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It probably comes as no surprise that this issue 
of Mercury is very heavy (some might say super-

heavy) on the topic of black holes. But it might 
come as a surprise to hear that, despite the head-
lines proclaiming the opposite, Albert Einstein was 
actually wrong about their existence.

In the wake of the historic April 10 release of 
the Event Horizon Telescope’s first image of the 
supermassive black hole in the core of the galaxy 
M87 (see pages 16, 20 and 28 for more about this 
exciting news), I was asked by HISTORY.com to 
write a short article about the origins of black hole 
theory. Researching physics history isn’t something 
I dip into too often, so I was surprised to find that, 
despite formulating the theory that predicts the 
existence of black holes, Einstein was not a fan.

In a 1939 paper published in the journal 
Annals of Mathematics, Einstein argued against 
“Schwarzschild singularities”—a solution to gen-
eral relativity that formed the early mathematical 
framework for black holes. Einstein said the idea 
was “not convincing” and that the phenomenon 
could not exist in our universe. To Einstein, this solu-
tion of general relativity—formulated by German 
theoretical physicist Karl Schwarzschild before his 

death in 1916—was nothing more than an improb-
able mathematical curiosity, and as far as I can tell, 
Einstein remained, at best, ambivalent about the 
topic until his death in 1955.

So who was “right”? It was the scientists who 
used Einstein’s theory to predict the physical 
existence of black holes. From astrophysicist 
Subrahmanyan Chandrasekhar, who’s 1935 work 
created the astrophysical basis for their formation, 
to physicists Stephen Hawking and Roger Penrose 
who, in the 1960s, popularized the idea that black 
holes were an inevitable consequence of stellar 
evolution. Black holes weren’t actually called “black 
holes” until John A. Wheeler named them as such 
in 1967! In short, though Einstein provided the 
robust theory that has been proven correct time 
and time again, and barring any exotic non-black 
hole hypothesis for the appearance of M87* (see 
page 16), the famed physicist was actually wrong to 
conclude black holes couldn’t exist in nature. 

Dr. Ian O’Neill
Editor, Mercury

editor@astrosociety.org | @AstroSocietyPac

http://astrosociety.org
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The New Face of Mercury
As the ASP evolves the society’s iconic logo, we’ve been careful not to abandon our proud heritage. 

by Linda Shore

first word

In March of 1890, just over a year after the ASP was founded, the 
new society was looking for a logo design (apparently, market-
ing and branding is nothing new). The Board and Executive 

Director of the fledging organization wanted a logo 
embodying the ASP’s mission—to spread the news 
about exciting astronomical discoveries to profes-
sional and lay audiences. The new logo would 
grace ASP’s professional journal (Proceedings of 
the Astronomical Society of the Pacific), mem-
bership certificates, and stationary. Illustrator W. 
Lewis Frasier led the effort, and on January 31, 
1891, the Board of Directors approved the logo. 

The logo shows the god, Mercury—messenger 
of the heavens—holding his iconic staff, wearing 
his familiar helmet, and running on winged feet on 
top of the clouds. The stars and a large crescent Moon 
serve as his backdrop and the entire logo is encircled 
with the name of the society. Mercury’s right hand is raised 
high above his head, signaling he has something very important to 
announce to the world.  

With some slight modifications—including the addition of 
ASP’s blue and yellow colors—the logo has essentially remained 
unchanged. This year, as we celebrate the 130th anniversary of the 

ASP’s founding, we wanted to mark this accomplishment by refresh-
ing our iconic logo for use in the digital age. Our current logo looks 

wonderful and is easy to read in print, but when it appears on 
digital devices, it is too detailed to appreciate. But while 

modernizing our iconic symbol, we also wanted to 
make sure we didn’t abandon our roots or forget 

our illustrious history. In truth, our mission is 
fundamentally the same as it was 130 years ago—
bringing the awe and wonder of astronomy to 
the world. So we felt it was vitally important to 
keep our beloved Mercury front and center.

I am pleased and proud to present our new 
logo to you. I want to thank designer, David 

Barker, for helping us create an image that is both 
grounded in our past and will take us into the future. 

You’ll start seeing the new Mercury logo deputing in 
all of our publications and digital platforms over the new 

few weeks. Other changes are in the works as well—a new and 
improved ASP website, for example.  Stay tuned and keep looking 
up.  

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

http://astrosociety.org
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mercury news

Coming Soon! Mercury Online

Since 1972, the ASP’s Mercury magazine has been delivering high-
quality space news, opinions, guides and features to the Society’s 
members. Once a print-only magazine, Mercury went digital in 2007, 
still providing an inspirational resource, while evolving to cater for 
an audience who was increasingly looking toward their comput-
ers and smart phones for articles from their trusted ASP columnists, 
educators, and astronomy experts. Now it’s time for the next big 
Mercury evolution—we are getting our own online destination! 

For the last 130 years, the ASP has been one of the most highly-
regarded astronomical and educational institutions in the world, 
so it’s high time to unleash the voice of Mercury beyond our valued 
members. Working in tandem with our high-quality members-only 
quarterly Mercury magazine publication, Mercury Online will feature 
our recognized columnists, current space news, and Society news 
in a new and up-to-date blog format when the new ASP website 
launches in the coming weeks. Now nonmembers will be able to get 
a taste of what our members have known for decades—the ASP is 
a thriving community that leverages astronomy as a gateway to the 
sciences. 

We live in turbulent yet exciting times, so it is our hope that 
Mercury Online will showcase humanity’s drive to explore by deliver-
ing high-quality articles for members and nonmembers alike.  

Editor’s note: This article originally appeared in the April 2019 issue 
of ASP Insider.

The evolution of Mercury (from top to bot-
tom): First print issue (1972), first digital 
issue (2007), today. [ASP Mercury archive]

http://astrosociety.org
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Bennu Is Not Boring

After arriving at asteroid Bennu on Dec. 31, mission scientists with 
NASA’s Origins, Spectral Interpretation, Resource Identification, 
Security-Regolith Explorer (OSIRIS-REx) quickly realized their space-
craft was orbiting a different kind of space rock. With a mission to 
retrieve samples from Bennu’s surface and return them to Earth by 
2021, OSIRIS-REx has realized the task may be more difficult than 
anticipated. As if commanding a robotic probe from over 100 million 
kilometers (60 million miles) away to softly touch down and scoop 
asteroid chunks wasn’t hard enough, it turns out its surface is chock-
full of large rocks and boulders, without a flat landing site to be seen. 
But that’s not the strangest thing—Bennu is active. 

Far from being a frozen and static celestial body, Bennu is cur-
rently erupting with plumes of dust and rock, a display that’s been 
unfolding right in front of the spacecraft’s cameras. First detected on 
Jan. 6 from a distance of about 1.6 kilometers (approximately a mile), 
mission managers stepped up the number of observations, detect-
ing more plume events. Often plume debris is blasted clear of the 
asteroid’s surface and lost to space. Sometimes, pieces are launched, 
only to drop gently back onto the surface after spending a little time 
in orbit. Needless to say, mission scientists are more than a little 
excited.

“The discovery of plumes is one of the biggest surprises of my sci-
entific career,” said Dante Lauretta, OSIRIS-REx principal investigator 
at the University of Arizona, Tucson, in a NASA statement in March. 

“And the rugged terrain went against all of our predictions. Bennu is 
already surprising us, and our exciting journey there is just getting 
started.”

The rocky material on Bennu’s surface are thought to be primor-
dial, remaining unchanged since the birth of our solar system over 
4.5 billion years ago, so when OSIRIS-REx manages to grab some and 
bring it back for analysis, we may learn new things about the origins 
of our Sun, the planets, and, possibly, how life emerged. “We study 
asteroids like Bennu to learn about the origin of the solar system. 
OSIRIS-REx’s sample will help us answer some of the biggest ques-
tions about where we come from,” said Lori Glaze, acting director of 
the Planetary Science Division at NASA Headquarters.

This plume event was captured by OSIRIS-REx on Jan. 19. [NASA/Univ. of Arizona/Lockheed Martin] 

A rundown of some of the most exciting developments in space and time 

https://www.asteroidmission.org/where-is-the-spacecraft/
https://www.asteroidmission.org/where-is-the-spacecraft/
https://solarsystem.nasa.gov/news/877/nasa-mission-reveals-asteroid-has-big-surprises/ 
http://astrosociety.org
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Speeding “Cannonball Pulsar” Faces Galactic Exile

What’s careening through the galaxy at 2.5 million miles per hour 
while screaming with gamma-rays? Discovered by NASA’s Fermi 
Gamma-ray Space Telescope and the Very Large Array (VLA) in New 
Mexico, this bizarre object is a pulsar that’s been blasted clear of 
where it was born and is now on an epic journey through interstellar 
space, doomed to be exiled from our galaxy forever.

Pulsars are rapidly-spinning neutron stars that generate intense 
beams of radiation from their magnetic poles. Should these beams 
sweep across our field of view, they appear as a flash, and in the case 
of PSR J0002+6216, it’s spinning at nearly nine times a second, pro-
ducing a flash of gamma-ray radiation on each rotation. It was origi-
nally found in 2017 via the citizen science project Einstein@Home, 
which uses idle processing time on home computers to detect 
the gamma-ray emissions from Fermi. The project has detected 23 
gamma-ray pulsars to date, but J0002 is one of the most extreme.

Resembling a dart shooting from a bubble-like supernova rem-
nant called CTB 1, the origin of this pulsar is obvious: it was created 
when a massive star ran out of fuel and exploded some 10,000 years 
ago. But for reasons that aren’t entirely clear, it was kicked from the 
explosion at high speed—it’s now located 13 light-years from CTB 1. 
One hypothesis is that when the supernova detonated, there was a 
clump of dense matter that gravitationally interacted with the pul-
sar, sling-shotting it away at high speed.

It’s interesting to think that, for 5,000 years, the pulsar would have 

been completely enveloped inside the expanding supernova rem-
nant, as the cooling gases rapidly expanded much faster than the 
pulsar’s pace. As the remnant’s outer shell interacted with the tenu-
ous interstellar medium, however, it experienced drag and slowed 
down. The pulsar, being an ultra-dense stellar lump of degenerate 
matter, is like a cannonball, cutting through the interstellar gases as 
if it isn’t even there. The “cannonball pulsar” therefore emerged from 
the shell five millennia ago, overtaking the slower supernova rem-
nant.

Astronomers plan on observing this exotic object with the Very 
Long Baseline Array (VLBA) and NASA’s Chandra X-ray Observatory 
in hopes of better understanding the nature of these rare interstel-
lar—and, eventually, intergalactic—cannonballs.

The pulsar can be seen as a radio-emitting dart (orange line) revealing its supernova origin. [NRAO] 

https://www.nasa.gov/feature/goddard/2019/nasa-s-fermi-satellite-clocks-cannonball-pulsar-speeding-through-space
https://einsteinathome.org/
http://astrosociety.org
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How An Earthquake Can 
Shake the Stars

Locating a telescope right next to a 
tectonic boundary may not sound 
like the best place to do astronomy, 
yet some of the world’s most sophis-
ticated observatories are located 
high in the Atacama Desert in Chile 
where the ground is never quiescent 
for long. 

While the ESO’s La Silla’s tele-
scopes are accustomed to quakes 
big and small—and are protected by 
various technologies to prevent seri-
ous damage—quakes are certainly 
noticed. And, sometimes, the astro-
nomical effects can be quite pretty. 

