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Welcome to Volume 50
perspectives

It’s now 2021, and this Winter issue of Mercury 
marks the first in Volume 50, a notable mile-
stone for any publication. To celebrate, and to 
reflect on the time that has passed since then, 
this issue and the forthcoming three issues in 
Volume 50 each include several columns and 
feature articles that focus on discoveries and 
other ways astronomy has changed in the past 
five decades. And yes, a tremendous amount 
has changed in that time, so there’s a lot to 
cover. Each of the columns and feature stories 
that are part of this celebratory theme have a 
logo (thank you to Mercury’s Art Director, Leslie 
Proudfit) on its first page, so keep an eye out 
for that graphic.

 When the Astronomical Society of the Pacific 
launched Mercury in 1972, Apollo 16 and the 
fifth Moon landing were coming up, the only 
planets scientists knew of were those in our 
own Solar System, and the computing power 
of my modern cellphone was all but a fantasy. 
These days, it seems new astronomical dis-
coveries are announced daily and more and 
more spacecraft launch weekly. We live in truly 
incredible and science-rich times. 

For more about the magazine’s beginning, 
make sure to read Linda Shore’s First Word 
column on page 4. Other columns introduce 
some of the incredible astronomical discover-
ies since 1972, like faint satellite galaxies to the 
Milky Way, a photograph of a forming planetary 
system, and fascinating astrophysics objects 
like magnetars. Freelance writer Steve Murray 
takes us through decades of human spaceflight: 
crewed space stations, flight vehicles, and the 
telescopes astronauts have operated. Freelance 
writer Sarah Wells looks back on the incredibly 
successful Great Observatories program and its 
four influential space telescopes. And of course, 
this issue features the ever-popular columns 
about astronomical history and science educa-
tion tips, plus cosmic news (and Mars missions). 

I hope you enjoy this issue, and the rest in 
this year’s celebratory volume.

Liz Kruesi
Editor, Mercury
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In January 1972, the Astronomical Society of the Pacific (ASP) pub-
lished Volume 1, Issue 1 of Mercury magazine, making 2021 the 
year we will complete the 50th volume. The four issues compris-

ing this landmark volume will include special features and articles 
examining the achievements in astronomy research and education 
that Mercury has covered since inception. But before we launch into 
this milestone year, let’s look at how ASP’s beloved Mercury maga-
zine came to be.

As the 1970’s began, Mariner 9 had reached Mars and was send-
ing images of the red planet back to Earth, Pioneer 10 had launched 
from Cape Canaveral on its way to explore the planets of the outer 
solar system to eventually become the first spacecraft poised to 
leave the Solar System, and Apollo 17 reached the Moon marking 
the sixth and final time an Apollo spacecraft would ferry astronauts 
to walk across the lunar surface. These accomplishments captured 
the imagination of the public eager to learn more about astronomy 
and space exploration. The ASP’s Board of Directors, recognizing that 
the Society could offer a tremendous service to the public by engag-
ing them in the awe and wonder of the cosmos, made the decision 
to develop new programs specifically focused on astronomy educa-
tion. One of those new initiatives was the creation of a new popular 
astronomy magazine designed specifically for lay people, amateurs, 
and enthusiasts. ASP’s Mercury was born. 

A number of names were 
considered for the new mag-
azine, but it was the ASP’s 
logo featuring the Roman 
god (and speedy celestial 
messenger) Mercury, that 
served as inspiration. Artists 
and graphic designers cre-
ated a number of mock-ups 
for Mercury’s cover design for 
consideration. In fact, San 
Francisco artist and native, 
Chesley Bonestell, the “father 
of space science art” whose 
speculative paintings and 
illustrations of the universe 
have been widely credited 
for transforming science 
fiction art and even inspiring the space program itself, designed 
one of the covers. Bonestell even provided Mercury magazine with 
artwork depicting the surface of the planet Mercury, and while it 
was never used, the original painting proudly hangs just outside 
my office door.

The inside cover of the first issue of Mercury featured a 
total solar eclipse. [ASP]

The Launch of Mercury
Here’s the story behind why and how the ASP’s membership magazine was born. 

by Linda Shore

first word

http://astrosociety.org
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The first issue of Mercury was just 24 pages long, printed in black 
and white, and included a number of reflections on astronomy by 
prominent astronomers of the era. In the issues that soon followed, 
Mercury included some regular columns such as “The Astrophysical 
Zoo” (highlighting an interesting astronomical object), “Mercury 
Photo Feature” (featuring a new image released by an astronomical 

observatory), and “Astronomical Book Trek” (a listing of newly pub-
lished books and resources). 

Since its launch, Mercury has gone from a black and white publica-
tion to a full color, glossy magazine; from being a hardcopy magazine 
mailed to subscribers to a fully digital magazine available to comput-
ers and the like. While our format has evolved, the mission of Mercury 
has remained unchanged — to provide astronomy enthusiasts and 
science educators with insights into the past, present, and future of 
astronomy research, space exploration, and astronomy education. 

The ASP looks forward to continuing Mercury’s mission and bring-
ing you another 50 volumes for future generations to enjoy. Now 
enjoy Volume 50, Issue 1. 

LINDA SHORE is the Chief Executive Officer of the Astronomical Society of the Pacific.

In late 1971, Mariner 9 became the first spacecraft to orbit Mars. It revealed the planet’s geology, like 
this view of dried Martian channels. [NASA/JPL-Caltech]

This painting of Mercury’s surface, by Chesley Bonestell, hangs by the author’s office. [Chesley Bonestell]

http://astrosociety.org
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History has recorded many solar eclipses, but only a few have 
reached iconic status as pivotal events — ones that altered 
how humans perceive the cosmos. The most recent of these 

was in 1919, when the deflection of starlight by gravity was con-
firmed, thus providing firm evidence for Einstein’s general theory of 
relativity. One such iconic eclipse occurred 1,211 years ago.

Two men — one famous and one obscure — made 810 a special 
year in astronomy, and it was sparked by a simple question: How 
could there be two solar eclipses in one year? The famous person 
who posed the question was Charlemagne (748–814), Emperor 
of the Romans. The obscure person, a monk named Dungal and 
located at St. Denis (20 kilometers north of Paris) in the Frankish 
kingdom ruled by Charlemagne, hailed from Ireland. It fell to his lot 
to answer the Emperor. In doing so he put his own stamp on the 
ordering of the Solar System.

The letter of 811, written the year after the question was posed, 
relies heavily on an earlier text, a commentary by Macrobius from 
the early 5th century about an ancient description of the uni-
verse related by Cicero (106–43 BCE). This shows the importance 
of things written many centuries before the time of Dungal and 
Charlemagne, as these early Medieval thinkers were heavily reli-
ant on knowledge from ancient Greece and Rome. The first half of 
Dungal’s letter, in fact, is nothing but quotation from Macrobius, 

especially dealing with a description of the Moon and where the 
Sun is located in the Solar System.

Starting with Saturn and moving inward to Earth (at the cen-
ter), Macrobius places the Sun sixth. According to historian Bruce 
Eastwood of the University of Kentucky, “The passage claims to 
resolve a controversy between Cicero’s placement and Plato’s place-
ment in favour of the latter.” Cicero stated the Sun was fourth in 

Dungal and the Eclipses of 810
In this Medieval year, an emperor, a monk — and several ancient texts — hoped to understand solar eclipses.

A total solar eclipse was visible over the Frankish Empire in 810. [Image by Boris Štromar from Pixabay]

by Clifford J. Cunningham

annals of astronomy

http://astrosociety.org
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order, as Saturn-Jupiter-Mars-Sun-Venus-Mercury-Moon, whereas 
Plato has the Sun immediately beyond the Moon. All of this has 
even more ancient origins: The ordering of Cicero came from the 
Chaldeans who ruled Babylon in the 8th century BCE, while the 
ordering adopted by Plato derived from ancient Egypt. 

Macrobius gave the Platonic view his approval, but Dungal was 
having none of it. In his letter to Charlemagne, the monk did not 
transcribe the observational evidence Macrobius gives or provide 
his verdict on which system was correct. By this selective approach, 
Dungal claimed the Ciceronian order of the Solar System was the 
one that could explain the timing of solar eclipses. If no one but 
the Emperor read the letter, that would not have mattered much, 
but it was widely copied (three examples still exist) for educational 
purposes and found its way throughout Europe and the Byzantine 
Empire in the East. Dungal had no access to Ptolemy’s Almagest, as 
it was not translated into Latin until the 12th century, but Ptolemy’s 
planet ordering was the same; thus, it was due to Dungal in the 9th 
century that the classic Ptolemaic system gained even more ascen-
dancy over the Platonic scheme.

Dungal not only followed Cicero in establishing the order of the 
Solar System, but he adopted his interpretation of the so-called 
Great Year, a 15,000-year period where all the planets and stars come 
back exactly to where they had been (see my column in Mercury, 
Autumn 2020). Thus, Dungal said astronomers could predict eclipses 
not just a few years hence via what he called the “intelligent inves-
tigation and industrious observation” which the ancients left as a 
model, but 15,000 years into the future!

A key claim of Macrobius did, however, find favor with Dungal: the 
existence of people “below” us. In an addendum to his letter, Dungal 
supports the view that humans lived in the southern temperate 
zone, an area no European had ever seen. This has a direct bearing 

on solar eclipses: A writer of 
754 CE (erroneously) stated 
eclipses happen every 30 years, 
so 90 years after a famous 
eclipse of 664 CE meant 
he expected one that year. 
Because no such eclipse was 
visible, he suggested it may 
have been visible only in the 
Southern Hemisphere. At the 
same time Dungal was writing, 
other scholars were composing 
the “Compendium of 809–812,” 
which lists eclipses on 7 June 
and 1 December in 810 and 
one in 811.

