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Save The Date: October 10, 2015
The 127th Meeting of the Astronomical Society of the Pacific

UNIVERSE 2015
at Chabot Space and Science Center

10000 Skyline Blvd. Oakland, CA

Astronomy activities for families

Public astronomy lectures

Planetarium shows

Science teacher workshops

Telescopic observing

Chabot’s interactive exhibits

Astrophotography contest

ASP Annual Awards and Banquet

...and much more!
The Chabot Space & Science Center is set amid the beautiful Redwood Regional Park in the hills  
above Oakland, CA. Chabot offers visitors the very latest in hands-on interactive exhibits, displays, 
 planetarium shows, and three magnificent telescopes including an historic 8-inch Alvan Clark 
refractor, a 20-inch refractor, and a 36-inch reflector. [Courtesy Chabot Space & Science Center, x2]
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on the cover
Front: The sparkling centerpiece of Hubble’s 
silver anniversary fireworks is a giant cluster of 
about 3,000 stars called Westerlund 2. The 
cluster resides in a stellar breeding ground 
known as Gum 29, located 20,000 light-years 
away. The two-million-year-old star cluster 
contains some of our galaxy’s hottest, 
brightest, and most massive stars. More 
details, plus a zoomable version of the image, 
can be found here. Courtesy NASA/ESA/the 
Hubble Heritage Team (STScI/AURA)/A. Nota 
(ESA/STScI)/the Westerlund 2 Science Team.

Back: MyCn18 — the Hourglass Nebula — is a 
young planetary nebula located about 8,000 
light-years away, This 1996 Hubble image has 
found its way onto album covers and into 
video games and movies. Courtesy NASA/
WFPC2/Raghvendra Sahai & John Trauger.

http://hubblesite.org/newscenter/archive/releases/2015/12/
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It is almost inconceivable to me that the 
Hubble Space Telescope has been orbiting 
Earth, and doing science, for 25 years. When 
it launched in 1990, I was working as a plan-
etarium show producer. I can still remember 
the tension and excitement of the launch, the 
build-up to seeing the first images, and the 
incredible disappointment when the primary 
mirror was found to be flawed.

A quarter-century and five servicing mis-
sions later, Hubble is performing better than 
ever. But perhaps the most fascinating aspect 
of Hubble’s history is that it’s making observa-
tions that were never envisioned when it was 
being designed and built. Here’s one example. 
In the July 1982 Scientific American article “The 
Space Telescope” by John N. Bahcall and Lyman 
Spitzer Jr., mention is made of studying 10 
nearby stars with high proper motions to see 
if the telescope could detect a wobble in their 
movement across the sky — a wobble that 
might indicate the stars have planets orbiting 
them. I don’t know if that study ever happened, 
but today the HST is imaging exoplanets 
directly as well as studying the atmospheres 

of planets discovered by another spacecraft 
— Kepler (see page 41). In 1982, both were 
unimagined possibilities for Hubble.

The telescope was launched onboard the 
Space Shuttle Discovery on April 24, 1990.  
Twenty-five years later, a special anniversary 
image was released (see our front cover), and 
HST retrospectives abound. Hubble’s Legacy: 
Reflections by Those Who Dreamed It, Built It, and 
Observed the Universe with It is a 10-tale, 240-
page PDF with sections on Hubble’s develop-
ment from conception to launch; resolving the 
mirror crisis and servicing the telescope (includ-
ing repair mission stories by astronaut John 
Grunsfeld); and how the popular impact of 
Hubble is intertwined with its scientific impact. 
It’s a fascinating read, and I highly recommend 
it to anyone interested in Hubble’s history. 

Happy anniversary, Hubble Space Telescope.

Paul Deans
Editor, Mercury

http://astrosociety.org
mailto:pnelson%40astrosociety.org
http://tinyurl.com/orac652
http://tinyurl.com/orac652
http://opensi.si.edu/index.php/smithsonian/catalog/book/57
http://opensi.si.edu/index.php/smithsonian/catalog/book/57
mailto:%20editor%40astrosociety.org
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Antonie Phillips van Leeuwenhoek was born in 1632 to a fam-
ily of Dutch tradesmen. As a teenager, van Leeuwenhoek was 
apprenticed as a textile maker, eventually becoming the pro-

prietor of his own linen shop. He developed a keen interest in lenses, 
using them to carefully inspect the quality of the cloth his shop 
produced. Though van Leeuwenhoek was an upstanding citizen of 
Delft, overseeing both the sheriff’s office and city’s wine imports, he 
led an unremarkable life until his interest in improving the quality of 
his lenses led him to create a scientific instrument that revolution-
ized the understanding of the universe: the compound microscope.