On Jan. 20, a strong 6.7-magni-
tude earthquake hit Coquimbo, 
Chile, killing two people and cut-
ting power to 200,000. Ninety kilometers away, the Rapid Action 
Telescope for Transient Objects (TAROT) telescope at La Silla was 
actively imaging geostationary satellites that would appear as 
stationary dots in the sky against a backdrop of star trails. When the 
quake struck, however, TAROT imaged a whole lot more.

On reviewing the observations, astronomers noticed that the 
seismic shimmy had been recorded in three 10-second observations 
of the star trails in rapid succession. You can see the effect in this 
image, where the seismic information has been recorded in star trails 
in a similar way quakes are recorded by seismographs on paper. 

[ESO/A. Klotz (TAROT)]

ttps://www.eso.org/public/images/potw1910a/
ttps://www.eso.org/public/images/potw1910a/
https://santiagotimes.cl/2019/01/20/6-7-strong-earthquake-shakes-north-central-chile/
https://santiagotimes.cl/2019/01/20/6-7-strong-earthquake-shakes-north-central-chile/
http://astrosociety.org
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This Isn’t a Comet, It’s an Asteroid in Serious Trouble

Having a stressful day? Well, spare a thought for asteroid 6478 Gault 
that is, quite literally, falling apart.

The asteroid may look more like a comet, but with the help of 
a collaboration of observatories—including the Hubble Space 
Telescope, which captured this image—astronomers are a step 
closer to understanding why this enigmatic object has grown two 
impressive tails.

Gault is a main belt asteroid that orbits the Sun between Mars and 
Jupiter. Although it was discovered in 1988, its troubles have only 
just been realized. You see, Gault is on a self-destructive path that 
will ultimately see it disintegrate. The asteroid is approximately four 
kilometers (2.5 miles) wide and, through a process known as the 
Yarkovsky-O’Keefe-Radzievskii-Paddack (or, simply, YORP) effect, it is 
slowly being “spun up” by the Sun’s radiation.

When sunlight heats up the Sun-facing side of a rotating asteroid, 
the heated surface will emit infrared radiation. Though very slight, 
this radiation will create a force that will slowly increase the torque 
being applied to its spin, causing it to rotate faster. As it spins faster 
and faster, the asteroid’s centrifugal force will increase, making its 
structure highly unstable—the asteroid will fracture, shed rubble 
and dust, and ultimately break apart. This is what Hubble has cap-
tured here, Gault is losing material to space and, like a comet’s two 
tails, dust is being blown away by the solar wind and magnetic field.

“This self-destruction event is rare”, said Olivier Hainaut of the 

European Southern Observatory, in a statement. “Active and unsta-
ble asteroids such as Gault are only now being detected by means of 
new survey telescopes that scan the entire sky.”

It’s thought that Gault has been struggling to hold it together for 
some time, and it has reached a critical rotation rate of two hours, 
meaning any rubble on the surface will freely roll about before over-
coming the asteroid’s weak gravity and drifting into space.

“Gault is the best ‘smoking-gun’ example of a fast rotator right at 
the two-hour limit,” said Jan Kleyna of the University of Hawaii. “It 
could have been on the brink of instability for 10 million years. Even 
a tiny disturbance, like a small impact from a pebble, might have 
triggered the recent outbursts.”

[NASA, ESA, K. Meech and J. Kleyna (University of Hawaii), O. Hainaut (ESO)]

https://en.wikipedia.org/wiki/Yarkovsky%E2%80%93O%27Keefe%E2%80%93Radzievskii%E2%80%93Paddack_effect
https://www.spacetelescope.org/news/heic1906/
http://astrosociety.org
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Did LIGO Detect a Black Hole-Neutron Star Smash?

Gravitational wave astronomy helps us see the unseeable in the 
deep cosmos and now the world’s gravitational wave observatories 
have detected something else go “bump” in the night—a possible 
black hole-neutron star collision.

Until now, all of the detections by the U.S.-based Laser 
Interferometer Gravitational-wave Observatory (LIGO) and the Italy-
based Virgo detector have been of two black holes or two neutron 
stars colliding and merging. The latest candidate signal, which 
rattled our gravitational wave detectors on April 26, is a little more 
exotic.

“The universe is keeping us on our toes,” said Patrick Brady, 
spokesperson for the LIGO Scientific Collaboration and a profes-
sor of physics at the University of Wisconsin-Milwaukee, in a state-
ment. “We’re especially curious about the April 26 candidate. 
Unfortunately, the signal is rather weak. It’s like listening to some-
body whisper a word in a busy café; it can be difficult to make out 
the word or even to be sure that the person whispered at all.”

Further analysis is needed to confirm the identity of this event—
designated S190426c—but if it is what LIGO-Virgo researchers think 
it is, it’ll be a first. If it does turn out to be a hybrid collision, where a 
neutron star met its black hole demise, the LIGO-Virgo collaboration 
estimates it happened some 1.2 billion light-years away.

Although exciting, this isn’t the only candidate signal the recently-
upgraded LIGO-Virgo collaboration has detected. Only one day 

before, on April 25, the spacetime ripples from a possible collision 
between two neutron stars was also detected—a signal designated 
S190425z. This clash is thought to have occurred 500 million light-
years away, but only one of the two LIGO detectors were opera-
tional at the time, adding uncertainty to the observation—the LIGO 
Livingston (Louisiana) and Virgo detectors made the measurement, 
LIGO Hanford (Washington) was offline at the time. 

Astronomers are now seeking any gamma-ray bursts that may 
have occurred on April 25 as, when two neutron stars collide, huge 
amounts of energy can be generated in both gravitational and 
electromagnetic waves, potentially making this the second multi-
messenger neutron star collision to be detected.

When two neutron stars collide, heavy elements are forged in the resulting kilonova. [LIGO]

https://www.caltech.edu/about/news/ligo-and-virgo-detect-neutron-star-smashups
https://www.caltech.edu/about/news/ligo-and-virgo-detect-neutron-star-smashups
http://astrosociety.org
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InSight’s First Marsquake... But “the Mole” Is Stuck

After months of waiting, NASA’s InSight lander has confirmed its 
first faint earthquake on Mars. The rumble, or “marsquake,” occurred 
on April 2 (128 days after the mission touched down on Elysium 
Planetia), confirming the planet is seismically active. The signal was 
detected by InSight’s Seismic Experiment for Interior Structure (SEIS), 
a dome-shaped instrument that was carefully placed on the dusty 
surface in December. Now that NASA has confirmation of InSight’s 
first marsquake, mission scientists hope to detect many more to 
reveal what makes the Red Planet tick.

“We’ve been collecting background noise up until now, but this 
first event officially kicks off a new field: Martian seismology!” said 
InSight Principal Investigator Bruce Banerdt of NASA’s Jet Propulsion 
Laboratory (JPL) in Pasadena, Calif., in a statement. 

Although this first seismic shimmy is a huge step in the right 
direction for InSight, one of its other experiments hasn’t been so 
fortunate. The Heat and Physical Properties Package (HP3), a.k.a. 
“the mole,” is a tethered probe that is designed to hammer its way 
below the surface to measure the flow of heat from the cooling 
planet. After deployment, the probe began hammering its way 
underground on Feb. 28, but almost immediately it was in trouble. 
Designed to dig up to five meters (16 feet) deep, the 40-centime-
ter (16-inch) -long probe only got three-fourths out of its housing 
structure before it hit something hard, skewing its planned vertical 
route by 15 degrees. Taking cues from the loose soil composition on 

the surface, scientists had hoped that there would be few large rocks 
below, but it would appear that the mole found one or hit a layer of 
hard gravel.

In a series of tests, InSight is using SEIS to listen to the vibrations 
caused by the mole’s hammering in case new information can be 
revealed about the composition of the obstruction. As of April 11, 
tests were ongoing and a replica HP3 is being used by engineers to 
see if its feasible to use the lander’s robotic arm “to lift or move the 
mole’s support structure as it digs,” with hopes that it may dislodge 
whatever is blocking its path. 

The mole’s support structure (left) and the dome of SEIS as imaged by InSight on sol 153 of the mis-
sion. [NASA/JPL-Caltech] 

https://www.jpl.nasa.gov/news/news.php?feature=7383
http://astrosociety.org
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If you were asked to identify these names, how would you answer? 
Simon Bredon, John Ashenden, William Rede and Walter Elveden. 
Even most historians of astronomy may have difficulty with this 

list, but in the 14th Century these were the greatest astronomical 
names in England according to a Middle English text.

Here I will concentrate on Bredon (c1310-1372), whose life and 
work has been investigated by Keith Snedegar of Utah Valley 
University. 

In the Almagest, compiled around 150 CE, Ptolemy wrote of 
lunar occultations. Many of the observations of ancient Babylonian 
astronomers were included. Bredon did not merely read Ptolemy’s 
work—beginning in 1340 he actually composed an exposition on it. 
An early stellar occultation by the Moon listed by Ptolemy is dated to 
283 BCE (when the Pleiades were covered by the Moon on January 
29).

We are concerned here with Aldebaran, which at magnitude -2.1 
is the brightest star (aside from our own Sun) that the Moon can 
occult. The first recorded instance of Aldebaran being occulted by 
the Moon comes from Japan, dated March 4, 640.

Occultations of Aldebaran occur in series. The last one ended in 
2018, for the next you have to wait until 2033, but even then your 
geographical location is key. The first one, on August 18, 2033, will 
be best seen in Scandinavia, but North America will not be treated 

to the spectacle until October 12 of that year.
We cannot be sure that Bredon was aware of the timing of 

Aldebaran occultations, but he was at least lucky enough to see one, 
despite the cloudy conditions prevalent in England. He witnessed 

The Occultation of Aldebaran in 1347
How an occultation event helped a 14th Century astronomer reconnect with Ptolemy’s era.

As the Moon drifts in front of a distant star—an event known as an occultation—key celestial mea-
surements can be made. [Photo by Alex Andrews from Pexels, edit by Ian O’Neill]

by Clifford J. Cunningham

annals of astronomy

https://www.britannica.com/topic/Almagest
https://www.pexels.com/photo/full-moon-821718/
http://astrosociety.org
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Aldebaran occultation, Venus was in conjunction with 
Regulus. In fact, the conjunction was so close it was 
actually an appulse. Bredon wrote that he could not 
discern them as separate objects. It has been cal-
culated the distance separating Venus and Regulus 
(mag. 1.5) was just under 10 minutes of arc, a distance 
that a person with perfect vision could distinguish. 
Perhaps Bredon was a bit near-sighted! 

Bredon compared the longitude of Regulus from 
the Almagest with his calculated position for Venus 
at the time of the appulse. He further took Ptolemy’s 
position of Aldebaran and compared it to his calcu-
lated position of the Moon. Armed with this data, he 
calculated a motion of the stellar sphere in the past 
1,200 years to be somewhere between 18.04 degrees 
(from the occultation event) and 18.45 degrees (from 
the appulse). This is quite close to the real figure of 
16.76 degrees over a 1,200-year interval.

For decades afterwards he was credited with this 
discovery. For example, a 1397 edition of an earlier 

book by Walter Odington credits him with having found the motion 
of the “eighth sphere” to be 18 degrees. This reflects the idea derived 
from Ptolemy that the Earth was at the centre of the universe, sur-
rounded by spheres in which the Sun, Moon and planets orbited. 
The eighth sphere was the domain of the stars.

Bredon is still waiting for his pioneering work to be recognized by 
having an asteroid named in his honor. 

DR. CLIFFORD CUNNINGHAM was recently seen chatting with Mr. Spock (Zachary Quinto) in 
Austin, and Capt. Kirk (William Shatner) in Pensacola.

this spectacle on September 25, 1347, and his likely location was 
Oxford, as he was a scholar at Merton College there from 1330-1348. 