The June 810 eclipse, which 
actually happened 5 June, was 
only visible from the Pacific 
Ocean, but knowledge of it 
(according to Dungal) had come to the attention of Charlemagne 
from an archbishop in Constantinople (then-capital of the Byzantine 
Empire). And the December eclipse actually happened November 
30. As for 811, no eclipse was visible in Europe; however, observers in 
the Southern Hemisphere could have seen it. Historian James Palmer 
of the University of St. Andrews has written recently this is evidence 
astronomers of the time (in Constantinople, not the Frankish Empire) 
were calculating “ghost” eclipses: events that could not be seen by 
them but some of which were recorded in the Compendium. 

DR. CLIFFORD J. CUNNINGHAM was recently seen at the Titan Missile Museum near Tucson, Arizona.

This gold, silver, and other fine metalwork reliquary 
of Charlemagne was created hundreds of years after 
his rule. [Wikimedia/Beckstet/CSvBibra]

http://astrosociety.org
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When an Aerobee sounding rocket with an onboard X-ray 
detector cracked the atmosphere in 1962, we caught a 
glimpse of a universe far more exotic and energetic than 

we had imagined.
Sure, we have long known that the universe was explosive. There 

was that whole Big Bang thing, after all. Galaxies collide. Stars go 
boom. But that sounding rocket experiment and its discovery of 
Scorpius X-1 — now known to be a neutron star violently siphon-
ing off material from a companion star — hinted at the existence 
of mysterious cosmic phenomena releasing tremendous blasts of 
energy each and every day.

With increasingly more sophisticated detectors, astronomers 
over the past 50 years solved many mysteries of the universe at 
the highest energies. Here are a few highlights from the past five 
decades of discovery.

Blazars: Astronomer Edward Spiegel coined the term “blazar” in 
1978 to describe strange, rare objects that appeared to be a cross 
between a quasar, which is a very bright distant galaxy with strong 
radio emission, and a BL Lacertae object, a type of galaxy core with 
an active supermassive black hole that fluctuates in brightness. By 
the 1990s, astronomers came to realize that the classification is in 
the eye of the beholder on Earth. Blazars are essentially quasars that 
eject a narrow jet of matter directly in our direction. The material in 

Blasts from the Past
The past 50 years sure have been a bang in the world of high-energy astrophysics.

Centaurus A, imaged here in multiple types of light, hosts a supermassive black hole at its center. That 
black hole launches jets of material. If one of those jets was aimed toward Earth, the active black hole 
would be categorized a “blazar.” [ESO/WFI (Optical); MPIfR/ESO/APEX/A. Weiss, et al. (Submillimetre); 
NASA/CXC/CfA/R. Kraft, et al. (X-ray)]

by Christopher Wanjek

armchair astrophysics

http://astrosociety.org
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the jets is relativistic, travelling nearly at light speed, creating X-rays 
and gamma rays as they plow through their host galaxy.

Gamma-ray bursts: The name describes them well. These bursts 
of gamma rays, the highest-energy form of light, lasting between 
just a few milliseconds to a few minutes appear every day from all 
directions in the sky. They were first discovered in 1967, but it was 
hush-hush, as the U.S. government thought these were signs of 
secret Soviet nuclear explosions. The GRB detections were declas-
sified in 1973. But it would take another 30 years to clearly under-
stand what these were — in short, the birth announcement of a 
new black hole, either from a neutron star merger or core collapse 
of a massive star.

Magnetars: In 1979, numerous satellites around Earth and as far 
out as Venus detected a sudden burst of gamma rays, which astron-
omers traced back to the Large Magellanic Cloud. After two more 

decades of similar detections from 24 other point sources, astrono-
mers came to understand that the energy was coming from particu-
larly powerful pulsars, which we now call magnetars, about 1,000 
times more magnetic than ordinary pulsars. The objects periodically 
flick off X-rays and gamma rays, like lighthouses spewing high-
energy radiation. The why and how are still a mystery. 

Ultra-high-energy cosmic rays (UHECRs): These cosmic rays 
are bits of matter, not light. Most come from star explosions. The 
ultra-high-energy variety remain a mystery, though, because it is 
not known what cosmic source could accelerate matter to energies 
of 1018 to 1020 electron volts — that’s the energy in a major league 
fastball crammed into a single atomic particle. These ultra-high-
energy particles are rare, too. The Pierre Auger Observatory  
in Argentina, a detector stretching over 3,000 square kilometers, 
has detected about two dozen, suggesting a rate of about 1 per 
square kilometer per century. One theory is that UHECRs come 
from supermassive black hole jets aimed to us (such as blazars,  
see above). Only a massive space based UHECR observatory will 
solve this one. 

Fast Radio Bursts (FRBs): Lest you start thinking that there’s 
nothing new in astronomy, here’s a new mystery. FRBs are strong, 
transient radio pulses in the millisecond range, first observed in 
2007. Hundreds have since been detected, but they are too fast 
to pin down. Could be a magnetar. Could be a blitzar, a hypotheti-
cal pulsar collapsing into a black hole. Could be communications 
between advanced aliens. With any luck, we’ll solve this before the 
100th anniversary of Mercury. (Of course, I’m hoping for scenario 
number three.) 

CHRISTOPHER WANJEK is a freelance science writer in Baltimore and author of the book 
Spacefarers: How Humans Will Settle the Moon, Mars, and Beyond.

Radio telescopes, like the European Very-long-baseline-interferometry Network (EVN) illustrated 
here, have detected mysterious radio signals lasting only milliseconds. These are called Fast Radio 
Bursts. [Danielle Futselaar (artsource.nl)]

http://astrosociety.org
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Have you ever felt the pangs of unrequited Netflix-binging love 
(when you’ve watched all of what’s available of one show on 
Netflix)? Now, do you remember the pure elation when sud-

denly a whole new season drops?! Imagine that on a galactic scale. 
It’s exactly what happened to astronomers when, in 2005, we dis-
covered Ursa Major I, the first ultra-faint dwarf galaxy. It was also the 
first satellite galaxy found around the Milky Way in 15 years.

Galaxies were only “discovered” 100 years ago when Edwin Hubble 
studied a type of variable star (called a “Cepheid”) to help determine 
that the Milky Way was in fact one of many galaxies and not the just 
the entire universe. Ever since then, using amazing telescopes such 
as the Hubble Space Telescope, we’ve discovered countless more 
galaxies. A handful of these galaxies are close enough that they’ve 
been caught in the Milky Way’s gravitational pull. We call these gal-
axies our “satellite galaxies.” 

There’s another handful of our satellite galaxies that have gotten so 
close to us that our galaxy’s gravitational pull has ripped the satellite 
apart, creating streams of stars. (Globular clusters, spherical collections 
of gravitationally bound stars but typically smaller than galaxies, also 
can create these stellar streams as they are torn apart by a strong grav-
itational pull.) What we use to think was a lonely corner of space, we 
now see as a bustling neighborhood with satellite galaxies spanning a 
wide size range and even the remnants of satellites — stellar streams. 

Our galactic backyard is quite diverse! To date, we have dis-
covered more than 50 satellite galaxies and more than 20 stellar 
streams around the Milky Way. We have some massive satellite 
galaxies — the Large and Small Magellanic Clouds; faint dwarf 
spheroidal galaxies such as Sculptor; and the tiniest galaxies ever 
found, such as Tucana II (which is hard to distinguish visually as a 
galaxy). Our stellar streams are just as diverse. There are streams 

The Milky Way’s Diverse Companions
In the past several decades, astronomers have uncovered a busy local galactic neighborhood.

The Large and Small Magellanic Clouds, the only two Milky Way satellites visible to the unaided eye, 
float over the Paranal Observatory in Chile. [ESO/J. Colosimo]

by M. Katy Rodriguez Wimberly

research focus

http://astrosociety.org
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whose origin we can connect and even see. One such example 
is the Sagittarius Stream — what we believe to be a giant stream 
of tidally shredded stars and matter from the Sagittarius Dwarf 
Spheroidal Galaxy, one of our most nearby satellite galaxies. Then 
there are much more mysterious streams, like remnants of long ago 
destroyed galaxies or globular clusters found in the Milky Way’s 
stellar halo. These have maintained some of their former associa-
tion, in the form of a stellar stream. Palomar 5 is one such stream; 

it is a former globular cluster that has been pulled into a stream by 
the Milky Way’s gravity.

Some of the Milky Way’s companions can be found by simply 
looking up at night in the Southern Hemisphere. The two most 
prominent, the Large and Small Magellanic Clouds, have been a 
part of human culture for millennia. In Australia, according to one 
Aboriginal belief, the Aboriginal people see the Clouds as a hungry 
elderly couple as a way to teach respect and sharing of food for 
those in need. 

The overwhelming majority of our companions, though, cannot 
be seen with the naked eye. It wasn’t until 1938 that more Milky 
Way satellites were discovered. Sculptor and Fornax were both 
discovered as faint and widespread stellar associations in photo-
graphic plates by Harlow Shapley and both “appeared to be unlike 

The faint cloud of stars taking up this image is Sculptor, the first Milky Way satellite discovered 
after the Magellanic Clouds. This image was taken at the European Southern Observatory’s La Silla 
Observatory. [ESO]

Tucana II, one of the Milky Way’s ultra-faint dwarf galaxy satellites, is indeed pictured here. This aptly 
categorized galaxy is so faint that its stars are only determined as members through their similar 
motions and chemical signatures. [Anirudh Chiti, MIT]

http://astrosociety.org
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any known stellar organization.” Over the 
next seven decades only 10 more satellite 
galaxies were found around the Milky Way. 
While searching through photographic 
plates for new stellar organizations has 
become a thing of the past, throughout 
the latter half of the 1900s, astronomers 
searched for satellites and stellar streams 
through individual images captured via 
the digital cameras now being attached  
to telescopes. 