Microscopes had been invented and used long before van 
Leeuwenhoek’s improvements, but early instruments could only 
magnify objects by about 20 times. Van Leeuwenhoek’s high qual-
ity lenses and innovative design resulted in microscopes that could 
magnify 200 to 500 times. With this new optical magnifying power, 
viewing the invisible universe was possible for the first time. In 
1671, van Leeuwenhoek was the first to observe the motions of 
microorganisms swimming inside water droplets. He called these 
astounding alien beings, “animalcules.” He also was the first to see 
and describe bacteria and spermatozoa. The discovery of an unseen 
world filled with living creatures too small to see with the unaided 
eye fundamentally revolutionized biology and our understanding of 
the universe at microscopic scales.

The Hubble 
Space Telescope 
has revolutionized 
astronomy in the 
very same way that 
van Leeuwenhoek’s 
microscope fun-
damentally trans-
formed biology. I 
remember think-
ing a lot about van 
Leeuwenhoek the 
day the Hubble 
Space Telescope’s 
image of the Eagle 
Nebula (M16) was 
released in 1995. 
This Hubble image 
was as profound 
and awe inspiring as 
seeing microorgan-
isms inside a water drop for the first time. It’s no wonder that it was 
destined to become one of the most iconic of all Hubble images.

These eerie, dark pillar-like structures are columns of cool interstellar 
hydrogen gas and dust that are incubators for new stars. The pillars 
protrude from the interior wall of a dark molecular cloud, like stalag-
mites from the floor of a cavern. They are part of the Eagle Nebula, 
a star-forming region 6,500 light-years away. The picture was taken 
on April 1, 1995, with the HST’s Wide Field and Planetary Camera 2. 
[NASA, ESA, STScI, J. Hester and P. Scowen (Arizona State University)]

An Astronomical Revolution
The Hubble Space Telescope revolutionized astronomy in the same way that van Leeuwenhoek’s microscope transformed biology.

by Linda Shore

first word
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The Eagle Nebula wasn’t new to astronomers. Telescopic obser-
vations of M16 go back to 1745 when the Swiss astronomer Jean-
Philippe de Chéseaux discovered it as a star cluster. Charles Messier 
observed it in 1764 and noted a nebula surrounding the cluster. 
Using a much more powerful telescope, Caroline and William 
Herschel viewed the Eagle Nebula in 1783 and counted more than 
100 stars.

David Malin, the brilliant astrophotographer at the Anglo-
Australian Observatory, was responsible for what had been widely 
considered the best photograph of the Eagle Nebula ever collected. 
Captured in the 1990s, Malin’s ground-based image distinctly shows 
a bright emission nebula in the background with several dark, cool 
fingers of dust in the foreground. The Eagle Nebula was a quintes-
sential example of a star-forming region, and Malin’s image was 
remarkable for its detail and beauty.

Astronomers had long theorized about how stars and solar sys-
tems form inside nebulae, but improved optics combined with the 
image clarity possible above the Earth’s atmosphere allowed astron-
omers to literally witness creation. Images of the spectacular “Pillars 
of Creation” inside the Eagle Nebula revealed hidden details of star 
birth. It was like watching cellular mitosis for the first time.

In this issue of Mercury, we celebrate the Hubble Space Telescope’s 
25th anniversary with a special set of articles and columns. This 
incredible instrument has been directly responsible for some of 
astronomy’s most significant advances, including the discovery of 
the accelerating universe, an improved understanding of star forma-
tion and star death, a new model for galactic evolution, and insights 
into the nature of the early universe.

The HST has had an equally profound impact on STEM education. 
It’s impossible for a science teacher to conduct an Internet search of 
astronomy images without encountering mesmerizing ones like the 

Hubble Deep Field, the Great Nebula in Orion, the Cat’s Eye Nebula, 
or the Crab Supernova Remnant. School children continue to be 
inspired by these images and no doubt some of them will go on to 
be the next van Leeuwenhoek, Galileo, or Hubble.