Bredon was not just a casual observer of this event. From his work 
on the Almagest, he knew Ptolemy had computed the apparent 
positions of the Moon, and the stars it was occulting, for the purpose 
of measuring one of the most profound discoveries of ancient sci-
ence—the precession of the equinoxes. How much had this preces-
sion advanced since the time of Ptolemy, some 1,200 years before 
his time?

Bredon was doubly fortunate in that September month of 1347, 
as another bright star came to his aid. Just 11 days before the 

The most recent occultation of Regulus occurred in February 2018 and, as this figure depicts, seeing the Moon occult the 
bright star was very dependent on location. In Japan, if you were observing in the north of the country, you had a good 
chance of witnessing the occultation; in the south, you wouldn’t have been so lucky. [NAOJ]

https://en.wikipedia.org/wiki/Appulse
http://astrosociety.org
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astronomer’s notebook

by Jennifer BirrielWhen Darkness Swallows the Moon
Lunar eclipses can help us understand meteoroid impacts and exoplanet atmospheres.

Lunar eclipses once struck fear in the hearts of ancient people 
around the world. These days, such events are promoted like 
rock concerts—and the January 2019 lunar eclipse was no 

exception. Having participated in the Citizen CATE project back in 
August 2017, I began to consider the scientific value lunar eclipse 
observations: it turns out there’s a lot we can learn. This total lunar 
eclipse was visible throughout the Americas and substantial por-
tions of Europe and Africa. While amateur and professional obser-
vatories live-streamed the event, observers witnessed a bright flash 
of an impacting meteoroid on the east side of the Moon. The event, 
confirmed by the Moon Impacts Detection and Analysis System 
(MIDAS), was the first impact witnessed during a total lunar eclipse!

Meteoroid impacts are common, but the darkness of a total lunar 
eclipse and observations from multiple locations around the world 
provided a unique data set to study the unprecedented event. 
Using data from both video and photos, researchers estimated the 
origin and orbital properties of the impactor, as well as its speed 
and energy of impact. They calculated that the resulting crater is 
between 5-10 meters in diameter, which should be detectable by 
future lunar probes. 

Since a total lunar eclipse occurs when Earth is between the Sun 
and the Moon, sunlight incident on the terrestrial atmosphere can 
be absorbed, refracted, and scattered.  The refracted and scattered 

light illuminates the surface of the Moon during eclipse. This light is 
reflected back to observers on Earth and can be studied using pho-
tometry, spectroscopy, or spectropolarimetry.

Lunar eclipse photometry in the visible spectral region dates back 
to 1895 and was first used to probe the structure of Earth’s atmo-

During a lunar eclipse, the Moon may turn red by sunlight scattering through the Earth’s atmosphere. 
By measuring this effect, information about the solar spectrum, the lunar surface, the Earth’s atmo-
sphere, and even the atmospheres of distant alien worlds can be revealed. [ESO/P. Horálek]

https://www.nso.edu/citizen-cate/
https://arxiv.org/pdf/1901.09573.pdf 
http://adsabs.harvard.edu/abs/1895ApJ.....2..293V
http://adsabs.harvard.edu/abs/1895ApJ.....2..293V
http://astrosociety.org
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sphere in 1928. By 1959, lunar eclipse photometry was being used to 
study terrestrial ozone and by 1967 to examine the effect of volca-
nic activity on atmospheric extinction. More recently, narrow-band 
infrared photometry during lunar eclipses was used to examine 
the distribution atmospheric of water vapor and aerosols. In 2018, 
Giovanni Di Giovanni used historical lunar photometry from 1670 to 
2015 to examine the evolution of Earth’s atmosphere. He found that 
volcanic and human activity have increased stratospheric aerosol 
levels over the last century. 

The sunlight transmitted through Earth’s atmosphere carries with 
it the spectral signature of Earth’s atmospheric composition and the 
imprint of the solar spectrum. Although we can probe the terrestrial 
atmosphere directly, we cannot do the same for Earth-like exoplan-
ets, small worlds orbiting distant stars. Several groups are now using 
observations of Earth’s transmission spectrum during lunar eclipses 
to serve as a benchmark for exoplanet transit studies.  As an exo-

planet transits the disk of its parent star, the brightness of the star 
varies from the edge of the stellar disk to its center. Understanding 
how stellar limb darkening will affect spectroscopic observations 
is critical. The limb-darkening effect is clearly visible on the Sun, so 
some groups are studying Fraunhofer line variations during lunar 
eclipses to help inform future exoplanet studies. Another application 
of lunar eclipse spectroscopy is the search for biomarkers like oxy-
gen and ozone to identify habitable exoplanets. Transmission spec-
troscopy from a 2011 lunar eclipse detected molecular oxygen and 
water and demonstrated that sunlight reached atmospheric depths 
down to 10 kilometers above the ground!

In 1968, a study found that light reflected from the lunar surface 
during a total solar eclipse is polarized. The effect is small, only 
two percent of the integrated light of the lunar surface, and this 
phenomenon was forgotten until 2011. The degree of polarization 
observed during lunar eclipses suggests that the polarized light 
arises from more than one scattering event in the terrestrial atmo-
sphere and that high-altitude clouds are a contributing factor.

Spectropolarimetry (the measurement of polarization as a func-
tion of wavelength) acquired during the 2015 lunar eclipse con-
firmed a 2-3 percent polarization between the visible wavelengths 
of 500 and 600 nm. This level of polarization is consistent with 
double scattering of photons in the terrestrial atmosphere. This 
study also revealed a polarized feature around 760 nm, which is 
associated with molecular oxygen, opening up the possibility that 
spectropolarimetry may become another useful tool in future search 
for habitable exoplanets. 

DR. JENNIFER BIRRIEL is Professor of Physics in the Department of Mathematics & Physics at 
Morehead State University in KY.  She thinks this might be the “Year of the Moon” since this is her sec-
ond column in a row with the Moon in a starring role!

The meteorite flash during the January lunar eclipse was witnessed by multiple observers around the 
world. [Jose M. Madiedo]

http://adsabs.harvard.edu/abs/1929PASP...41..297K
http://adsabs.harvard.edu/abs/1959AZh....36..564F
http://adsabs.harvard.edu/abs/1967PASP...79..178M
http://adsabs.harvard.edu/abs/1967PASP...79..178M
http://adsabs.harvard.edu/abs/2008JQSRT.109..378U
http://adsabs.harvard.edu/abs/2008JQSRT.109..378U
http://adsabs.harvard.edu/abs/2018JBAA..128...10D
http://www.ing.iac.es/PR/press/eclipse.html
https://www.britannica.com/science/limb-darkening
https://www.aanda.org/articles/aa/pdf/2015/02/aa25220-14.pdf
https://academic.oup.com/pasj/article-abstract/70/5/84/5056030?redirectedFrom=PDF
http://adsabs.harvard.edu/abs/1970AJ.....75...54C
http://adsabs.harvard.edu/abs/2011GeoRL..3814805G 
https://academic.oup.com/pasj/advance-article-abstract/doi/10.1093/pasj/psz017/5372637?redirectedFrom=fulltext
http://adsabs.harvard.edu/abs/2017AJ....154..213T
http://astrosociety.org
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armchair astrophysics

by Christopher WanjekThe EHT: You Ain’t Seen Nothing Yet
The collaboration’s first image has given us a glimpse of what the future of event horizon studies may look like.

On April 10, 2019, an international team of astronomers 
presented humanity’s first image of a black hole.  You likely 
know this, unless you’ve been hiding out inside a black hole.  

Well, even then, you might know, because information does go in; it 
just doesn’t come out.

If you’re like me, you probably read or watched numerous press 
reports and news conferences about this “singular” event.  My 
favorite explanation is by Derek Muller at the YouTube channel 
Veritasium, who delves into the complexity of interpreting the 
image, which is highly distorted with light bending over, under, and 
around this black hole.

Capturing a black hole image—in this case, a supermassive black 
hole with the mass of billions of suns in Messier 87 (M87), a galaxy 
53 million light-years from Earth—is a remarkable feat.  The effort 
involved more than 200 astronomers, physicists, engineers, and 
mathematicians from around the world. 

Consider that one of the best images of M87 is from the Hubble 
Space Telescope. We see a blur of a galaxy core and a particle jet 
extending for nearly 5,000 light-years. To image the black hole in 
that core, astronomers had to increase the resolution by many 
orders of magnitude beyond Hubble.  As resolution is determined by 
telescope size, that implied a telescope the size of the entire Earth.  

Enter the Event Horizon Telescope (EHT), a network of indepen-

This simulated view of the hot region immediately surrounding the event horizon of a black hole 
largely agrees with the physics reality of the EHT’s first observations, but that doesn’t mean there 
won’t be surprises in the future. [EHT Collaboration]

https://www.youtube.com/watch?v=S_GVbuddri8
https://www.youtube.com/watch?v=S_GVbuddri8
http://astrosociety.org
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dently operating radio telescopes in North America, South America, 
Europe, Africa, Antarctica, and Hawaii.  Through the process of inter-
ferometry, astronomers could tie together these radio telescopes to 
create a virtual “dish” the size of the total circumference traced about 
by locations. (See Steve Murray’s EHT feature on page 28)

On four days in April 2017, astronomers aligned these telescopes 
to observe M87*, the supermassive black hole suspected in M87’s 
core. The resulting image is a big deal mostly in that it is an affirma-
tion that this type of resolution could be achieved. And it matches 
up rather well to the weirdness we’d expect from theory.  

Is this the final proof of a black hole? Despite the excitement, 
astronomers really can’t say. Just going by this image alone, one can-
not rule out the existence of a hypothetical compact object such as 
a boson star or gravastar. 

One caveat is that the image is in radio. Have you ever seen a 
radio image of the Moon? You can tell the Moon is round, but it is 

difficult to discern other defining features (as you can see here). The 
predominant light around an active black hole is in the X-ray band, 
because energies are so high. X-rays could get us closer to the most 
active black holes for a complementary view to better understand 
the nature of the central engine.

“X-rays come from very close in,” said Christopher Reynolds, the 
Plumian Professor of Astronomy, Institute of Astronomy, University 
of Cambridge, who was impressed by, but not part of, the EHT obser-
vation. He said a hole in the center of an X-ray image “would corre-
spond to the so-called innermost stable circular orbit, essentially the 
edge of the waterfall where the gas stops orbiting around and starts 
plunging into the black hole. So, lots of very cool and important 
astrophysics [could be accomplished].”

This is more than just trivia. Consider how the orbit of the planet 
Mercury could not be explained precisely by Newtonian physics. 
Closer observations revealed something was off. It took general 
relativity to better predict the observed orbit. More closely observ-
ing black holes, where gravity is most extreme, could reveal cracks in 
Einstein’s theory that could then open the door to a physics revolu-
tion.

The EHT group is upping their game, adding more telescopes to 
their network to produce a crisper image of M87*, Sagittarius A* in 
our galaxy, and other black holes. The LIGO team is keen on observ-
ing black hole mergers via gravitational waves and discussions 
might begin to launch radio and X-ray interferometers in space for 
an unprecedented view.

This is why I say: you ain’t seen nothing yet. 

CHRISTOPHER WANJEK is a health and science writer based in Baltimore. He is the author of 
“Spacefarers: How Humans Will Settle the Moon, Mars and Beyond,” from Harvard University Press, 
Spring 2020.