Another digital revolution occurred in 
2005 when the very first ultra-faint dwarf 
galaxy was discovered in the vast amount 
of data from the Sloan Digital Sky Survey. 
Digital surveys such as this one, the Dark 
Energy Survey, and the upcoming Vera C. 
Rubin Observatory, automatically cover 
huge areas of the night sky capturing every 
photon within their telescope’s power. 
Astronomers — and often members of 
the public — can then search through the 
resulting data using big data and machine 
learning techniques. Since 2005, our satel-
lite and stellar stream count has more than 
quadrupled because of these surveys and data-searches!

As technological advances continue to further our knowledge of 
the Universe, telescopes such as the Vera C. Rubin Observatory will 
soon take the deepest and widest images of the night sky ever and 
will create 20 terabytes of data every night in the Legacy Survey 
of Space and Time. It is truly exciting to think about the possible 

Milky Way satellites and streams waiting to be found! Soon our 
unrequited love for new celestial companions may be fulfilled. 

M. KATY RODRIGUEZ WIMBERLY is a Ph.D. Candidate and NSF Graduate Research Fellow in the 
Astronomy & Physics Department at University of California, Irvine, and one of ASP’s Board Members. 
She studies galaxy evolution using both optical telescopes and cosmological simulations.

This illustration details the intricate shape thought to be traced out by the Sagittarius stellar stream. These galactic remnants are actively 
being stripped by the Milky Way’s gravity from the Sagittarius Dwarf Spheroidal Galaxy, labeled in the image as “Sgr. core.” [David R. Law]

http://astrosociety.org
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Deep within the mountainous terrain of northern Chile, upon 
the Chajnantor Plateau, the world’s largest ground-based 
telescope array — the Atacama Large Millimeter/ submilli-

meter Array (ALMA) — silently observes the cosmos. Low-frequency 
photons (84 GHz to 950 GHz) emanate from distant objects in space, 
and, after traversing the arid Atacama Desert, strike the 66 high-
precision antennas that comprise ALMA. The signals detected at the 
66 antennas are combined using interferometry, which enables the 
antennas to operate as one massive radio telescope. Their millime-
ter/submillimeter observational window resolves hidden regions 
of cold gas (typically veiled in the optical). These regions serve as 
the building blocks for molecular clouds, brilliant stellar nurseries, 
and ultimately stellar systems. What clues, then, could ALMA reveal 
about the evolution of our own Solar System?

To address this question, astronomers analyzed the first high-
resolution ALMA observations of HL Tau, a young (approximately 
one million years old) T-Tauri Sun-like star 450 light years from 
Earth. The researchers uncovered, for the first time ever in 2015,  
an extremely resolved planetary disk around the young star. They 
call this location — the star and its young planetary disk — the  
“HL Tau region.” HL Tau’s similarity to the Sun (its mass is between 
0.55 and 1.2 times the Sun’s mass), makes the HL Tau region  
exceptionally ideal for comprehending the disk instabilities and 

ALMA’s Glimpse into Protoplanetary Disk Evolution 
This telescope provides an unprecedented view of planetary system formation in the HL Tau region.

This composite image shows the protoplanetary disk of HL Tauri as imaged by ALMA. [ALMA (ESO/
NAOJ/NRAO), ESA/Hubble and NASA; Acknowledgement: Judy Schmidt]

by James Negus

research focus

http://astrosociety.org
https://vimeo.com/429442666
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https://arxiv.org/abs/1503.02649
https://astronomy.swin.edu.au/cosmos/T/T+Tauri+Stars
https://vimeo.com/239006835
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planetary formation processes that may have occurred in our Solar 
System’s infancy.

The ALMA images peered into the inner 3.5 AU (where 1 AU is 
the average Earth-Sun distance) of its circumstellar disk, revealing 
a pattern of bright and dark rings (seven pairs to be exact; B1 … 
B7 and D1 … D7 in image at right), which the researchers suspect 
appear due to gradients in dust temperature and emission, as well 
as changes in column density. Additionally, from our line of sight 
here on Earth, they determined that the disk is inclined 46.2° ± 0.2°, 
with a position angle (measured from North to East) of 138.2° ± 0.2°. 
The authors used these properties to de-project the distances of the 
rings from HL Tau: 20.4 ± 0.1 AU to ~ 97 AU for B1 to B7; 13.2 ± 0.2 
AU to ~ 91 AU for D1 to D7.

That’s not all, though. The exquisite details provided by the 
observations of the disk show that: the rings are elliptical, the dark 
rings are experiencing grain growth (i.e. mass accumulation), the 
kinematic motions of the disk’s molecular gas are consistent with 
a Keplerian velocity distribution, and the first four dark rings have 
mean motion resonances (MMRs; determined by tracking the orbits 
of the grains) with orbital periods in the proportion of D1:D2:D3:D4 
= 1:4:6:8 (D2 is also in a 2:1 resonance with B1 and a 1:4 resonance 
with B6). The astronomers considered that a growing number of 
previously observed stable planetary systems also exhibit MMRs, 
in tandem with the additional features, due to the gravitational 
interactions between planets and their parent disk. These results 
suggest that the HL Tau region may be evolving into a well-behaved 
system, like our own!

Through the wonders of interferometry, ALMA’s 66 integrated 
antennas deliver a spectacular front row view of planetary forma-
tion, and its glimpse into the HL Tau region illuminates the detailed 
structure of a protoplanetary disk, eerily similar to the one that may 

have preceded our own Solar System. From this, we gain a deeper 
understanding of our own local cosmic evolution. 

ALMA promises to further our understanding of the universe as it 
continues to peer through the darkness of space. I can’t wait to see 
what exciting new discoveries await! 

JAMES NEGUS is currently pursuing his Ph.D. in astrophysics at the University of Colorado Boulder, 
and also serves as the ASP’s Junior Board Fellow. He analyzes active galactic nuclei and their role in 
galactic evolution utilizing the Sloan Digital Sky Survey. Find out more about James on his website.

This de-projected ALMA image of HL Tau shows the seven pairs of rings (B1 to B7 for bright rings, and 
D1 to D7 for dark rings) labeled. Rings that were confidently identified are labeled horizontally. Less 
distinct rings are labeled vertically. [Maryam Tabeshian and Paul A. Wiegert, 2018 ApJ 857 3]

http://astrosociety.org
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https://www.aanda.org/glossary/175-orbital-resonance
https://www.jimmynegus.com/
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A number of years ago an image appeared on social media 
purporting to show the setting Sun from the North Pole. 
While an aesthetically pleasing image, it showed a number 

of phenomena that are physically impossible given the image’s 
description. The image shows a crescent Moon hovering above the 
Sun with both reflected in an expanse of liquid between the viewer 
and a range of hills on the horizon. When measured, the Moon in the 
image appears about 15 times greater in diameter than the Sun. The 
two bodies are also on a line perpendicular to the horizon. The artist 
who created the image was not attempting to portray reality, but 
instead had the goal to create a scene designed to elicit a sense of 
wonder, connection, and calmness. 

This past holiday season, another image that seemed to cause 
similar confusion appeared on social media with the tagline of a 
Hubble Space Telescope image of a “Christmas Star.” The image (on 
the following page) showed a star with diffraction spikes and sur-
rounding concentric rings, all against a uniform field of stars, none of 
which display similar spikes. It turns out the image is a stock graphic 
from several years ago available on Getty Images and iStock. It’s an 
artist’s rendition, and not a photograph at all.

Other shared images frequently exaggerate the so-called Moon 
Illusion, where the Moon appears larger than normal as it rises 

above the horizon. Critical viewing of these images reveals details 
exposing them as artistic creations, like clouds in front of the Moon, 
a wide-angle view of the foreground with an enlarged view of the 
Moon, and/or a circular Moon with sharply defined edges. 

Images of Wonder?
Comparing artistic representations of astronomical objects with actual observations is an important part of developing a deeper understanding and 
appreciation for the actual phenomena.

This photo, which the author took the day before the Saturn-Jupiter conjunction, shows what observ-
ers could see through binoculars or a telephoto lens. Notice the faint, small dots in a diagonal line on 
either side of Jupiter; those are the four Galilean moons. [Brian Kruse]

by Brian Kruse

education matters

http://astrosociety.org
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The portrayal of astronomical phenomena in art is not something 
new to our modern age, although the sophistication of the imagery 
has increased given the availability of Photoshop and similar image-
editing software. All of these examples point out there is an ongoing 
fascination with astronomical phenomena, from both a utilitarian 
and an aesthetic viewpoint. From an educational standpoint, com-
paring these representations of the Moon with actual observations 
is an important part of developing a deeper understanding and 
appreciation for the actual phenomena.

At the same time as the “Christmas Star” image was making the 
rounds, another event was taking place in the sky: the conjunction 
of Jupiter and Saturn. For at least a week leading up to the closest 
appearance of the two giant planets I watched under clear skies not 
far from the Astronomical Society of the Pacific (ASP) headquarters 
in San Francisco. A few people joined me on the hill — socially dis-
tanced, of course — during the week leading up to the conjunction. 
However, on the night of the closest approach on December 21, a 
great many people arrived, as though it was a momentary phenom-
enon only seen on that one day. An astronomy researcher from San 
Francisco State University arrived with a telescope, which he shared 
with many of the casual viewers of the conjunction. Perhaps it was 
the excitement of something out of the ordinary to break the pan-
demic monotony. I would like to think there is a pent-up desire to 
experience something to provoke wonder, even if the actual viewing 
for most was just a couple of bright blobs close together in the sky 
— although even with low power binoculars people could resolve 
the planets into actual discs. 

