit of the giant
world every 16 days.

Saturn serves as a conve-
nient guide to the outermost
major planet around mid-
month. On the 16th, the ringed
world passes 0.9° south (upper
left) of Neptune. You should be
able to spot the 8th-magnitude
planet through a small scope.

Magnitude -2.5 Jupiter
stands as the brightest object
in February’s evening sky. The
giant planet appears in the
northeast as twilight fades to
darkness. It moves slowly west-
ward against the backdrop of

February 2026

A pair of pretty gas giants

central Gemini, some 10° above
the Twins’ brightest stars,
Castor and Pollux.

A telescope resolves fine
detail in the gas giant’s atmo-
spheric bands. The best views
come when it climbs highest in
the north during the late eve-
ning hours. Look for two paral-
lel dark belts, one on either side
of a brighter zone that coin-
cides with Jupiter’s equator,
which spans 44" in mid-
February. The planet’s four
bright moons should also stand
out on any clear evening.

Earth’s three closest plan-
etary neighbors fare far worse
than their more distant siblings.
Venus crawls slowly away from
the Sun into the evening sky
while Mars does the same in
the morning sky. Yet neither
achieves a significant elongation
by month’s end. Venus then
stands 13° from the Sun and
Mars is only 12° from our star.

Mercury reaches greatest
elongation Feb. 19, when it lies
18° east of the Sun but appears
just 3° above the western hori-
zon 30 minutes after sunset
from mid-southern latitudes.

It will be a bit higher if you live
closer to the equator.

An annular solar eclipse
occurs Feb. 17, though most
observers of the event will be
penguins because the path
makes landfall only in
Antarctica. The center line
passes about 500 kilometers
east of Australia’s Davis Station.
Those hardy souls in Davis can
see a partial eclipse. Maximum
occurs at 12h04m UT, when the

Moon obscures 95 percent of
the Sun’s diameter. Residents in
southeastern Africa and the
southern tip of South America
will witness a lesser partial
eclipse. Wherever you are, be
sure to use a safe solar filter to
view the event.

The starry sky

The wonderful Orion the
Hunter ranks among the show-
piece star patterns in the entire
sky. It contains several promi-
nent stars as well as one of the
finest star-forming regions —
the great Orion Nebula (M42)
— to explore with a small tele-
scope. The constellation climbs
high in the north in February’s
early evening sky.

Orion’s two brightest stars,
blue-white Rigel and reddish
Betelgeuse, vie for attention
because of their brilliance and
contrasting colors. But this
month I want to highlight the
Hunter’s other two corner stars:
Bellatrix and Saiph.

From our point of view,
Bellatrix (Gamma [y] Orionis)
lies at the lower left of the main
group of stars and marks one
of the giant’s shoulders. It has a
mass about 8.5 times that of the
Sun and shows a spectral type
of B2. Compare its blue-white
color with ruddy Betelgeuse,
which lies 7.5° to the east (right).

Although Bellatrix appears
to be a single star, some
researchers suspect it has a stel-
lar companion. Gamma glows
at magnitude 1.6, and for a long
time astronomers thought it
shone steadily. That made it a

convenient “standard star” for
UBYV photometry (the measure-
ment of stellar brightness in the
three spectral bands of ultra-
violet, blue, and visible light).
Indeed, it was on that list when
I put together photometric
equipment for Tasmania’s larg-
est telescope in the 1970s.
However, scientists have since
found that it varies slightly in
brightness between magnitudes
1.59 and 1.64.

If you jump diagonally
across Orion to the upper right,
you’ll pass by the three con-
spicuous stars of Orion’s Belt
and then come to magnitude
2.1 Saiph (Kappa [K] Ori),
which marks one of the
Hunter’s legs. Saiph is the
southernmost of Orion’s bright
stars and stands only 1° north
of the constellation’s border
with Lepus the Hare.

Although Kappa appears
half a magnitude dimmer than
Bellatrix, that’s a little mislead-
ing. If you compare the two
star’s intrinsic brightnesses,
Saiph is the real standout.
Astronomers use absolute mag-
nitude, the apparent brightness
a star would have if it were 10
parsecs (32.6 light-years) away
from us, to measure true lumi-
nosity. On this scale, Bellatrix
shines at magnitude -2.8 while
Saiph, a blue supergiant with
about 15 times the Sun’s mass,
gleams at magnitude -6.1, or
some 21 times brighter. If Saiph
were only 10 parsecs away, it
would be obvious in broad day-
light and outshine Venus by at
least 1.5 magnitudes. »
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BEGINNERS: WATCH A VIDEO ABOUT HOW TO READ A STAR CHART AT
www.Astronomy.com/starchart.
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FEBRUARY 2026

SUN. MON. | TUES. | WED. |THURS.| FRI. SAT.
1 2 3 4 5 6 7
8 9 10 1 12 13 14
CAI OO N N
15 16 7 18 19 20 21
22 23 24 25 26 27 28

Note: Moon phases in the calendar vary in size due to the distance
from Earth and are shown at Oh Universal Time.

CALENDAR OF EVENTS

o A& W

1

15
16
17
18

19
20

24

25

26
27

. Full Moon occurs at 22h09m UT

The Moon passes 0.4° north of Regulus, 3h UT

Uranus is stationary, 5h UT

‘ | Last Quarter Moon occurs at 12h43m UT

Thé Moon is at apogee (404,576 kilometers from Earth), 16h52m UT
The Moon passes 0.7° south of Antares, 4h UT

The Moon passes 0.9° north of Pluto, 15h UT

Saturn passes 0.9° south of Neptune, 4h UT

i New Moon occurs at 12h01m UT; annular solar eclipse
THe Moon passes 1.7° north of Venus, 9h UT

The Moon passes 0.1° south of Mercury, 23h UT

Mercury is at greatest eastern elongation (18°), 18h UT

The Moon passes 4° north of Neptune, Oh UT

The Moon passes 5° north of Saturn, Oh UT

The Moon passes 6° north of Uranus, Th UT

L . First Quarter Moon occurs at 12h28m UT

The Moon is at perigee (370,135 kilometers from Earth), 23h14m UT
Mercury is stationary, 17h UT

Mercury passes 5° north of Venus, 23h UT

The Moon passes 4° north of Jupiter, 6h UT

Asteroid Iris is at opposition, 18h UT
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