Current X-ray studies of M87* by NASA’s Chandra X-ray Observatory (left) reveals the hot gases 
surrounding the black hole, but it’ll take the resolving power of a future X-ray interferometer to see 
down to the innermost orbit surrounding the event horizon. [NASA/CXC/Villanova University/J. Neilsen, 
EHT Collaboration]

https://public.nrao.edu/gallery/moon-as-seen-by-alma/
http://astrosociety.org
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research focus

by M. Katy Rodriguez WimberlyAre Globular Clusters and UFDs Celestial Siblings?
There are some strange similarities between ultra-faint dwarf galaxies and globular clusters—with dark matter anchoring both.

Dark matter remains a mysterious feature of our Universe. 
Astronomers are confident, however, that this enigmatic 
stuff tends to clump together in what we call “dark matter 

halos” and these halos are where all of the visible celestial action is 
taking place—where most, if not all, of the stars, gas and dust in the 
Universe seem to live. 

Currently, it’s believed that the only celestial systems that form 
inside these halos are galaxies, but what if there’s more? A contro-
versial idea gaining ground in the astronomical community is the 
possibility that some globular clusters may have formed in their own 
dark matter halos very early in the Universe’s history.

So, a globular cluster is a spherical group of many stars—up to 1 
million!—that (so far) have only been found orbiting larger galaxies. 
For decades it was fairly easy to tell the difference between a galaxy 
and a globular cluster; globulars were small and found very close to, 
or inside, larger galaxies and galaxies themselves were, well, larger 
and more massive. 

Then came the discovery of Ultra Faint Dwarf (UFD) galaxies—
itty bitty ancient galaxies that live right in that visible-mass gap 
between globular clusters and previously discovered (more massive) 
galaxies. In fact, it’s common for UFD candidates to need extra-
detailed observations just to determine their galaxy-hood! See, 
UFDs are thought to be the most dark matter-dominated objects in 

Messier 13 (M13) is one of the brightest and best-known globular clusters in the northern sky. [Adam 
Block/Sid Leach/Mount Lemmon SkyCenter/University of Arizona]

http://astrosociety.org
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the Universe, meaning it’s thought that they have much more dark 
matter than visible matter (like stars). Globulars, on the other hand, 
were thought to contain almost no dark matter with a mass-to-
light ratio of about 1-to-4. (A mass-to-light ratio is the relationship 
between how much mass is inferred in a system, from the veloci-
ties of its stars, say, to how much light the system puts out.) A lower 
mass-to-light ratio equals less dark matter, and vice versa. This vast 
difference in mass-to-light ratios between UFDs and globular clus-
ters is the main way astronomers designate one from the other.

Despite these differences, when other astronomical traits are 
compared, globulars and UFDs appear more similar than not. For 58 
of these nearby tiny systems, researchers from Universidad de Chile 

looked at the relationship between the effective radius (the radius 
out to where half of the total light of that system is emitted) and 
Sérsic index (that is a relationship between intensity of emitted light 
and distance from the center of the system, from Marchi-Lasch et al. 
2019). In this view, globular clusters with lower surface brightness 
and UFDs are very similar! The nature of effective radii and Sérsic 
index lend to the idea that these two types of celestial systems may 
actually form in similar ways—[spoiler alert!]—in their own dark 
matter halos.

On the theoretical side of the debate, a recent study from the 
University of California, Riverside (UCR) used simulations and mod-
els of globular clusters forming in their own dark matter halos to 
compare with today’s known populations of globular clusters. This 
research reproduces distributions similar to the older globular 
clusters known today. They even show evidence in the simulated 
systems of dark matter having been stripped away from the globular 
clusters, leaving the small mass-to-light ratios currently measured. 
While these theories do not hold for every globular cluster known, 
this work finds that it’s likely 50-60 percent of known nearby globu-
lar clusters formed very early in the Universe in their own dark mat-
ter halos!

These exciting observational and theoretical results are helping 
astronomers piece together where globular clusters fit in the grand 
cosmological story. As further work on this idea is conducted, we 
may realize that ultra-faint dwarf galaxies are not the only relics of 
the first stars and celestial systems created in the Universe! I’d hap-
pily welcome some globular clusters into that club. 

KATY RODRIGUEZ WIMBERLY is an NSF Graduate Research Fellow in the Astronomy & Physics 
Department at University of California, Irvine, and the ASP’s Jr. Board Fellow. She studies galaxy evo-
lution using both optical telescopes and dark matter-only cosmological simulations.

Where is it?! Ultra-faint dwarf galaxy Leo IV is there, it’s just living up to its ultra-faint name. [NASA, 
ESA, and T. Brown (STScI)]

https://arxiv.org/pdf/1902.08860.pdf
https://arxiv.org/pdf/1902.08860.pdf
https://arxiv.org/pdf/1806.11118.pdf
http://astrosociety.org
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education matters

by Brian KruseThe First Black Hole Image: A Teachable Moment?
Black holes and gravitational waves are tricky topics for educators, but identifiable phenomena can be key for student learning.  

This past April, while attending the National Science Teachers 
Association (NSTA) conference in St. Louis, Missouri, a friend 
came up to me and asked what I thought of  “the” black hole 

image. Confused, I asked, “what black hole?” 
The image, and story of how it was created, had just appeared, 

and it was generating quite a buzz in the education community. I 
was so busy at the meeting, the news had passed me by. It wasn’t 
until a couple of days later, when I finally had a chance to read about 
the image, that I found out that the Event Horizon Telescope (EHT) 
collaboration had used a network of radio observatories to create an 
Earth-spanning virtual telescope to resolve the supermassive black 
hole in M87 (see Steve Murray’s EHT feature on page 28).

The subject of astronomical phenomena, and how they are uti-
lized in classroom instruction, is not a new topic for this column. For 
the past several years I have pondered the usefulness of astrophysi-
cal images—such as the one featured on the cover of this issue of 
Mercury—as an investigatable phenomenon for students. 

One of the challenges with using such an image for learners is 
the lack of any identifiable phenomena with which they are famil-
iar, phenomena that would provide a basis for forming questions 
about the complex science in the image and giving direction for any 
subsequent investigations. Contrast this with the image of a glacier 
(pictured here) where there are many phenomena displayed, most 

of which can be subject to student questioning.  
When queried about the difficulty with astronomical content and 

images during the NSTA conference, an expert on the use of phe-
nomena in classroom instruction replied that, in their experience, 
many Earth and space science activities start with the model and not 
student engagement with the phenomenon.  Discussions with other 
experts suggested the difficulty is not so much with the astronomi-
cal phenomenon itself, as it is in the inability to engage learners in 
more active science practices where they gather evidence, reason 

[Brian Kruse]
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with the evidence, and use the evidence to support their explana-
tion of a phenomenon.  

The image of the black hole is a prime example of this quandary: 
a black hole is an inherently interesting object, but what are learn-
ers supposed to do with it? What evidence is there in the image they 
can engage with? A black hole is a model to explain phenomena 
that is either observable or predicted, none of which is obvious in 
the image itself. 

A similar difficulty lies with the gravitational waves the Laser 
Interferometer Gravitational-wave Observatory (LIGO) detectors 
measure, and their interpretation as coming from colliding black 
holes and neutron stars. LIGO was built to confirm a complex 
theoretical model, but the phenomena are buried in the complex 
theories that govern spacetime. In some ways, the real phenomena 
available for students to investigate is how they were able to obtain 
the image or detect gravitational waves. In this sense, the black hole 
image itself (and the LIGO datasets depicting the clash of massive 

What does this mean? Gravitational wave detections are an example of a difficult topic for learners to 
connect with underlying phenomena. [LIGO]

objects) are the phenomena, and learners can investigate how to 
detect very faint spacetime waves, and very distant objects.  

In the case of the black hole image, this would allow learners to 
delve into telescopic resolution, contrasting it with magnification. 
Knowing an array of widely spaced instruments were necessary to 
resolve the black hole, they could investigate the basics of optical 
systems, and how increasing the aperture results in greater resolu-
tion. This would also result in the application of engineering design 
practices as outlined in the Next Generation Science Standards 
(NGSS).

The NGSS, and the framework on which they are built, do not 
provide details on how teachers construct their curriculum and daily 
instruction. Until recently, it was left to the developers and writers 
of the standards, and those who were involved in research into their 
implications, to describe the pedagogy teachers could use that is 
consistent with the three dimensions in the standards.  

The National Academies of Science, Engineering and Medicine 
recently published a new volume which helps fill this need: Science 
and Engineering for Grades 6-12: Investigation and Design at the 
Center (NAP, 2019).  This new volume describes in detail the central-
ity of phenomena to classroom instruction, and will, in the coming 
months as educators have a chance to digest its information, inform 
both classroom instruction, and the professional development nec-
essary to support them.  

This is an exciting time for astronomy, and educators, as we 
continue to find innovative ways to bring the wonders of the uni-
verse into the classroom. It’s not always what we might expect, and 
sometimes those wonders are not so easy to translate into teachable 
moments. 

BRIAN KRUSE manages the formal education programs at the ASP.

https://www.nap.edu/catalog/25216/science-and-engineering-for-grades-6-12-investigation-and-design
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a little learning

by C. Renee JamesThe Dangers of Collaborative Learning
A cautionary tale about never underestimating a class-full of Astro101 students. 

Dear Dean Hebert,” the email began. It was not an email that I 
ever thought I would write, and I will freely admit that I was 
a little concerned about the consequences. Thirty impatient 

faces looked on as I read aloud the email-in-progress.
“It has long been the policy in my classes that the student earning 

the highest grade on the final exam receives an automatic A for the 
semester…”

Indeed, for my entire teaching career, which reaches back to 1995, 
this has been the practice. I typically announce it after the second of 
three in-class exams. The announcement is met nearly instantly with 
the question, “What if two people get the same high grade?” 

“Well, then I guess two people will automatically get an A for the 
semester,” is my stock answer.

Another hand shoots up. “What if everyone gets the same grade?”
I laugh. “That’s basically impossible, statistically-speaking, but I 

guess everyone would get an A.”
Then comes the final question. “What if the highest grade is a 

zero?”
“Well, you still have to take it, and you’d have to trust that nobody 

else answered even a single question.”
It’s the sort of trust that isn’t typically forged in a one-semester 

introductory astronomy class for non-science majors. With an 
enrollment that essentially represents a cross-section of the entire 

university, Astro101 throws together students with wildly different 
backgrounds and academic goals. It is the rare semester that I even 
meet all the students on my roster. I nearly always have students 
that register but never show up, despite email pleas to attend or 
drop the class. 

And so, for years, my stock answers were met with a mix of 
“I-guess-I’ll-never-get-an-A” resignation and “challenge accepted!” 

[Pexels]
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From time to time, the occasional student who had endured a rocky 
semester bubbled unexpectedly to the top, but most often the high-
est score on the final exam went to someone who had chronically 
achieved high marks in every other facet of the class. What I found 
most encouraging were the students who studied their hearts out to 
earn that top spot, only to fall slightly short. Perhaps they didn’t get 
A’s, but they fared better in the course than they would have without 
the challenge.

It was, as far as I could tell, a safe plan to give everyone that much-
needed late semester push. 

Meanwhile, as the years came and went, I found myself incorpo-
rating more and more collaborative learning activities in my classes. 
At first, I required students simply to discuss personal response 
questions or to do the occasional lecture tutorial with the students 
around them. Unsurprisingly, I spotted weaknesses in self-selected 

groups, but since I was not yet formally assessing group work, I did 
little more than ask them to shuffle group members occasionally 
throughout the semester.

I knew I was missing an opportunity to help students engage 
more deeply, both with the subject and with their fellow students, 
so around a decade ago, I went whole hog. I began the semester by 
sorting students into permanent groups, scattering various majors 
and classifications as evenly as I could so that the teams would be 
relatively well matched. Groups worked on in-class assignments and 
out-of-class projects, and they even took part of the in-class exams 
together using the Instant Feedback Assessment Technique (essen-
tially a scratch-off answer card that reveals the correct answer). 