Images and events may elicit an emotional reaction. People share 
viral images such as the fake “Christmas Star” and then they come 
out to see the conjunction of planets because they have this deep 
desire to connect to something larger than themselves, to explore 

their place in the greater cosmos. Artists include stars or the Moon 
to lend an added layer of meaning and realism to their work. As I 
have noted before in these columns, it is the spark of excitement 
and awe that ignites interest in learning more about astronomy and 
the universe. The lesson for educators, and what many of the pro-
grams at the ASP includes, is providing experiences for people so 
they can actively engage with what to them are mysterious objects 
in the sky. Pretty pictures are great, and even the inaccurate ones 
can spark wonder and lead to a teachable moment, but the chance 
to experience for oneself the majesty of our universe can lead to so 
much more. It’s akin to falling in love; the initial passion is breathtak-
ing, and hopefully will lead to a lifetime relationship. In the case of 
astronomy education, that relationship is with the universe itself. 

BRIAN KRUSE manages the formal education programs at the ASP.

This is an artistic rendering of the “Christmas Star,” and it does not represent reality. But even fake 
images can illicit  an interest in the universe. [iStock/4khz]

http://astrosociety.org
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Exam time brings a number of inevitable questions. “What sec-
tions from the book are covered?” “What do I need to know for 
the test?” “How should I study?” Students want to know, in no 

uncertain terms, exactly what is on the exam. They seem to be under 
the impression that it will be like a Jeopardy! match, facts that they 
either know or don’t know, and they would very much like the com-
prehensive list of facts to memorize.

Even after decades of teaching, we are still caught off guard by 
these questions. Have we not spent weeks wrestling with concepts 
during active learning sessions? Do they not remember the sheer 
number of questions involving hypothetical planets? What about all 
those lecture tutorials and ranking tasks they worked on with their 
group members while they came to fully grasp how luminosity and 
temperature and size were related? 

Didn’t they mean anything?
A few students will actually make appointments to meet during 

office hours, looking for pointers.
‘Ah, excellent, young Padawan. Let me see what you have so far,’ 

we think sagely.
The backpack is unzipped. The student reaches in and pulls out a 

sizeable stack of…
<a disturbance ripples through the force>
Flash cards!?!

In a galaxy far, far away, a planet winks out of existence. Its name 
was Bloom.

Students love memorizing. Okay, perhaps they don’t “love” memo-
rizing, but they can easily tell when they’ve succeeded at it. “Give me 
a list of words and definitions to memorize and I can ace this exam” 
is their version of Archimedes’ “Give me a lever long enough and a 
fulcrum on which to place it, and I shall move the world.”

Try using concept maps to help students learn how new information fits into the bigger picture.

This overview of Bloom’s taxonomy shows the kinds of cognitive processes often asked of students in 
educational settings. [Vanderbilt University Center for Teaching]

Mapping it Out
a little learning

by C. Renée James and  
Scott T. Miller

http://astrosociety.org
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But we want so much more from them. Those familiar with Bloom’s 
taxonomy know that “Remembering” is the lowest step on the ladder. 
It’s a necessary step, but we want them to climb so much higher!

We’re not alone. When Astro 101 instructors have been tasked 
with creating educational goals for their classes, there is little agree-
ment about specific content. Battles have been waged about the 
usefulness of teaching, for instance, lunar phases in an introductory 
class. There is one thing that everyone seems to agree on, and that is 
an emphasis on developing rich connections. Rather than list Every. 
Single. Fact. that students could memorize, instructors wanted their 
courses to focus on broad concepts and seeing how they fit together 
to create the Big Picture. (If you’re interested in some of these dis-
cussions, check out Partridge, B., and Greenstein, G., 2003, “Goals for 
‘Astro101’: Report on workshops for department leaders,” Astronomy 
Education Review, v. 2, p. 46. Tell them Scott and Renée sent you, and 
you’ll get a great seat.)

It isn’t simply the goal of astronomy instructors. According to 
their Benchmarks for Scientific Literacy, the American Association 
for the Advancement of Science argues that “A central Project 2061 
premise is that the useful knowledge people possess is richly inter-
connected.” Sure, facts are great for first graders, but as students 
move through middle school and high school and ultimately to 
university classrooms, scientific concepts become more intricate 
and intertwined. Ideally in the Astro 101 classroom, those concepts 
converge and become more complex connections of a larger con-
ceptual tapestry.

Our dream is to see the student produce a masterpiece of fully syn-
thesized understanding, not the stick figure that flash cards create.

If you want to move students beyond the flash card mindset and 
to see the big picture, you need to employ some kind of assessment 
that requires them to make the connections you want them to make.

This is where concept maps come in.
Concept mapping is nothing new. Even if you have never deliber-

ately used those two words together in that order, you have prob-
ably shown concept maps to your students. For instance, there is 
a diagram in nearly every Astro 101 textbook that illustrates the 
track that low-mass stars follow from main sequence star to giant 
to planetary nebula to white dwarf. The same diagram reveals the 
slightly more exciting fate of those one-in-a-million stars with higher 
masses. The massive star begins at the same basic place — main 
sequence — but then tracks to a supergiant then supernova. A fork 
appears on the diagram. Depending on the exact mass, these stars 
can leave behind either a stellar-mass atomic nucleus known as a 
neutron star or the legendary black hole.

It’s a picture our students see only after they have fought their 
way through the narrative description of the stages and the evolu-
tionary tracks on the HR diagram. 

Flash cards are the pedagogical equivalent of the horse’s front end in this widely circulated meme. [Ali Bati]

http://astrosociety.org
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https://access.portico.org/Portico/auView?auId=ark%253A%252F27927%252Fpgg3ztf7thg&auViewType1=PDF
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“Why didn’t you show us this 
at the beginning?” they demand 
to know. “It makes so much 
more sense!”

‘Aha, young Padawans. Now 
see you the connections,’ we 
think smugly.

Concept maps work to tie 
information together, showing 
the connections between those 
vocabulary words. Items that 
would show up on flash cards 
(e.g., planetary nebula) are now 
part of a larger storyline. It’s not 
just a “type of emission nebula.” 
It’s a phase in a low-mass star’s 
life, something that would take 
a paragraph on the back of the 
flash card to capture. Stellar 
evolution via flash card looks a 
bit like someone’s photo albums 
after a tornado. Sure, all the pic-
tures are there, but there’s no progression, no connections. 

Plenty of studies have shown the value of using concept maps, 
not just in the sciences, but also in the wider range of subjects that 
our students are studying. Concept maps can be assessment tools to 
measure the level of students’ understanding of the interconnected-
ness of science, to develop critical thinking skills, and to offer ways to 
help students better organize information. By using concept maps, 
we not only provide a more rich and robust way of viewing the con-
cepts we are teaching, we also provide our students with an invalu-

able tool they can use in any subject they study. In life, even. “Where 
does this fit in?” is a question you can ask of any new information.

So where can you start?
Thankfully, Professor Google has lots of pre-fab suggestions for 

anyone searching for “astronomy concept maps.” If you don’t find 
what you want there, several websites provide tools to help you 
generate a homemade concept map. You could even free-hand 
one. The story can be as simple or as detailed as you like. It can be 
augmented with each topic you cover so that the relationship of 

A basic diagram of stellar evolution shows the different pathways for stars of different masses, and how the evolutionary steps fit together. [ESA]

http://astrosociety.org
https://journals.sagepub.com/doi/abs/10.1177/00131640121971112
https://journals.sagepub.com/doi/abs/10.1177/00131640121971112
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new information to the big picture is continually reinforced. You can 
provide helpful hints along the way (e.g., a word bank), or ask stu-
dents to work together to determine what words or phrases should 
go next to the arrows and in the empty bubbles. 

You can’t simply show your students once and expect them to 
be overnight experts at concept mapping (or anything else, for that 
matter). If you want your students to visualize how everything is 
connected, you need to show them how, repeatedly, starting simply 

and growing in complexity over time until 
they get the hang of it. 

This is the study guide. This reveals the 
process of astronomical understanding.

But the students do so love their flash 
cards. No problem. Remembering is funda-
mental, after all, the base of Bloom’s tax-
onomy. For Astro 101, though, the key lies in 
understanding how each of those separate 
facts relates to the whole, where that flash 
card fits into the big picture. Truth be told, 
concept mapping is also a fantastic tool for 
you, the instructor. Why are you teaching 
this topic? Does it have a logical place in 
your course? If not, why are you teaching it? 

The universe is huge. You might as well 
map your own way through it. 

C. RENÉE JAMES is a science writer and Professor of physics and 
astronomy at Sam Houston State University, where she has taught 
introductory astronomy since 1999. She is the author of two books, 
“Seven Wonders of the Universe That You Probably Took for Granted” 
(2010) and “Science Unshackled” (2014).
SCOTT T. MILLER is a Professor of physics and astronomy at Sam 
Houston State University, where he has taught introductory 
astronomy for non-science majors and engaged in astronomy 
education research for 12 years. 

Here is an example of a fairly comprehensive concept map tying together virtually all of the “stars” part of a “Stars and Galaxies” class. [from 
Schau, C., Mattern, N., Zeilik, M., Teague, K.W. and Weber, R.J., 2001. “Select-and-fill-in concept map scores as a measure of students’ con-
nected understanding of science.” Educational and Psychological Measurement, 61(1), pp. 136–158.]
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Another Type of Gravitational Wave Detected?

Multiple radio telescopes across Earth watch compact stars’ quick blips 
of light as the stars complete hundreds of revolutions per second. 
Astronomers are looking for a delay in those cosmic stopwatches, 
called “millisecond pulsars,” changes in their otherwise consistent spins. 
Such a delay could indicate a passing gravitational wave, a ripple travel-
ing through space-time between that pulsar and Earth. After analyzing 
12.5 years of data of 47 such pulsars from the Arecibo 305m telescope 
and Green Bank Observatory, researchers have found “significant evi-
dence for a signal,” said astronomer Joseph Simon during a press con-
ference January 11 at the American Astronomical Society’s meeting.