Group dynamics were and still are the greatest challenge to this 
aspect of class, but allowing students to assess each other—and 
even giving them the option to leave a group member’s name 
completely off an assignment if the rest of the group sees fit—keeps 
most students from completely taking advantage of more motivated 
group members. And as an instructor, there is something deeply 
satisfying in wandering around the class while groups wrestle with 
a particularly perplexing exam question. The discussions are more 
involved and more nuanced than they used to be. High fives are not 
uncommon on exam days. (Nor, for that matter, are exclamations of, 
“I told you it was B!”)

“Yeah,” I thought after getting over most of the hiccups. “This col-
laborative learning thing is pretty awesome.”

And then the educational approach that I had grown to trust 
turned on me. 

Not all at once. The betrayal built slowly during the course of a 
semester. I was teaching two sections of our introductory stars and 
galaxies class, one right after the other in the morning, each with a 
fairly small enrollment of around thirty students. One class was fairly [Pexels]
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typical. The other, though, had a few go-getters, well-organized and 
genuinely likeable students, and those students happened to be 
scattered among the different groups around the room. Mind you, 
these students weren’t better at astronomy. But they were very good 
at making sure that things happened in their groups.

That semester, I thought nothing of making the usual promise. 
“Whoever gets the highest score on the final exam gets an auto-
matic A for the course.”

That semester, I didn’t catch on to the fact that I had met every 
single student on the roster, and they were all coming to class regu-
larly.

That semester, I didn’t realize just how dangerous collaborative 
learning can be.

My first clue was a rather ominous email message from a student 
asking for verification that the student or students receiving the 
highest score—no matter what that score was—would get an A. 
Soon students were asking me point blank in class whether a zero 
could technically be considered the highest score. My unease was 
magnified by the student who brought an entire platter of cake balls 
to class one day, sharing them only with people who promised to 
leave the final exam blank. 

“Ha ha,” my logical side laughed feebly as it tried to reassure me. 
“Don’t fret. This has never, ever worked.”

The day of the final exam came. Outside the classroom door, a stu-
dent stood with the roster and checked off the names of the people 
entering. Because that student knew everyone in the class! Inside 
the classroom was a second student, also with the roster, double-
checking the names. A third student was on the phone with one of 
his group members. “She’s parking in the stadium lot right now,” he 
announced.

The stack of exam papers suddenly felt like a piece of a neutron 

star. 
The person who’d been parking arrived, and one of the roster-

checkers said, “That’s everyone but Carol James.” I remained as 
silent and motionless as a mouse under the watchful eye of a cat. 
Instructors who want to make sure the learning management sys-
tem is working from the students’ point of view can create a dummy 
student account. I quietly willed that nobody made the connection 
between the C in my name and Carol.

“That’s the professor,” someone explained. 
My shoulders dropped as the giddiness erupted into full-blown 

cheers. 
“Fine, fine,” I said defeated. “But you still have to officially take the 

exam.” 
I handed the papers out, wondering how to explain this whole 

[Pexels]

http://astrosociety.org


VOL. 48 NO. 2 SPRING 2019
25

TABLE OF CONTENTS

situation to my administration, particularly given the recent veiled 
accusations of grade inflation in our college. Then I waited for the 
pile of papers to come right back to me. 

What happened next was quite possibly the most surreal ten 
minutes of my teaching career. With everyone accounted for, there 
was literally nothing to prevent all thirty students from writing their 
names on the exam and turning in an otherwise blank form. Zero 
would officially be the highest grade, and, as I had assured them 
over and over, verbally and via email, that grade would secure an A. 

For everyone.
But that’s not what happened. Instead, one student began taking 

the exam. 
The rest of the class was understandably shocked. People began 

urging him to stop, asking him why he was taking the test. 
“I don’t believe her! I think she’s going to fail us!” were his first 

arguments. 
I said that I had definitely lied about plenty of things during the 

semester, but this was not one of them. 
“But I’ve worked hard in this class!” he exclaimed.
Everyone tried to reassure him that he’d still get his hard-earned 

A, that there was nothing that he stood to lose by simply turning in 
a blank test and a whole lot he could actually give to other people. 
But he bristled at the thought that everyone else would get an A, 
particularly those who hadn’t worked nearly as hard. 

It was group psychology in action, a tremendous sociological 
experiment playing out in an introductory astronomy class, of all 
places. In the end, though it was a bit like watching a tug-of-war 
between a tractor and a schoolyard full of children. Already through 
the first page of questions, this student would not back down. Anger 
brewed. For the first time, I was genuinely concerned about every-
one’s safety. Then one of the de facto group leaders—a very level-

headed, likeable student—piped up, “Guys, we knew this might 
happen. Let’s just take the test.”

Helpless and hopeless, the rest of the class began answering the 
exam questions, and relief washed over me. There were no bloodied 
noses, no tears. And even better, I wouldn’t have to explain this to 
the administration after all! 

For about two minutes, the only sound in the room was the 
scratching of pencil on paper. Then the Tractor stood up and said. 
“Aw, f*** it!” And he began to erase all the answers he had written. 
Within seconds, everyone else did, too. 

What I received were thirty exam papers with names, but no 
answers. Oh, sure, entering grades would be easy for this class, 
but someone was bound to notice that an entire section had just 
received A’s. So, I told the class that they had to at least sit down 
while I crafted an email to my dean to explain the situation. Just as I 
hit “send,” the entire class rushed the door cheering. 

Several minutes later, still sitting stunned in the empty classroom, 
I heard the sound of the email chime. 

My dean had responded. 
As I clicked on the message, a million career-ending possibilities 

ran through my head, but his reply contained just two words. 
“That’s classic!”
Classic indeed. You just never know what insights you’ll gain from 

collaborative learning. 

DR. C. RENEE JAMES is a science writer and professor of physics 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), plus dozens of popular astronomy articles.

https://www.amazon.com/Seven-Wonders-Universe-Probably-Granted/dp/080189798X
https://www.amazon.com/Seven-Wonders-Universe-Probably-Granted/dp/080189798X
https://www.amazon.com/dp/B00MABNA1S/ref=dp-kindle-redirect?_encoding=UTF8&btkr=1
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cosmic views
By Jason Major

Ride Jupiter’s Monstrous Cyclone

This image shows a cyclonic storm swirling 
along the southern edge of Jupiter’s northern 
hemisphere, imaged by NASA’s Juno spacecraft 

during its 17th science flyby when it swooped 8,000 
kilometers (5,000 miles) above the planet’s cloud 
tops on Feb. 12, 2019. 

This storm in its entirety is about 4,000 kilometers 
(2,500 miles) across—almost as wide as the contigu-
ous United States. It’s located near a long, dark “brown 
barge” feature in Jupiter’s atmosphere that’s about the same 
height but over four times wider across.

This image was processed by citizen scientists Gerald Eichstädt and 
Seán Doran using raw data made publicly available on the Junocam mission site.

NASA’s Juno mission launched from Cape Canaveral on Aug, 5, 2011 and arrived in orbit 
at Jupiter on July 4, 2016. While most of the solar-powered spacecraft’s instruments are 
scientific in purpose, the JunoCam imager is specifically an outreach instrument meant to 
share fascinating views like this with the public.

[NASA/JPL-Caltech/SwRI/MSSS/Gerald Eichstädt/Seán Doran]

http://www.missionjuno.swri.edu
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NASA Uses Color to Catch the Solar Wind

These aren’t giant alien jellyfish coming to take over the Earth (although I, for one, welcome our 
new cnidarian overlords); they’re clouds of glowing gas released high over the Norwegian Sea 
by NASA rockets in order to track winds in the upper atmosphere.

At 12:14 and 12:16 a.m. local time on April 6, 2019, two Black Brant XI-A sounding rockets were 
launched from the Andøya Space Center, located on an island in northwestern Norway. The rockets 
released tracer gases at altitudes of 71 to 150 miles. These gases—specifically trimethyl aluminum 
and barium mixed with small amounts of strontium—react with oxygen and are ionized by ultra-
violet light from the Sun, creating luminous clouds of varying colors that allow scientists to observe 
the behavior of winds high in the atmosphere (where clouds can’t naturally form) as well as the 

cosmic views
By Jason Major

movement of charged particles contained within.
This particular launch in April was NASA’s Auroral Zone Upwelling Rocket Experiment (AZURE) 

mission, part of an international investigation of the geomagnetic cusp—a region of Earth’s mag-
netosphere into which the solar wind can penetrate. As well as providing valuable scientific data, 
these sounding rocket launches also make for fascinating displays of color and light in the night sky. 
Learn more about how NASA uses rockets to study the atmosphere. 

JASON MAJOR is a graphic designer and space enthusiast living in Rhode Island. He has written 

online articles for Discovery, National Geographic, Universe Today, and has had processed images fea-

tured by The Atlantic, Astronomy Magazine, Science Channel, and NASA. You can find more of his work 

at  LightsInTheDark.com.

http://www.nasa.gov/mission_pages/sounding-rockets/index.html
https://www.LightsInTheDark.com
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Lifting the Curtain
After decades of wondering, the Event Horizon Telescope 
has revealed what a black hole really looks like.

By Steve Murray

This is the Event Horizon Telescope’s first target—the supermassive black hole in the core of the galaxy M87 [EHT Collaboration]
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Well, the wait is over. 
On April 10, a series of international press conferences 

gave audiences their first-ever view of a black hole: an 
image of a fuzzy black circle surrounded by a blotchy smear of yel-
low and red that may transform astrophysics.  But the road to this 
historic achievement was long and arduous.

Astronomers of the Event Horizon Telescope (EHT) project (see 
Mika McKinnon’s article in Mercury’s Winter 2018 issue) had been 
poring over their data since April 2017, when they trained a world-
spanning telescope on two supermassive black holes. Their goal was 
to penetrate through light-years of dust and gas and capture images 
of these enigmatic bodies.

Although the scientific community—and the public at large—
waited well over a year for results, the team wasn’t about to be 
rushed. After two decades invested in designing and building their 
array, developing their simulation models, and refining their data 
processing methods, the EHT scientists were intentionally slow and 
deliberate. They wanted to get it right.

Stellar-mass black holes are a product of a star’s collapse, when 
all of its matter shrinks to a singularity—an infinitesimal point with 
immense gravity. The origin of supermassive black holes, the gravita-
tional monsters that are known to live in the centers of most galax-
ies, however, is more mysterious and one of the questions that the 
EHT hopes to answer. 

Regardless of their mass, while Einstein’s theories hypothesized 
black holes, and careers have been spent developing the mathemat-
ics to characterize them, all the evidence we have is indirect: stars 
orbiting an invisible point in space or ripples in space-time that 
announce hidden collisions. Astronomers still needed to see a real 
one, which meant capturing an image. And the supermassive black 
holes that dominate galactic cores turned out to be the best candi-

dates for the EHT.
“One of the strengths of the EHT experiment is that we we’ll 

produce the best evidence for the existence of black holes,” 
said Geoffrey Bower, Institute of Astronomy and Astrophysics at 
Academia Sinica, and EHT Science Council Co-Chair. 

At a critical distance, the gravity of a black hole becomes so strong 
that even photons moving at the speed of light don’t have enough 
energy to escape. As light itself gets pulled in, its departure marks 
the dark sphere of the “event horizon,” a boundary where new phys-
ics behaviors may be found. [Continues on page 31] 

Simulations of the emissions generated near to the event horizon of a black hole—shown here—
closely match what the EHT observed, agreeing with Einstein’s general relativity. [EHT Collaboration] 
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the anatomy of a black hole
Courtesy of ESO, ESA/Hubble, M. Kornmesser/N. Bartmann
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While general relativity theory has weathered some pretty strong 
tests since it was proposed, it has to fail somewhere because it’s 
incompatible with quantum mechanics. Although scientists don’t 
know where or how that breakdown might occur, it’s a strong bet 
that right at the edge of the event horizon is the most likely place 
to look. Gravity here is stronger than anyplace else in the universe, 
so even small deviations from general relativity should show them-
selves. “This gives us a chance to study some of the most enigmatic 
objects in the universe,” said Bower, “to test Einstein’s theory of gen-
eral relativity, and to work in a regime where our understanding of 
physics is incomplete.”

Although an event horizon is a surface without light, the material 
around it can provide the contrast needed to see it. Gas and dust 

particles generate heat and light as they collide and compress on 
their inward journey. The resulting swirl of high-energy matter is an 
accretion disk, orbiting the black hole at nearly the speed of light. 
As that light is bent by gravity, it frames the event horizon in an inky 
“silhouette,” larger than the event horizon itself, but just as informa-
tive for science.

Picking Your Targets
The EHT team selected two supermassive black holes for study: 
Sagittarius A* (Sgr A*) at the center of the Milky Way and the black 
hole at the center of Messier 87 (M87), an elliptical galaxy in the con-
stellation Virgo. They are both smart choices.

Size mattered to the project. The EHT array has a resolving power 
of about 20 microarcseconds (μas), so targets had to be big enough 
to “see” with this equipment.  Sgr A* is 26,000 light-years away and 
about 30 times as big as our Sun. The size of its event horizon is 
calculated to be 50 μas (about the size of a DVD on the surface of the 
Moon if viewed from the Earth). M87 is 2,000 times more distant but 
1,500 times as big, so its event horizon is about 20 to 40 μas. 

“I’m always amazed at the good fortune we’ve had with these two 
objects,” said Dan Marrone, Associate Professor of Astronomy and 
Steward Observatory at the University of Arizona. ”Not only are they 
both just barely resolvable with our earth-sized telescope, they’re 
both what you would call low luminosity active galactic nuclei 
(AGN).” When black holes gather material at a high rate, the heat 
and light generated by the accretion disk overwhelms and blocks 
the event horizon from astronomical study.  Fortunately, both Sgr 
A* and M87 are accreting very slowly, so astronomers are confident 
they can see down to their event horizons. “If we picked some other 
source with a higher [accretion] rate,” he adds, “it would be like try-
ing to look through the Sun’s photosphere down to its surface,” an 

The South Pole Telescope in the Antarctic is one of the more extreme components of the EHT 
Collaboration. [SPT Collaboration] 
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impossible task as the glare of the bright material would completely 
obscure it.

These two black holes also have different features, so astronomers 
can glean new knowledge by comparing them. Some of the mat-
ter falling into a black hole can be expelled as a jet along the axis of 
rotation. Jets are found in about 10 percent of all supermassive black 
holes at the centers of active galaxies, and they’re some of the most 
powerful phenomena in the universe. While Sgr A* doesn’t appear 
to have a jet, M87 is shooting material out across a distance of 5,000 
light years.

The Long Road to Results
The EHT uses telescopes distributed across the Earth, operating as a 
single instrument through very long baseline interferometry (VLBI). 
Galactic dust obscures our view of black holes in the optical spec-
trum. The radio wavelengths have proven a better place to study 
structural detail, so EHT astronomers have focused on the shortest 
part of the radio spectrum—millimeter wavelengths—as their best 
viewing window. 

Early observations began with telescopes in Arizona, California, 
and Hawaii. Results improved as the network grew, but building it 
took time. The interferometry used by the EHT team required more 
precise timing of observations than most telescopes were capable 
of providing. Researchers therefore had to add new hardware and 
digital processing software to several instruments to integrate them 
into the array. In 2012, the team measured the innermost orbit of the 
accretion disk around M87 and in 2015 they recorded the magnetic 
field around Sgr A*.  

The 66-dish network of the Atacama Large Millimeter/submil-
limeter Array (ALMA) was added in 2017. Now equipped with eight 
linked telescopes, the EHT astronomers collected their best data 

in April of that year, accumulating enormous volumes of data.  
Ultimately, at an acquisition rate of eight Gigabits per second from 
each site, they filled half-a-ton of hard drives with five Petabytes of 
data by the time they were done—that amounts to more than half 
a ton of hard drives, or the rough equivalent to 5,000 years of MP3 
files, EHT scientists said during the April 10 announcement.

This diagram shows a simulation of the outflow (bright red) from a black hole and the accretion disk 
around it, with three possible shapes of the event horizon’s shadow. The EHT’s first image of M87’s 
supermassive black hole appears to have a circular shadow, or silhouette, agreeing with general 
relativity’s predictions. [ESO/N. Bartmann/A. Broderick/C.K. Chan/D. Psaltis/F. Ozel]
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The Haystack Observatory in Westford, 
Massachusetts and the Max Planck Institute 
for Radio Astronomy in Bonn, Germany per-
formed independent processing of the data 
beginning with detailed quality checks of the 
raw records, to filter out the effects of atmo-
spheric turbulence and noise. The researchers 
used bright quasars in the data set as refer-
ence signals to calibrate observations across 
all of the participating telescopes. Then their 
real search began.

“We want to make sure that whatever we 
present is producible in many different ways,” 
said Feryal Özel, Professor of Astronomy and 
Astrophysics at the Department of Astronomy 
at University of Arizona. And as of early 2019, 
there were hints that their multiple analysis 
efforts were heading toward convergence. “The tools are orthogo-
nal. The results are not.” 

Expectations and Room for Surprise
The nature of the silhouette (the dark shadow of an event horizon, 
framed by the light being lensed around it) has drawn initial interest. 
One of the biggest questions was whether or not the shadow was 
there, and whether the EHT could measure that shadow to see if it 
was consistent with what we’d expect from an event horizon. 

As more images are recorded, features of the accretion disk will 
get a lot of attention, too. “My thesis work started with studying 
one of our targets, Sgr A*, and trying to understand how black 
holes accrete,” said Marrone. “My hope has always been that we 
can answer this question. Can we see material falling onto it?” 

Astronomers expect that accretion disks will demonstrate a huge 
Doppler Effect, as disk material shines brighter on one side of its 
orbit than the other. 

Then there are the jets. “There’s all the very interesting astrophysi-
cal questions to ask about how jets form,” said Bower. “Why is there a 
powerful jet forming in the case of M87, but no jet or a very weak jet 
in Sgr A*?” The jet shooting from M87 can reveal something about its 
dynamics. Theory states that jets are propelled by extremely strong 
magnetic fields from a black hole’s smallest orbit. The size of the jet 
can be used to determine this smallest orbit and, in turn, the spin of 
the black hole.

The enormous data set gathered by the EHT team will have sci-
entific uses beyond black holes, of course. “There are lots of phys-
ics questions,” said Özel. “The gravitational fields are the strongest 

The locations of the participating telescopes of the Event Horizon Telescope (EHT, green) and the Global mm-VLBI Array (GMVA). [ESO] 
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anywhere in the universe and the gas is very hot, so a lot of different 
things happen to it.” 

Jim Cordes, George Feldstein Professor of Astronomy at Cornell 
University, intends to comb through the data to study pulsars. “You 
can do all these wild and wonderful things with pulsars because you 
can time them very accurately” said Cordes. “Finding a pulsar orbit-
ing close in to a black hole would give us a different handle on the 
space-time, plasma, and magnetic field around it.”

Although the first image has mesmerized the scientific com-
munity, it’s still the pioneering achievement of a much longer sci-
ence program. Work continues, even as the 2017 results are being 
processed and released. “There’s more to do,” said Marrone. “We’re 
certainly not done yet.”

Another observing cycle took place in April 2018 with an 
expanded array that included a telescope in Greenland. The new 
data set is twice the size of the one collected in 2017.  Plans are in 
place for even longer programs of observing with additional instru-
ments, as France joins the network next year with the NOrthern 
Extended Millimeter Array (NOEMA). 

Additional data can be used to explore the temporal phenomena 
around these black holes by making “movies” from the imagery. 
Different timescales, up to decades long, could distinguish structural 
versus transient characteristics. “In the case of M87, the character-
istic timescale for the source to change is 100 days,” said Bower. “So 
coming back one year after the other, we may see different versions 
of what the system looks like. It would be a way to untangle what’s 
fundamental from what’s ‘weather’ in the system.”

Getting Ready
Before April 10, team members kept a rigorous discipline around 
their processes through early 2019, and chose their words prudently. 
“All I can say about the current status is, we’re being exceedingly 
careful in our analyses,” said Bower. “We’re using multiple methods to 
confirm everything that we get.”

Nevertheless, it was hard to hold back a building excitement 
within the team. “I can say that 2019 is going to be a good year,” said 
Özel. “I don’t think we’re going to disappoint you.”   

Well, they didn’t disappoint. M87 is here, to be followed by a train 
of scientific papers.  Welcome to a new chapter in astrophysics.  It 
was worth the wait. 

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

The giant elliptical galaxy M87 as imaged by NASA’s Spitzer Space Telescope in infrared wavelengths. 
Inset (top): Spitzer’s view of M87’s supermassive black hole generating powerful jets and (bottom) 
the EHT’s view. [NASA, JPL-Caltech, EHT Collaboration] 
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The Little Spacecraft 
That Almost Did

Beresheet’s view of the Moon from lunar orbit shortly before the mission crashed. [SpaceIL]

On April 11, Israel’s dreams of landing its first spacecraft on the Moon ended after 
Beresheet crashed into the lunar surface—but it wasn’t a failure, not by a long shot.

By Tracy Staedter
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From a mission control room near Tel Aviv, Israel, dozens of 
people waited as the spacecraft Beresheet came out of its orbit 
around the Moon to attempt a lunar landing. Only three other 

countries in the world have touched down there safely: Russia, China 
and the United States. Israel was trying to be the fourth. Engineers 
and space scientists from SpaceIL and Israel Aerospace Industries 
(IAI) had already worked together to overcome so many hurdles, 
financial and technical, since Beresheet’s conception in 2011 that 
it seemed they couldn’t fail. Their quiet anticipation filled the silent 
gaps between mission control status updates of the craft’s descent. 

And then came the devastating words, “We seem to have a prob-
lem with our main engine,” said Opher Doron , the general manager 
of Israel Aerospace Industries’ space division said in a live broad-
cast . “We have lost communication with the spacecraft,” he said. 
Telemetry data from the craft indicated that on April 11, around 3:25 
p.m. EDT, Beresheet struck the Moon’s surface at 130 meters per 
second.

It wasn’t a mission failure, however. Although Beresheet (Hebrew 
for “In the Beginning”) met its end prematurely, it checked off several 
accomplishments before it crashed. As the first private venture to 
orbit the moon, the mission marks an advance in the global efforts 
to shift space exploration from government hands into commercial 
endeavors. 

“We didn’t make it, but we definitely tried,” said Beresheet’s project 
originator and financial backer Morris Kahn said in a live broadcast 
from mission control. “I think the achievement of getting to where 
we got is really tremendous. I think we can be proud.”