Simon is part of the NANOGrav collaboration, which since 2007 
has used this pulsar method to look for low-frequency gravitational 
waves. Just as electromagnetic radiation falls across a spectrum, span-
ning radio waves to visible light to X-rays and beyond, gravitational 
waves also cover a spectrum. The ripples that have been announced 
in the past several years, from the Laser Interferometer Gravitational-
wave Observatory and Virgo, come from colliding black holes and col-
liding compact stars. NANOGrav is sensitive to gravitational waves at 
lower energy, ripples with wavelengths longer than Earth’s diameter.

For the first time, NANOGrav scientists say they have a signal, but 
they can’t yet say what it is. They’ve ruled out other known noise 
sources. The collaboration — based in North America — is working 
with international partners to verify the signal. They hope to know 
what’s causing the signal within a few years. — Liz Kruesi 

The North American Nanohertz Observatory for Gravitational Waves (NANOGrav) watches the radio 
blips of dozens of millisecond pulsars, fast-spinning compact stars. These stars and Earth are embedded 
in space-time, and as gravitational waves pass through this medium, they deform it. Those deforma-
tions will affect the rate at which the radio signals from those pulsars arrive at Earth’s observatories. 
[Tonia Klein/NANOGrav)]

space news
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Found: A Harmonious Planetary System

Astronomers have discovered thousands of planetary systems beyond 
our own, and each seems to add further variety to the types of sys-
tems that can exist. One such system, described in an Astronomy & 
Astrophysics, holds six exoplanets orbiting a star some 200 light-years 
away from us. A pattern of resonances governs five of those planets, 
meaning those five outer worlds orbit their orange star in harmony.

NASA’s TESS exoplanet hunter first discovered this star, known as 
TOI-178, dimmed from three worlds eclipsing it. Two of those three 
exoplanets curiously had similar orbits to each other, so researchers 
used ground-based telescopes and a satellite to study the system fur-
ther. The satellite, a mission called CHEOPS from the European Space 
Agency, launched in late 2019 specifically to follow-up exoplanet finds.

In the CHEOPS data of TOI-178, astronomers found four planets 
with orbits following a mathematical pattern, and they realized there 
should be one more in that same pattern. Further observations and 
analysis found that world. The star also hosts a sixth planet, closer to 
the star than the five that participate in the resonance pattern.

The five exoplanets in resonance follow a pattern of 18:9:6:4:3, 
meaning the second planet from the star (the innermost world of the 
pattern) completes 18 orbits in the amount of time the next planet 
(the third overall) completes nine, and so on. “The orbits in this system 
are very well ordered, which tells us that this system has evolved quite 
gently since its birth,” said co-author Yann Alibert from the University 
of Bern in a press statement.

Researchers used a different telescope to measure the gravita-
tional pull from the planets on their star, to learn about the planets’ 
densities and thus their makeup. The two innermost planets are 
both dense, rocky worlds. But TOI-178’s third planet is gaseous, like 
a mini-Jupiter. Scientists are puzzled as to how a dense world can sit 
so close to a gaseous planet. “This contrast between the rhythmic 
harmony of the orbital motion and the disorderly densities certainly 
challenges our understanding of the formation and evolution of 
planetary systems,” said Adrien Leleu from the Université de Genève 
and the University of Bern in a press statement.

With more than 4,300 exoplanets in more than 3,200 systems, many 
are bound to challenge astronomers’ theories. — L. K. 

The TOI-178 system, shown in this artist’s illustration, has a star slightly cooler than the Sun and six 
exoplanets, where five of them have resonant orbits. [ESA]

space news
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Nearby Brown Dwarfs Mapped

Astronomical surveys of the night sky produce enormous amounts 
of data. To work through the data, sometimes astronomers ask 
citizen scientist volunteers — members of the public who have an 
interest in science research — to help. Such a collaboration recently 
released a three-dimensional map of all the brown dwarf objects yet 
found in our Sun’s neighborhood. This map holds 525 of these so-
called “failed stars” within 65 light years of the Sun.

Astronomers think brown dwarfs follow the same formation 
method as a star: a cloud of cold gas and dust accretes as mass is 
attracted to mass, eventually that material condenses into a compact 
round object. But even at its most compact, that object isn’t dense 
enough to undergo nuclear fusion, and that means it doesn’t become 
a star. Instead, it’s a dense, cold object, bigger than a planet, and 
known as a “brown dwarf.” These objects are faint — they don’t radi-
ate energy as a star does — and that makes them difficult to find. 

Brown dwarfs have cooler temperatures than stars, which means 
they emit most of their radiation at lower energies than stars do. To 
find these objects, astronomers turn to infrared images. This new 
study used infrared images from Spitzer Space Telescope and the 
Wide-field Infrared Survey Explorer, and combined those with data 
from several visible-light telescopes. Tens of thousands of citizen 
scientists helped scour through images looking for brown dwarfs, 
as part of the Backyard Worlds project on the Zooniverse platform. 
Since this program launched in 2017, those users have made more 

than 7 million classifications and discovered 3,000 brown dwarfs. 
They’ve also found the oldest and coldest brown dwarf yet.

But astronomers wanted to do more than find these objects, they 
wanted to know what the Sun’s neighborhood looks like. They built 
up a comprehensive 3D map of all the known brown dwarfs within 
65 light years of the Sun. Included in the 525 mapped are 38 new 
discoveries, from Backyard Worlds citizen scientists.

Aaron Meisner, co-author of the new study and co-founder of 
Backyard Worlds, said in a press release about the discovery, “Thanks 
to the efforts of volunteers around the world, we have a better idea 
than ever of the objects in our cosmic backyard.” — L. K. 

Astronomers have mapped all known brown dwarfs within 65 light years of the Sun with the help of 
citizen scientists. Out of those 525 nearby worlds (shown as red dots in this visualization), 38 are new 
discoveries from volunteers. [NOIRLab/NSF/AURA/J. da Silva]

space news

http://astrosociety.org
https://www.zooniverse.org/projects/marckuchner/backyard-worlds-planet-9
https://arxiv.org/abs/2011.11616


24VOL. 50 NO. 1
WINTER 2021 TABLE OF CONTENTS

Famous Black Hole’s Mass Refined

The first suspected black hole ever discovered is about 1.5 times 
more massive than previously thought, say astronomers. This new 
research appeared in the March 5 issue of Science.

Cygnus X-1 was the first X-ray source discovered in the Cygnus 
constellation, in the 1960s. After additional X-ray studies in the fol-
lowing decade, scientists saw the radiation at that source varying, 
increasing, and then some of it disappearing. The likely culprit was a 
giant star who had an invisible partner, one who was siphoning gas 
from the star and into a surrounding disk. The material in that disk 
heated up by friction and glowed hotter and hotter into the X-rays, 
but then the toasty material came too close to the invisible partner, 
and fell into the gravitational sinkhole — a black hole. It took another 
couple decades to confirm Cygnus X-1 did in fact contain two objects: 
a bright massive star and an invisible black hole. Further observations 
found the black hole was 14.8 times the mass of our Sun. 

The new research used the Very Long Baseline Array, a collection of 
10 radio telescopes across the United States, to observe Cygnus X-1 
for six days in 2016. Astronomers then compared those data to obser-
vations from 2011 to measure the distance to the system. “If we can 
view the same object from different locations, we can calculate its dis-
tance away from us by measuring how far the object appears to move 
relative to the background,” said James Miller-Jones, a researcher at 
Australia’s Curtin University and the first author of the new study, in 
a press statement. “If you hold your finger out in front of your eyes 

and view it with one eye at a time, you’ll notice your finger appears to 
jump from one spot to another. It’s exactly the same principle.”

This parallax method provided the astronomers with a new, farther 
distance to Cygnus X-1, a variable that affects many other calculated 
values in the system. After recalculating the mass of each object, they 
found the black hole is actually 21 solar masses and the donor star is 
41 solar masses. This research makes the Cygnus X-1 black hole the  
most massive stellar-mass black hole discovered using electromag-
netic radiation. — L. K. 

The Cygnus X-1 system, shown in this illustration, consists of a black hole (at the right) and its 
massive, blue companion. This black hole was the first such object discovered, several decades ago. 
According to new measurements, the black hole is about 1.5 times more massive than previously 
thought. [International Centre for Radio Astronomy Research]

space news
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The Astronaut Astronomers

Human space crews have conducted astronomy 
experiments for over 50 years. Their role has 
changed with the technology — and it may be 
changing again.

By Steve Murray

The International Space Station’s Cupola module 
provides stunning views of Earth from space. [NASA]

http://astrosociety.org
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When the crew of Apollo 16 landed on the Moon in April 
1972, they set up the first astronomical telescope on 
another world, an instrument that explored the lunar skies 

in the ultraviolet (UV) band. While science and technology have 
changed dramatically in the decades that followed, astronomy has 
always been woven into the fabric of human spaceflight. Telescopes 
are still installed onboard today’s spacecraft, but the astronauts who 
accompany them have much different roles. 

Astrophysics with Apollo
In the 1960s and 1970s, only the US and the Soviet Union could 
launch humans into space. It was a political and scientific competition, 
so things moved fast and costs were steep. Carrying science experi-
ments onboard human space missions leveraged the return on these 
costs, so astronomy payloads often launched with astronaut crews.

Between 1969 and 1972, five Apollo missions each deployed a 
Solar Wind Composition Experiment on the Moon. The apparatus 
consisted of a metallic sheet mounted on a pole to collect particles 
from the Sun. Astronauts brought the experiment back with them, 
so data collection was limited to the duration of each surface mis-
sion. Nevertheless, the device yielded greatly improved measures of 
solar wind components. The Far Ultraviolet Camera/Spectrograph 
set up by the Apollo 16 crew was mounted on a tripod in the 
shadow of the lunar module, and the astronauts had to re-point the 
instrument periodically to capture different parts of the sky. They 
returned to Earth with 178 frames of precious camera film, demon-
strating that humans could conduct astronomy research outside 
Earth’s atmosphere, a feat impossible for the robotic spacecraft  
technologies of the time. 

Five months separated the final Apollo flight from the launch of 
the Skylab space station (May 1973). Skylab was the first spacecraft 

big enough to carry a major observatory: the Apollo Telescope Mount 
(ATM), whose four solar arrays gave the space station its iconic X-wing 
appearance. The ATM housed an array of scientific instruments to 
study the Sun. Astronaut crews manually operated the instruments 
and, as before, data were collected on photographic film that was 
brought to Earth after each mission. Film canisters were located out-
side the space station, so astronauts had to manually change them 

Apollo 11 astronaut Edwin (“Buzz”) Aldrin stands next to the Solar Wind Composition Experiment. [NASA]
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during spacewalks. Data from these observing sessions later contrib-
uted to Riccardo Giacconi’s share of the 2002 Nobel Prize in Physics. 

Science on the Salyuts
When Apollo 11 effectively ended the race for the Moon in 1969,  
the Soviet Union redirected its efforts toward developing long- 
duration capabilities in near-Earth space using a series of Salyut 

space stations. The Soyuz vehicles, first launched in 1967 as part of 
Soviet lunar landing goals, were reconfigured for ferry operations to 
the Salyuts — a service they still provide to the International Space 
Station (ISS) today.

Salyut 1, which flew in 1971, was the first space mission by any 
nation devoted to a single science instrument — the Orion 1 ultra-
violet telescope. The observatory measured the UV spectra of stars 
on film carried back to Earth with the crew. Because the Orion-1 
required manual operation, cosmonaut Viktor Patsayev became the 
first human to actually control a telescope from orbit. The Soviets 
modified Soyuz 13 to carry the Orion 2 space observatory for its flight 
in late 1973. This included improved versions of the instruments used 
on Salyut 1, but they still required the crew to operate them.

Things were more complicated for Salyut 4, however, after it 
launched in late 1974 with the Orbiting Solar Telescope (OST-1), 
a far-UV spectrometer, and other optical sensors and X-ray detec-
tors. When Soyuz 17 docked with the Salyut 17 days later, the crew 
found that the telescope’s mirror had been ruined by exposure to 
direct sunlight. In a remarkable display of ingenuity, the cosmonauts 
resurfaced the mirror themselves and then manually pointed the 
telescope using a stopwatch, a stethoscope, and the noises the mir-
ror made as it moved in its casing. The value of human presence in 
space had never been demonstrated so clearly.

Salyut 6 was an upgraded “second generation” space station, 
designed for longer occupation, when it launched in 1977. Its pri-
mary scientific instrument was the BST-1M multispectral telescope 
that could make observations in the infrared (IR), UV, and submilli-
meter bands. Although the instrument could operate only when the 
station was on the night side of Earth, and it had to stay closed the 
rest of the time, the BST-1M succeeded in gathering both IR Earth 
science data and UV characteristics of 28 celestial objects. 

On a spacewalk, astronaut Owen K. Garriott, retrieves an imagery experiment from the Apollo 
Telescope Mount, which was attached to the Skylab in Earth orbit. [NASA]
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Evolving in the ‘80s
Skylab deorbited in 1979, marking the end of a decade that demon-
strated the value of long-duration human presence in space. Astronauts 
and cosmonauts had established a clear role in operating and repairing 
space instruments, and had gathered knowledge that would have been 
lost without their presence. The ‘80s, however, would be the decade of 
the Space Shuttle and the Mir space station, two systems with much 
greater capabilities for hosting human science activities in orbit.

The first Shuttle (Columbia) launched in 1981, but astronomy 
missions didn’t commence until the summer of 1985 when Atlantis 
carried Spacelab 2, a reusable module developed by the European 
Space Agency (ESA) in its payload bay. Spacelab 2 experiments 
included both an X-ray telescope (XRT) and an infrared telescope 
(IRT) among its equipment set. Although the XRT performed well, 

however, experiences with the IRT taught astronomers important 
lessons about limitations of the Shuttle as an astronomical telescope 
base. Giovanni Fazio, Senior Physicist at the Harvard-Smithsonian 
Center for Astrophysics, was the Principal Investigator for the IRT. 
“Water vapor, which absorbs IR radiation, was being emitted from the 
tiles of the Shuttle, and small particles, probably paint, appeared in 
our telescope field of view,” says Fazio The solar experiments also had 
pointing trouble in the beginning, too, due to astronauts’ motion.

“We did manage to map the galactic plane,” he adds, “but the 
main conclusion was that the Shuttle environment wasn’t very good 
for IR astronomy.”

The Space Shuttle may have revealed some shortcomings as an 
observing platform, but its crews demonstrated solid skills for boost-
ing free-flyer space telescopes into distant orbits. Atlantis launched 

Paul J. Weitz, Skylab 2 pilot, sits at the Apollo Telescope Mount’s control and display panel. [NASA] The Salyut 6 space station launched in 1977. Here it’s shown with a docked Soyuz. [spacefacts.de/TASS]
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the Magellan spacecraft, for example, in May 1989 on a mission to 
map the surface of Venus by radar. Magellan was the first interplane-
tary mission launched from the Space Shuttle, and ended an 11-year 
gap in U.S. interplanetary probe missions. In October of the same 
year, Atlantis launched Galileo to study Jupiter and its moons. 

When Mir commenced operation in early 1986, it became the 
world’s only active space station. (Salyut 7 remained in orbit until 1991, 
but it wasn’t occupied after 1982.) Two “Kvant” expansion modules 

formed the backbone of Mir’s astronomy work. Kvant-1 launched to 
join Mir in early 1987 carrying the Glazar UV telescope, an X-ray tele-
scope, a wide-angle camera, and a series of high-energy detectors. 
Kvant-2 added a high-resolution camera, spectrometers, and X-ray  
sensors to the station’s astronomy suite when it arrived in late 1989.

Crews were now well-equipped to gather data from orbit about 
the physics of active galaxies and neutron stars. A cosmonaut worked 
from a pressurized cabin and pointed all of the X-ray instruments 
at the same source during operations. The period and inclination of 
the Mir orbit limited telescope use to about 20 minutes during each 
circuit, when Mir was near the equator and above Earth’s interfering 
radiation belts. Cosmonauts also had to strap into their seats during 
Glazar operation, as any movement within the station could ruin pho-
tographs, which required exposures of up to eight minutes each. 

Shuttle runs
The third Shuttle mission of 1990 played to the precise strengths 
of the spacecraft as a booster of free-flyer telescopes, and again 
demonstrated the value of astronaut crews to scientific success. The 
Hubble Space Telescope was released from the Discovery payload 
bay in April. “Actually, the Hubble Space Telescope was one of the 
important design drivers of the Space Shuttle,” says Bob Williams, 
Visiting Distinguished Osterbrock Professor at the University of 
California Santa Cruz, and Astronomer Emeritus and former Director 
at the Space Telescope Science Institute (STScI) in Baltimore, MD. 
“It was the largest thing you could fit in the payload bay.” Still, the 
concept of using the Shuttle and its crew for handling such a large, 
delicate payload was new and carried risks. “We had never under-
taken anything quite so complex in space,” added Williams. 

The now-famous problem with Hubble’s optics was apparent 
within weeks of its deployment as an aberration in the primary mirror 

This photo, looking down one of the Mir space station’s solar panels, shows a Kvant module at the 
diagonal. [NASA]

http://astrosociety.org
https://solarsystem.nasa.gov/missions/magellan/in-depth/
https://solarsystem.nasa.gov/missions/galileo/overview/
https://space.skyrocket.de/doc_sdat/kvant-1.htm
https://www.nasa.gov/mission_pages/hubble/main/index.html
https://www.nasa.gov/content/hubbles-mirror-flaw/


30VOL. 50 NO. 1
WINTER 2021 TABLE OF CONTENTS

degraded the clarity of its images. Computer reconstruction par-
tially compensated for the issue, but a real solution had to wait until 
December 1993 when the crew of Endeavor was able to conduct a 
repair mission. The success of their efforts is now a part of astronomy 
and spaceflight lore. Astronauts repaired and upgraded the telescope 
on four additional Shuttle missions through May 2009, maintaining it 
as one of the most productive astronomical observatories to the pres-
ent day (detailed in Mercury, Spring 2020). “NASA performed what 
is, without a doubt, the most important work ever accomplished in 
human spaceflight apart from the Apollo program,” says Williams.

Shuttles carried two Spacelab payloads during the decade on 
other missions dedicated entirely to astronomy. The first, Astro-1, 
flew aboard Columbia in late 1990 equipped with one X-ray and three 
UV telescopes that operated continuously during the nine-day mis-
sion. Although pointing system problems required ground teams to 
help aim the instruments, the observatory yielded the first accurate 
data of UV distribution in the universe. The second mission, Astro-2, 
flew aboard Endeavor in early 1995 with the same three UV tele-
scopes but, because Astro 2 flew at a different time of year than Astro 
1, the instruments could collect data from new regions of the sky.

New approach for a new millennium
The last crew left Mir in June 2000 and the first crew arrived at the 
International Space Station (ISS) barely five months later. That crew 
was delivered aboard a Soyuz spacecraft; Space Shuttle flights ini-
tially ferried several crews to the ISS, but the 2003 Columbia disaster 
cut the fleet’s capabilities, leaving the Russian Soyuz as the work-
horse for human transportation, especially after the Shuttle fleet 
ceased operation in 2011. Although the ISS offered powerful new 
science capabilities, the astronaut role had shifted; now, their inter-
action with astronomy experiments was minimal.