In the Beginning
Beresheet, originally named “Sparrow,” was built in pursuit of 
Google’s $30 million Lunar X Prize, which was established in 2007. 
The competition encouraged private industries to launch and 
complete their missions to the Moon before March 31st, 2018. The 
company SpaceIL—founded in 2011 by Yariv Bash, Kfir Damari 
and Yonatan Winetraub—was one of five finalists, including Moon 
Express from the United States, TeamIndus from India, Hakuto from 
Japan, and Synergy Moon, a team made up of people from six differ-
ent continents. Although all five teams had, by January 2018, signed 
contracts with rocket companies to launch vehicles into space, none 
of them were able to meet the March deadline. Google canceled the 
competition.

But SpaceIL didn’t quit. The company raised additional money and 
then, in partnership with IAI, built, tested and readied the spacecraft 
for launch. In all, Beresheet cost of less than $100 million—that’s 
cheap for a lander. By comparison, the NASA’s Surveyor program, 
which produced seven spacecraft and the country’s first Moon 
lander in the late 1960s, cost $470 million, according to NASA—
which, adjusting for inflation, would amount to $3.7 billion today. The Beresheet lander undergoing assembly. [SpaceIL]
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“To build from scratch a real moon lander is something that is not 
easy,”  Timo Stuffler, head of business development at OHB System 
AG, told Mercury. “The Google X Prize applicants found that out.” 

In January 2019, OHB, which builds fully integrated spacecraft, 
signed an agreement with SpaceIL to develop lunar landers for the 
European Space Agencies. A couple of weeks ahead of Beresheet’s 
landing, Stuffler told Mercury that if the spacecraft failed, OHB’s 
agreement with SpaceIL wouldn’t change. “If something would hap-
pen, then we are still going on in our corporation. We think there 
will be a lot of lessons learned out of it,” he said. OHB and IAI will be 
working together with the European Space Agency to fly a commer-
cial payload to the Moon’s surface within two years, he said.

SpaceIL and IAI managed to keep Beresheet’s costs low by build-
ing the craft without redundancies, which “squeezes everything 
into a very, very small size,” said the SpaceIL project manager at IAI, 

who is called Ephie. (He told Mercury that he could not provide his 
last name for security reasons). China’s most recent lander, Chang’e 
4, is about three times larger than Beresheet in weight and volume, 
Ephie said. Because Beresheet was so small and lightweight, it was 
able to share a ride with two satellites launched on a SpaceX Falcon 
9 rocket on February 22, 2019. The team understood the risk they 
were building into the craft by not having backup systems. “There’s 
only one shot,” said Ephie. Just 34 minutes after launch, the rocket 
set Beresheet free.

Two minor glitches popped up early on in its mission. Immediately 
after launch, ground controllers realized that direct sunlight inter-
fered with a navigational sensor on the spacecraft designed to track 
stars. Ephie said the team overcame this issue by using the tracker 
only when the Sun was on the opposite side of the craft and not 
shining on the sensor. At the end of February, an unexpected com-On March 9, Beresheet took a “selfie” with the Earth. [SpaceIL]  

By early April, Beresheet had the Moon’s surface in its sights. [SpaceIL]  
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puter reset canceled a planned orbital burn. But Beresheet pressed 
on.

Aside from these minor issues, the craft carried out 48 days of its 
mission—a historic accomplishment for a private space venture. It 
took its first selfie on March 9 and sent the image to Earth. A couple 
of weeks later, still in orbit around Earth, it transmitted video and 
images of its home. On March 31, during its final orbit around Earth, 
it passed within 1,700 kilometers of the planet, and then shot off 
toward the Moon. Four days later, it put the brakes on, reducing its 
speed from 8,500 to 7,500 kilometers per hour, to fall into lunar orbit 
200 km above the Moon. 

On Approach
It continued to send images  of the Earth and of the Moon’s surface, 
each of them a small triumph and a reminder to everyone back 
home that it was closing in on its target. By the second week in April, 
Beresheet was in position over the flat plain of the Sea of Serenity. It 
was ready to land. Onboard, it carried a tiny laser retroreflector array, 
a 5-millimeter-domed instrument provided by NASA, consisting of 

eight quartz mirrors designed to reflect laser pulses coming from 
any direction back to its source. The idea was to use NASA’s Lunar 
Reconnaissance Orbiter, which already circles the Moon, to shine a 
light onto the surface and precisely pinpoint Beresheet’s location. 
The craft also carried a time capsule packed with hundreds of digital 
files, including Israel’s flag and national anthem, its Declaration of 
Independence, a nano-Bible, Israeli songs, children’s drawings, and 
photos of the country’s landscapes and cultural icons.

On April 11, the spacecraft began its decent. Just 22 kilometers 
from the surface, Beresheet captured its last selfie. In the photo, a 
cratered Moon surface fills most of the frame, but in the bottom 
right corner the Israeli flag carries a message: “small country, big 
dreams.” A few minutes later the spacecraft crashed. 

In the video broadcast  of the control room, a couple of minutes 
pass before Doron and Kahn confirm the incident. Their mood 
remained positive, though. Doron reminded the crowd: “We are 
the seventh country to orbit the Moon and the fourth to reach the 
Moon’s surface and it’s a tremendous achievement up to now.” 

That seemed to be the general consensus. Shortly after Beresheet 
crashed, Peter Diamantis, who founded and curates the X Prize, 
tweeted a video saying  that he would award a $1 million Moon 
Shot Award to SpaceIL. Two days later, on April 13, SpaceIL’s chair-
man Morris Kahn announced he would use the money to establish 
Beresheet 2. 

“This is part of my message to the younger generation: Even if you 
do not succeed, you get up again and try,” he said. 

TRACY STAEDTER (tracystaedter.com) is a freelance science journalist, editor, and 
writing consultant. She mainly covers energy, the environment, sustainability, and 
urban resilience, but always has time for space exploration. You can follow her on 
Twitter (@tracy_staedter) and find her on LinkedIn.

What might’ve been: a computer rendering of Beresheet on the Moon’s surface. [SpaceIL]  

http://tracystaedter.com
http://twitter.com/tracy_staedter
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Apollo’s Biomedical Lessons
Future lunar explorers will thank the medical research and physiological observations of 

the NASA astronauts who first set foot on the Moon’s surface nearly 50 years ago.

By David Warmflash, MD

This artist’s impression shows NASA’s OSIRIS-REx carrying out its deep space 
maneuver in 2016 to put it on course for asteroid Bennu. [University of Arizona]Apollo 15’s lunar module “Falcon” (LM-10) at the desolate Hadley-Apennine landing site in 1971. [NASA]
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In 1939, visionaries of the British Interplanetary Society (BIS) con-
ceived of a mission that would take three people to the surface of 
the Moon for 14 days. Unexpectedly, humans did start traveling 

to the Moon only three decades later, though for stays ranging from 
just under one day to just over three. Today, nearly fifty years have 
passed since Neil Armstrong and Buzz Aldrin became the first moon-
walkers on July 20, 1969. Plans now beckon for new-piloted lunar 
missions, this time with stays on the lunar surface at least as long as 
the BIS two-week vision. Are we actually ready for it? 

In public discourse, big engineering issues, such as vehicles and 
mission architecture, have been the focus of lunar exploration 
discussions. NASA’s Space launch System (SLS) rocket and Orion 
spacecraft, the Lockheed Martin lunar lander, the SpaceX “Big Falcon 
Rocket” are systems that are familiar to space and lunar enthusiasts 
who can make comparisons with the old Saturn V-Apollo and lunar 
excursion module (LEM) systems. But there’s also a biomedical side 
of Project Apollo, a human factors angle that we must keep in per-
spective, particularly if the next human missions will bring explorers 
to the Moon for more than a few days.

Apollo’s overall take-home message was pretty good. Systems 
and operational procedures, including the EVA suits that moonwalk-
ers wore on the lunar surface, protected Apollo crews phenom-
enally well, while allowing them to perform useful work. But we also 
learned that NASA was pushing the limit, particularly when it came 
to the “J missions”—Apollo 15, 16, and 17—which featured extended 
human activity on the lunar surface up to three Earth days, with a 
heavy focus on field geology. 

From an occupational medical and a space operations perspec-
tive, and based on testimony from moonwalkers themselves, crews 
were overworked. They survived with an impressive science output, 
because the time on the Moon and number of lunar extravehicular 

activities (LEVAs) was kept to a minimum. 
Looking through the Apollo mission results will tell us the NASA 

crews were pushing the limit when it came to lunar surface activ-
ity, yet not when it came to living in cis-lunar space. We are ready 
to keep people in lunar orbit and in the space between the Moon 
and Earth for months at a time, not just because of experience with 
the International Space Station (ISS), but also because of radiation 
studies carried out during Project Apollo. Such a perspective may 
provide insight that can help future lunar explorers stay longer than 
Apollo crews and perform more work on the Moon. Before delving 
into these issues more deeply, however, let’s look at NASA’s different 
categories of Apollo missions.

This artist’s concept shows the Lunar Orbital Platform-Gateway, an international project led by NASA 
that could give us long-term access to the lunar surface in the future. [NASA] 
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Apollo Mission Types
By the late 1960s, NASA had defined a set of Apollo mission types, 
designated A through J, corresponding to progressive levels of 
complexity. For manned missions, the first step was a C mission, 
consisting of a manned Apollo command-service module (CSM) in 
low Earth orbit (LEO). Several steps beyond this was the G mission, 
featuring the first human landing on the Moon and one LEVA, dur-
ing which astronauts set up a package of experiments on the lunar 
surface and collected geological samples. Apollo 12 and 14 were 
completed as H missions, featuring more time on the lunar surface, 
more complex experiment packages to set up, and more geological 

samples to collect during the course of two LEVAs. (Apollo 13 also 
was an H mission, but due to an in-flight emergency, astronauts did 
not land on the Moon.)  Cancelation of Apollo 18, 19, and 20 led to a 
reshuffling of missions that eliminated type I as a category, leaving 
Apollo 15, 16, and 17 as the most challenging lunar missions of the 
program, the J missions. In these missions, the mission commander 
and lunar module pilot remained in the lunar surface for three days, 
with very high workloads that were heavy on geological study. On 
J missions, astronauts explored over much greater distances com-
pared with earlier missions. To achieve these goals, the landing par-
ties performed LEVAs three days in a row, each lasting several hours, 
and they traveled on a lunar rover.  

Apollo was designed for lunar missions with a minimum eight-
day round trip times. Consequently, unlike NASA previous Mercury 
and Gemini capsules, which had traveled only in LEO, Apollo crafts 
included kits with medical devices and medications, and astronauts 
were given paramedical training. During the early 2000s, when con-
sulting with NASA flight surgeons at a workshop focused on medi-
cal operations and human factors for future human missions to the 
Moon, Apollo astronauts suggested that having more information 
printed on medications would have been helpful. They also advised 
that anti-motion sickness drugs should be within reach during 
future splashdowns.

Getting Sick in Space
Although Project Gemini had featured missions lasting days, even 
up to two weeks, enabling physiological and medical studies that 
began to teach us about the effects of weightlessness on the 
body, the Apollo command module had much more living space. 
Additionally, there was a need for astronauts to switch seats and, on 
some missions, to move between two connected vehicles. This all 

Buzz Aldrin leaves a bootprint in the lunar regolith during an Apollo 11 EVA. [NASA] 

http://astrosociety.org


VOL. 48 NO. 2 SPRING 2019
42

TABLE OF CONTENTS

meant increased mobility, including head movements, so this was 
really the point when scientists started to research a kind of motion 
sickness called space adaptation syndrome (SAS). One case of what 
probably was SAS struck Frank Borman, mission commander of 
Apollo 8. Carrying astronauts into orbit around the Moon without a 
LEM, in December 1968, this mission was considered especially risky. 
Nevertheless, when Borman became extremely ill with vomiting 
during the outbound trip, the crew downplayed it when communi-
cating with flight surgeons, so that they’d not be ordered to abort 
the flight to the Moon. During the Apollo 9 mission, March 1969, 
astronaut Russell (Rusty) Schweickart suffered what almost certainly 
was SAS that almost got his EVA cancelled, although he recovered 
and did complete the task.