The ISS hosts five astronomy observatories from NASA, ESA, and 
the Japanese Aerospace Exploration Agency (JAXA). All are fastened 
to the exteriors of various ISS modules, all were installed remotely, 
and none require on-site operation. Astronauts may be nearby on the 
ISS, but their involvement is something to be avoided if possible. The 
Neutron Star Interior Composition Explorer (NICER), for example, is 
a NASA telescope delivered to the ISS in 2017 to study properties of 

In 1993, astronauts performed the first servicing mission on the Hubble Space Telescope and fixed the 
telescope’s flawed optics. [NASA]
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neutron stars. Independent operation was part of the design, accord-
ing to Keith Gendreau, the Principal Investigator for NICER at the NASA 
Goddard Space Flight Center (GSFC). “We wanted to have the mini-
mum astronaut involvement possible,” says Gendreau. “In fact, none.”

So why not just launch these telescopes as free-flyer satellites? 
Because other resources come ready-made for new researchers. “The 

space station has this large infrastructure that I don’t have to worry 
about,” says Gendreau. “You just have to connect to it.” 

And just because the crew don’t directly operate these instruments 
doesn’t mean they can’t support them in other, sometimes creative 
ways. The SOLAR telescope was an ESA experiment on ISS to observe 
solar emission, but “SOLAR can only operate when the Sun is visible to 
the instrument” said Astrid Orr, Physical Sciences Coordinator at ESA, 
via email. “These windows are followed by long periods of darkness 
due to the angle of the ISS.” The novel solution: “The ISS was temporar-
ily tilted on five occasions,” she added, “so we could ‘bridge’ periods of 
sunlight and obtain continuous data across daylight windows.”

The new millennium also saw the emergence of an ambitious 
Chinese crewed space program with the flight of the Shenzhou 5 
spacecraft in October 2003 with the nation’s first taikonaut. Five more 
launches with two- and three-person crews followed through 2016.

China launched their first crewed space laboratory, Tiangong 1, in 
September 2011. A second, upgraded station, Tiangong 2 launched 
in 2016 equipped with the POLAR gamma-ray burst detector, a coop-
erative project between Chinese and European scientists. Tiangong 
2 also launched a companion microsatellite, Banxing-2, while in orbit 
— a concept that the Chinese program could build on in the future.

China next plans to construct a modular space station. The Tianhe 
core module is slated to fly in 2021 (although schedules may slip) 
with two experiment modules following in 2022. These modules will 
support external experiments to test exposure to the space environ-
ment, high-energy bombarding cosmic rays, the vacuum of space, 
and the solar wind. Even more interesting is the planned Xuntian 
space telescope, expected to launch in 2024. The instrument has 
a design field of view 300 times larger than the Hubble Space 
Telescope and will orbit close to the Chinese space station so that 
crews can dock with the instrument for repairs and upgrades. 

In 1998, astronauts Jerry Ross and James Newman connected the Unity module to the Russian Zarya 
module of the International Space Station. [NASA]
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What comes next?
What began in the last century as a competition between two 
geopolitical superpowers has expanded to include the space pro-
grams and space crews of several nations. And now, non-state 
agencies are getting involved. The private corporation SpaceX suc-
cessfully launched two NASA astronauts to the ISS in the summer 
of 2020, marking the first time a non-government-agency ferried 
humans to orbit and the United States’ return to crewed spaceflight. 
Commercial companies are a burgeoning source of technical and 
financial resources, and whether they represent the true future of 
human spaceflight or only an important adjunct to governmental 
programs, they will play a major role moving forward. 

Astronomical science may or may not be a part of that mix, however. 
No plans have been announced for new human-tended telescopes as 
part of the NASA Artemis project or any commercial crewed programs. 
Designs for new space telescopes through the 2030s appear to all 

involve direct launch into high orbits by rocket, and even proposals for 
telescopes on the Moon speak mostly about robotic operation. Bob 
Williams sees this as the logical path forward. “Robotics technology 
lags human capabilities in space,” he says, “But once you match those 
capabilities, robots are cheaper, safer, and scale better. That’s the future, 
and the crossover may be coming sooner than we think.”

Nevertheless, the history of human support for space observato-
ries is now established: In the early decades when science needed 
telescopes above Earth’s atmosphere, it was working space crews 
who operated them, gathering the data and delivering the results to 
astronomers back on the ground. Today, the questions we’re asking 
about the universe would be far less interesting without the help of 
the human spaceflight program that brought us so far. 

STEVE MURRAY is a freelance science writer & NASA Solar System Ambassador. A former 
research engineer, he follows developments in astronomy, space science, and aviation.

Tianhe, shown in this artist’s illustration, is a proposed Chinese space station, slated for launch this 
decade. [China Manned Space Engineering Office]

The final flight of the Space Shuttle returned July 21, 2011. It marked the end of 30 years of this fleet 
of reusable crewed spacecraft. [NASA]
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cosmic views
by Liz Kruesi

Hope: A Martian Weather Probe

On February 9, the Hope spacecraft began orbiting Mars after a 27-minute insertion burn 
to reduce the probe’s speed by a factor of 10. This United Arab Emirates (UAE) mission, 
which launched just after midnight on July 20 Dubai time, makes the UAE only the fifth 

country to reach Mars successfully. 
The craft’s Emirates eXploration Imager (EXI) instrument captured this image of the Red 

Planet on February 10 from 15,350 miles (24,700 kilometers) above the surface. The craft’s 
other instruments are an infrared spectrometer and an ultraviolet spectrometer, and both will 
work together with EXI to study the Martian atmosphere. 

Hope is testing the rest of its instruments and then will change to an elliptical science orbit 
over Mars’ equator. The mission should last 1 Mars year (roughly 2 Earth years) and will study 
how weather changes throughout the day and the seasons. Hope will work to understand 
the Martian atmosphere’s dynamics, and thus how a once-wet Mars has become a dry, dusty 
world. [Emirates Mars Mission/EXI]

http://astrosociety.org
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cosmic views
by Liz Kruesi

Perseverance Lands Safely

On February 18 at 12:55pm Pacific Time, NASA’s Jet Propulsion 
Laboratory mission control erupted in applause as Mars 
gained its newest inhabitant. The Perseverance rover 

landed safely on the Martian surface, after an anxiety-
producing autonomous descent and landing. This spacecraft 
hosts a variety of astrobiology and geology instruments in addition 
to the Ingenuity quadcopter, which will test flight on another world for 
the first time.

The spacecraft followed a similar entry-descent-
landing sequence to the Curiosity rover in 
2012 — the so-called “seven minutes of 
terror.” After Perseverance touched the thin 
Martian atmosphere, it began slowing its veloc-
ity using a heatshield and thrusters, followed by a 
parachute. Once it was within a mile of the surface, 
the parachute was jettisoned, and then more thrusters helped 
slow its descent further. In the final several seconds of flight, the 
rover separated from the spacecraft via a skycrane, which softly 
set down the rover on the surface. The entire process was autonomous, 
meaning there’s no human intervention.

Three minutes after Perseverance touched down, mission control received the rover’s first 
photo of the landing site. Over the following several days, NASA released a video of the 
landing, an audio file of the thin Martian wind, and many photos — including this shot of 
Perseverance dangling from the descent vehicle via skycrane. [NASA/JPL-Caltech]. 
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The Triumphs of NASA’s Great Observatories
These four space observatories, which launched 
between 1990 and 2003, changed astronomy.

By Sarah Wells

The Crab Nebula is the remnant from the deadly explosion of a massive star. This image 
combines X-rays from Chandra, visible light from Hubble, and infrared radiation from Spitzer. 
Compton detected gamma rays from the Crab’s leftover central neutron star, and that image 
is at the right. [X-ray: NASA/CXC/ASU/J. Hester et al.; Optical: NASA/ESA/ASU/J. Hester & A. Loll; 
Infrared: NASA/JPL-Caltech/U. Minn./R. Gehrz. Inset:  NASA, Compton Gamma Ray Observatory]

http://astrosociety.org
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NASA’s four Great Observatories — the Hubble Space Tele-
scope, the Compton Gamma-Ray Observatory, the Chandra 
X-ray Observatory, and the Spitzer Space Telescope — have 

become a legendary monument to the collaboration and insight of 
the astronomical community, but this destiny did not seem quite 
so certain during the program’s inception in the 1980s. In 1986, 

this plan to host a family of four space telescopes could be fit into 
just 175 thirty-five-millimeter slides, which were passed around 
and placed on projectors at astronomical luncheons. The idea was 
straightforward: to coordinate the research of four upcoming space 
telescopes that would all cast their gazes into a different part of the 
electromagnetic spectrum — from visible light to X-rays to gamma 
rays and even into the infrared — to help one another tease apart 
never-before-seen astrophysical phenomena.

Hidden deeper within the slides was a plan for the next decades 
of astronomy and astrophysics — to study everything from gamma-
ray bursts to X-ray jets and black holes — and how a coordinated 
family of four space telescopes could help the community best 
explore these sources.

“Back in 1985, I think we failed — even as we loudly advocated 
for the need of them — to see how immensely powerful the Great 
Observatories would turn out to be and how quickly they would 
fulfill their initial promise of yielding novel insights into the workings 
of the cosmos,” wrote Martin Harwit, a driving force behind the Great 
Observatories program and former director of the National Air and 
Space Museum, in his book In Search of the True Universe: The Tools, 
Shaping and Cost of Cosmological Thought.

Fortunately for Harwit and the Great Observatories, one if its 
crowning jewels was well underway and set to launch in the spring 
of 1990: the Hubble Space Telescope.

In the beginning
The proposal for Hubble, which itself was based on a spy telescope, 
can be traced back to 1947, before even NASA itself existed. “Dr. Lyman 
Spitzer wrote a paper discussing the advantages of putting astronomi-
cal observing facilities in space,” says Carol Christian, Hubble Space 
Telescope Outreach Project Scientist at the Space Telescope Science 

NASA’s four Great Observatories launched into space to see infrared radiation, visible light, X-rays, 
and gamma rays. Earth’s atmosphere blocks much of that radiation from reaching the planet’s 
surface and smears the light that does make it. [NASA/CXC/M. Weiss]
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Institute (STScI). “He was envisioning something like our great ground-
based observatories… There was even this notion that, because they 
didn’t have digital detectors at the time, that they were going to put 
film in it and astronauts were going to go up and retrieve it.” 