Medical issues during Apollo flights ranged from relatively minor 
to serious. During Apollo 7, the astronauts got colds. Normally, this 
would be just a nuisance, but it made the crew cranky, so cranky that 
when it was time for reentry, they refused to don their helmets, so 
that they could use their fingers to clear their ears on the way down. 
During Apollo 13, as the astronauts were fighting just to return to 
Earth alive, the lunar module pilot, Fred Haise, suffered a urinary 
tract infection, which may have resulted from design issues involv-
ing the waste disposal system for urine. 

When it comes of the other type of human waste, Apollo astro-
nauts have testified that a system much better than the Apollo sys-
tem will be needed for humans to return to the Moon. So unpleasant 
and time consuming was it for astronauts to empty their bowels, 

Apollo 16’s command module “Casper“ at the lunar horizon with a crescent Earth as seen from the lunar module “Orion“ shortly before landing on April 20, 1972. [NASA]
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that it was not uncommon to take the drug lomotile, to constipate 
themselves on purpose. This was on top of the Apollo diet, which 
purposefully had been designed to be very low residue. Thus, during 
the interviews between flight surgeons and Apollo astronauts at the 
workshop during the early 2000s, it was revealed that one astronaut 
had gone six days without a bowel movement.  

A serious medical issue worth mentioning was a series of cardiac 
arrhythmias, abnormalities in the heartbeat, that struck Apollo 15’s 
James Irwin during and after he performed particularly strenuous 
work on the lunar surface. Later, physicians found that the lunar 
module pilot had underlying coronary disease. Given significant 
advances in medicine over the past half century, the selection of 
astronauts with serious underlying disease is unlikely, but feedback 
obtained from Apollo crewmembers has been assisting with the 
development of medical logistics and procedures. In particular, one 

medical suggestion by Apollo veterans is very likely to take effect 
on the next human lunar missions: a physician astronaut will almost 
certainly be included on the next human lunar flight.

At the time of Apollo 15, flight surgeons thought that the arrhyth-
mia event could have been merely the result of hypokalemia, a low 
potassium level. Consequently, during the next mission, Apollo 16, 
astronauts were prescribed heavy amounts of potassium in fruit 
juices. This produced flatulence as a side effect, leading mission 
commander John Young to complain about the effect. Commenting 
about the flatulence in somewhat course language to fellow astro-
naut Charlie Duke as the two explored the lunar surface, Young 
forgot momentarily that he was broadcasting to much of the rest 
of humanity at the time. Considering this Apollo experience, future 
flight surgeons may hesitate before ordering consumption of sup-
plementary potassium on the lunar surface, or juices laced with this 
electrolyte.

Quarantine and the Search for Lunar Life
There really were two types of quarantine during project Apollo—
one to prevent any life forms native to the Moon from contaminat-
ing humans or Earth, the other to protect astronauts from getting 
infected with an illness that could begin during their space mis-
sions.  During the first three missions that landed men on the 
Moon—Apollo 11, 12, and 14—the emphasis was to prevent “back-
contamination”. No such measures were needed at the conclusion of 
the Apollo 13 mission, since it did not reach the lunar surface. Early 
on, lunar materials were analyzed and a variety of Earth life forms, 
from microorganisms to mammals and plants, were exposed to the 
materials, ultimately proving that the lunar dust and rocks contained 
no life forms native to the Moon. Thus, after Apollo 14 in 1971, quar-
antine of astronauts and lunar material upon return to Earth was 

Neil Armstrong, Buzz Aldrin and Michael Collins, inside the Mobile Quarantine Facility (MQF), spend 
some time with their wives after the Apollo 11 mission in July 1969. [NASA] 
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deemed unnecessary. However, just prior to the launch of Apollo 
13 in 1970, the possible exposure to rubella virus of the command 
module pilot Ken Mattingly who had never suffered from the disease 
had led to a last-minute substitution with a different astronaut, Jack 
Swigert. To avoid a repeat of this scenario, NASA began quarantin-
ing mission crews prior to launch to avoid the possibility that they’d 
become infected with common diseases during the mission.

Study of Radiation Effects on Life
Unlike most other human space missions that took astronauts only 
into low Earth orbit (LEO), Apollo lunar missions took astronauts 
through regions of space where radiation is much more intensive. 
Consequently, Apollo 16 and Apollo 17 carried Biostack 1 and 
Biostack II, respectively. In these experiments, exposure to radiation 
particles was measured in a variety of life forms, including shrimp 
eggs, plant seeds, and various microorganisms, and correlated with 
biological damage. This was the beginning of serious efforts to 
understand the biological effects of deep space radiation. Together 
with subsequent experiments and the experience of sending 
humans to the Moon, mission planners are confident today, that the 
usual radiation environment encountered on the way to the Moon 
is survivable. They are survivable, so long as future lunar craft carry 
crews rapidly through Earth’s Van Allen radiation belts, avoiding the 
most dangerous regions of the belts, as happened during Project 
Apollo.

On the other hand, mission planners cannot depend on astro-
nauts encountering only the usual radiation environment, as there 
could be solar particle events (SPEs), placing crews at risk of acute 
radiation sickness. While there are plans for shielding against SPE 
radiation in future lunar spacecraft, and while lunar habitats can be 
buried, placed in lava tubes, or covered with lunar regolith, there is 

discussion regarding how to protect astronauts who are conducting 
LEVAs, exposed on the lunar surface. One possible idea, proposed by 
Apollo astronauts is to provide SPE shielding on future lunar rov-
ers. Meanwhile, although the normal, non-SPE radiation outside of 
Earth’s geomagnetosphere does not cause acute radiation sickness, 
there is a great deal of concern about long term damage, such as 
cancer and possibly heart disease. Consequently, there are research 
programs for the development of improved anti-radiation drugs, 
or cocktails of various agents that protect the body against radia-
tion damage. Work in this area will also contribute to the protection 
of Earth-bound patients receiving radiation therapy and victims of 
nuclear accidents.

Gene Cernan inside the Apollo 17 lunar module on Dec. 12, 1972, after the third EVA of the mission. 
Note the dust on his spacesuit. [NASA] 
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Combined Medical-Engineering Issues
One major category of innovations needed for humans to return to 
the Moon for long periods stem from issues in engineering. Of these 
issues, the standout involves spacesuit capabilities, and related 
questions regarding scheduling and planning of astronaut work on 
the lunar surface. 

Since the time of Project Apollo, and particularly during the more 
recent workshop with flight surgeons, Apollo astronauts have pro-
vided various suggestions on how to improve equipment. They have 
suggested that LEVA suits must be more flexible and provide better 
visibility compared with Apollo suits, especially when it comes to 
the ability to see one’s hands. They have suggested that an ability to 
see how much time remains on consumables, such as suit oxygen 
is much more important than an ability for astronauts to see vital 
signs, such as blood pressure and heart rate. They have suggested 
that mere familiarization with the lunar gravity environment during 
simulations on Earth is enough, and that extra training in this area 
would not be a wise use of time, since moonwalkers were able to 
learn to move around on the Moon relatively easily.

On the other hand, if any suggestion has been consistent across 
the board it has been that major improvements are needed when it 
comes to gloves. Hand mobility during Apollo was a major problem, 
plus astronauts suffered abrasions on hand and finger joints. This 
made performance of LEVAs on a third successive day painful to the 
point that moonwalkers have suggested that a fourth day of LEVA 
would not have been possible.

Apollo LEVA suits furthermore were affected by lunar dust, 
which literally ripped into outer suit layers. This was survivable, 
only because of the limited time on the Moon and limited number 
of LEVAs. In addition to harming the suits, dust entered the LEM 
environment, such that astronauts were breathing it. The lack of 

observed health effects of the dust, like the suit, was due merely to 
the short durations of the missions. However, given that the dust 
consists of tiny, sharp particles, a great deal of concern surrounds 
possible effects on the lungs when humans spend more time on the 
Moon.  

Due to the tendency of LEVA’s to produce fatigue, and due to the 
hand and finger abrasions, along with recommending that engi-
neers devote a great deal of effort into glove design, Apollo astro-
nauts have recommended that future missions should not require 
more than two successive days in a row of LEVA. Instead, past moon-
walkers recommend two days of LEVA followed by a day of in-space-
craft (or in-living module) work, rest, exercise, and recreation prior 
to another day of LEVA. Of course, without the pressure of having to 
squeeze all surface activity into three days, such a schedule recom-
mendation could easily be implemented on the next human mis-
sions to the Moon. Since LEVA’s will involve an increasing amount of 
work, the medical need surrounding prevention of decompression 
sickness also will come into play, intertwined with the question of a 
high pressure suit will be practical.

As for how long humans would be able to remain on the Moon 
this time, putting together all that has been learned on the medical 
and operational side, it seems as though logistical issues, human 
fatigue and other human factors issues, and engineering capabilities 
(especially related to spacesuits and gloves) will be the dominant 
factors. Fortunately, mission planners are starting out with a founda-
tion of knowledge, thanks to the Apollo missions of a half-century 
ago. 

DAVID WARMFLASH is an astrobiologist, space medicine researcher, and science 
writer. His first book, “Moon: An Illustrated History,” covers humanity’s study and 
exploration of Earth’s moon, from ancient times through Project Apollo, and into the 
future. Follow David on Twitter, Instagram and Facebook.
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reflec tions
By Ian O’Neill

265,000 Galaxies

It’s hard, some might say impossible, to put the scale of the Uni-
verse into human perspective, and this new image released by 
the Hubble Space Telescope certainly doesn’t help; it’s on a scale 

that blows the mind. Released on May 2, this mosaic—called the 
Hubble Legacy Field—is an accumulation of 16 years of observa-
tions, in ultraviolet to near-infrared light, including galaxies that 
were evolving just 500 million years after the Big Bang, some 13.3 
billion years ago. 

The image is an evolution from Hubble’s famous Deep Field 
(1995), Ultra Deep Field (2004), and eXtreme Deep Field (2012) 
surveys, but the Hubble Legacy Field is the largest, deepest and 
most comprehensive to date. An incredible 265,000 galaxies are 
estimated to be visible, and this mosaic took Hubble more than 
250 days and 7,500 exposures to create.

“Now that we have gone wider than in previous surveys, we 
are harvesting many more distant galaxies in the largest such 
dataset ever produced,” said Garth Illingworth of the University of 
California, Santa Cruz, in a statement. “No image will surpass this 
one until future space telescopes like James Webb are launched.”

[NASA, ESA, G. Illingworth and D. Magee (Univ. of California, Santa Cruz), K. Whitaker (Univ. of Connecticut), R. Bouwens (Leiden University), P. Oesch (Univ. of Geneva), and the Hubble Legacy Field team]

https://www.spacetelescope.org/images/heic1909a/
https://www.spacetelescope.org/news/heic1909/
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In March, the private spaceflight company SpaceX successfully launched their Crew 
Dragon spacecraft that will eventually ferry astronauts to and from the International 
Space Station. The unmanned test flight to the orbiting outpost delivered “Buddy”—
an Earth plushie toy made by the company Celestial Buddies—that is currently a 
temporary space station resident admiring “Mother Earth” from space.  [NASA]

https://twitter.com/AstroAnnimal/status/1102625748521762816/photo/1
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