Many years and iterations later, this idea would form into the first 
of NASA’s Great Observatories, the Hubble Space Telescope.

At its launch, Hubble was one of the most complex and expensive 
space telescopes to ever enter Earth’s orbit. Unlike ground-based 
telescopes, which were plagued by light smears created by Earth’s 
atmosphere, for the first time Hubble had a bird’s eye view to look 
into the cosmos. Using huge, reflecting mirrors — which themselves 

were a major innovation — Hubble settled in to stare deep into 
space and collect as much visible light as it could.

Some of Hubble’s most impactful discoveries, among its laundry 
list of incredible finds, says Lou Strolger, an Observatory Scientist at 
STScI, have been about the formation of stars in distant galaxies.

“If you’re trying to understand how atomic transitions happen, 
which is the process by which a lot of stars and galaxies emit light, 
it turns out that many of those interesting transitions are right there 
in the optical wavelengths,” explains Strolger. “It is complete cosmic 
coincidence that we [humans] can only see in those wavelengths, 
but it works out pretty well.” 

For 10 days in 1995, the Hubble Space Telescope stared at a nearly blank piece of sky. In the cumula-
tive data, which make up the Hubble Deep Field shown here, astronomers found hundreds of galaxies. 
This image is a reminder of how enormous the cosmos is. [NASA/JPL/STScI Hubble Deep Field Team]

The Tarantula Nebula (Doradus 30) shines in X-rays (blue), visible light (green), and infrared radiation 
(red) in this composite from Chandra, Hubble, and Spitzer. [X-ray: NASA/CXC/PSU/L. Townsley et al.; 
Optical: NASA/STScI; Infrared: NASA/JPL/PSU/L. Townsley et al.]
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Observations made with Hubble’s survey cameras, as well as those 
collected using its other instruments, have helped scientists around 
the world make discoveries about exoplanets and even the expan-
sion rate of the universe (aptly named the Hubble constant, after the 
same scientist the telescope is named for.)

To the highest energies
The next member of the Great Observatories program to join 
Hubble in space was the Compton Gamma Ray Observatory; it 
launched a year later, in April 1991 aboard NASA’s Space Shuttle 
Atlantis. Compared to its siblings, Compton was the shortest lived of 
the Great Observatories and was decommissioned in 2000. But even 
though this telescope’s working life was shorter, that doesn’t mean 
its impact wasn’t just as powerful, says Volker Schönfelder, a retired 
astrophysicist and the principal investigator for Compton’s COMPTEL 
instrument, which surveyed the gamma-ray sky.

In a steep departure from Hubble’s gaze on visible light, Compton 
trained its gaze on some of the universe’s most energetic and pen-
etrating light: gamma rays. At its launch, Compton was the first ever 
space telescope to deeply explore this part of the electromagnetic 
spectrum. During its nine-year mission, Compton was instrumental 
in identifying a new class of active galaxies powered by their central 
supermassive black holes and thousands of instances of gamma-ray 

bursts that were tell-tale signatures of events like neutron-star- or 
black-hole-mergers in the distant universe. 

“Through Compton, astronomers from all fields have recog-
nized that gamma-ray astronomy is essential to understand 
the most violent and energetic parts of the universe,” explains 
Schönfelder. “Since some of the objects even have their maximum 
of luminosity at gamma-ray energies, it is practically impossible 
to understand their emission processes without knowing their 
gamma-ray properties.” 

The center of our galaxy glows across all wavelengths. Here, the Spitzer infrared data are red, Hubble optical data are yellow, and Chandra’s X-ray data are blue. [NASA/JPL-Caltech/ESA/CXC/STScI]

+ + =

Compton’s instruments couldn’t resolve the same level of detail in our galaxy’s center, but this image 
was still important scientifically: it shows the gamma rays released when a cloud of antimatter met 
with regular matter and they annihilated. [W. Purcell (NWU) et al., OSSE, Compton Observatory, NASA]
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Despite its return to Earth in 2000 due to a faulty gyroscope, 
Compton opened a new world of high-energy astronomy that is still 
being explored today by observatories like the Fermi Gamma-ray 
Space Telescope and the Neil Gehrels Swift Observatory. 

Schönfelder says that working on this observatory was a highlight 
of both his personal and professional career.

A step along the spectrum
Following in Compton’s footsteps eight years later, the Chandra 
X-ray Observatory launched in July 1999 as the heaviest astrophysi-
cal payload the Space Shuttle carried, narrowly stealing the title 
from Compton. A step over along the electromagnetic spectrum 
from Compton, Chandra was designed to investigate in the X-ray. 
This space includes everything from studying supernova remnants 
and black holes to even following up on the source of gravitational 
waves made by a 2017 neutron star-neutron star merger.

Belinda Wilkes is a high-energy astrophysicist and former director 
of the Chandra X-ray Center. She says that a key contribution Chandra 
has made during its tenure so far is proving that X-ray astronomy 
provides an important perspective to the astronomical community.

“Chandra has really brought X-ray astronomy into the mainstream 
of astronomy,” says Wilkes. “More and more people are becoming 
involved in X-ray [astronomy], usually to do the multi-wavelength 
projects, which is very important.” She adds that active galaxies, for 
example, emit light across the electromagnetic spectrum, from radio 
waves to gamma rays, so to get a complete picture of these objects, 
“the more wavelengths you can observe the better.”

Another contribution that engineers are still working to match 
is the advanced optics of Chandra’s many mirrors, which Chandra’s 
current director Pat Slane says were “absurdly” advanced for their 
time. “If you go back to the earliest days of X-ray astronomy, they 

launched observatories that had no mirrors at all,” says Slane. 
“[These] were just looking at bright things in the sky and showing 
that you could see X-rays coming from discrete regions in the sky.” 

When Chandra’s mirrors were finally designed for X-ray astronomy 
in the late ’90s, Slane says, its mirrors were state-of-the-art and that no 
X-ray observatory since has been able to match its optical precision.

The last to launch
Following Chandra was the launch of the youngest and final Great 
Observatory, the Spitzer Space Telescope. It launched in the sum-
mer of 2003 onboard a Delta II 7920H rocket, making it the only 
Great Observatory to not launch via the Space Shuttle. The mission 

The Compton Gamma Ray Observatory’s Burst and Transient Source Experiment detected gamma-ray 
bursts all over the sky, proving these blasts do not originate in our galaxy’s plane. [NASA/CGRO]
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was officially completed in January 2020, but during its more than 
15 years in space, Spitzer helped scientists learn about some of the 
universe’s earliest days.

Mike Werner, Spitzer’s Project Scientist, says that Spitzer’s infrared 
vision is especially good for looking at the “old, the cold, and the dirty.”

“Because of the expansion of the universe, the radiation in optical 
or even ultraviolet wavelengths has [red] shifted into the infrared,” 
says Werner. “So the infrared is very powerful for studying the distant 
and early universe.” 

Spitzer was also incredibly instrumental in fostering a whole new 
kind of astronomical discipline in the study of exoplanets — which 

is something that the telescope wasn’t even designed to look for. 
In addition to its characterization of the Trappist-1 exoplanet sys-
tem, Spitzer also helped scientists pioneer the exoplanet detection 
method of gravitational microlensing, which is especially useful 
when looking at outer exoplanets. 

While Spitzer was launched after Compton’s decommission, and 
as a result didn’t have the opportunity for much direct science with 
Compton, it has worked extensively in partnership with Hubble 
(who Werner points out is its closest neighbor along the electromag-
netic spectrum) and Chandra. 

Take up the mantle
We are now some 40 years after the inception of the Great 
Observatories program and over 30 years after these observato-
ries themselves began to launch. While other ground-based and 
space-based telescopes have contributed crucial data and discov-
eries during the past few decades as well, it is clear that the Great 
Observatories program has far exceeded its goals as a vision of 
astronomy’s future.

“I consider the Great Observatories to be a tremendous monu-
ment — a tremendous human accomplishment,” says Werner. 

While two of the observatories no longer look at the cosmos, 
the discoveries made with these four observatories have trans-
formed the understanding of our universe. The next generation of 
telescopes — like the James Webb Space Telescope, Nancy Roman 
Space Telescope, and the Advanced Telescope for High-ENergy 
Astrophysics — are poised and ready to take over. 

SARAH WELLS is a science and technology journalist based in Boston who’s interested in 
how innovation and research intersect with our daily lives. Her work has been published 
in Undark, Smithsonian.com, Inverse, Gizmodo, and Space.com, among others.

Messier 82 is a galaxy actively churning out stars. [NASA/JPL-Caltech/STScI/CXC/U. of A./ESA/AURA/JHU]
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reflections
By Liz Kruesi

Magnetic Fields Among the Whirlpool

The sweeping spiral arms of the Whirlpool Galaxy (M51) hold 
stars, gas, and dust — and magnetic fields. Astronomers 
released this stunning composite January 14; it uses data 

from NASA’s Stratospheric Observatory for Infrared Astronomy 
(SOFIA) overlain on a Hubble Space Telescope image.

Astronomers used the HAWC+ instrument on SOFIA to collect 
polarized far-infrared light from M51. This type of radiation carries 
with it information about magnetic fields in which dust grains are 
embedded. With these observations, the researchers saw the mag-
netic field lines follow the Whirlpool’s inner spiral arms, but that 
relationship changes toward the galaxy’s outskirts. They think the 
small galaxy interacting with the Whirlpool may have something 
to do with this. [NASA, the SOFIA science team, A. Borlaff; NASA, ESA, 
S. Beckwith (STScI) and the Hubble Heritage Team (STScI/AURA)]
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