Congratulations HST, and thank you for giving us all a clearer view 
of the cosmos! 

LINDA SHORE is the Executive Director of the Astronomical Society of the Pacific.

The Cat’s Eye Nebula, one of the first planetary nebulae discovered, also has one of the most complex 
forms known to this kind of nebula. Eleven rings, or shells, of gas make up the Cat’s Eye. [NASA/ESA/
HEIC/Hubble Heritage Team (STScI/AURA)]

http://ftp.aao.gov.au/images/captions/aat047.html
mailto:lshore%40astrosociety.org
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The most famous 11th-century comet was Halley’s Comet of 
1066, which was linked to the Norman Conquest of England. 
But another comet of that century is linked to battles in both 

Scotland and Holland, and we are just three years away from its 
1,000th anniversary. While the Battle of Hastings sealed the fate of 
England, the two battles of 1018 are linked to the development of 
both Scotland and Holland. 

The word “Holland” was first used in 1101, but the Counts of Frisia 
governed those lands for many years before and after that date. 
The Counts were beholden to the Holy Roman Emperor, but in 1018 
Count Dirk III become embroiled in a financial dispute with the 
Emperor, who sent an army to subdue him.

In a remarkable reversal of fortune, a much smaller force under 
Count Dirk soundly defeated the imperial army of about 1,000 men. 
The imperial commander was captured and many of his troops were 
slaughtered. Many historians now regard this as the first event mark-
ing the birth of the Dutch nation. The date was July 29, 1018.

A chronicle of the time, The Annals of Quedlinburg, explicitly asso-
ciated a comet with the Battle of Vlaardingen: “It heralded the great 
devastations by Dirk.” It was described as having an elongated shape, 
like a joist, and was visible for nearly four months before the battle.

In the minds of the people who lived during that time, the battle 
of Vlaardingen was presaged by yet another celestial event. Two 

chroniclers, Alpertus and Thietmar, 
mention a solar eclipse at Easter in 
the year 1018. Thietmar also men-
tions that a flock of birds gathered 
on the spot where the battle would 
take place and viciously attacked 
each other, thus predicting the vio-
lence that was to come.

After the comet swung behind the 
Sun and reappeared on its journey 
to the outer solar system, it was 
widely seen again for another two 
weeks. It was observed in Ulster, 
China, Japan, and Korea. The oriental sources give August 3rd or 4th 
as the starting date, and the northern sky (where the Plough stands) 
as its location. The Plough is another name for The Big Dipper.

In the English city of Durham lived a chronicler known as Simeon. 
Writing about 60 years after the event, this is what he recorded 
of a battle between the English and the Scots in Historia Ecclesiae 
Dunelmensis (History of the Church of Durham):

“In the year of our Lord’s incarnation ten hundred and eighteen, 
while Cnut ruled the kingdom of the Angles, a comet appeared for 
thirty nights to the people of Northumbria, a terrible presage of 

The Comet of 1018
As a harbinger of calamity, this comet was quite busy!

An Anglo-Saxon penny with a portrait of 
King Cnut the Great and, possibly, the comet 
of 1018.

by Clifford J. Cunningham

annals of astronomy
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the calamity by which that province was about to be desolated. For, 
shortly afterwards, (that is, after thirty days,) nearly the whole popu-
lation, from the river Tees to the Tweed, and their borders, were cut 
off in a conflict in which they were engaged with a countless multi-
tude of Scots at Carrun [Carham].”

The Scottish forces, led by King Malcolm II, defeated an English 
force led by Uhtred, Earl of Northumbria. King Cnut “of the Angles” 
(which is England) did not participate in the actual battle. 

The exact location of the Battle of Carham is unknown, but likely 
lies somewhere near Wark Castle, which was first built in 1136. (Ruins 
can be seen today 15 miles southwest of the city Berwick-upon-
Tweed). This state of affairs is not unusual — even in England, where 
the historical record is strong, no secure location can be assigned to 
any early medieval battle. But what the Battle of Carham achieved 

is more certain: the river Tweed became the established border 
between England and Scotland. 

The comet of 1018 has also been linked to another political shift. 
In that important year, King Cnut of England also became King of 
Denmark. An association between the comet and Cnut is suggested 
by an image on a coin from his reign. On the silver penny, a comet-
like shape appears to the right of Cnut’s portrait.

The Scots have a long memory, and even though it has been 997 
years, an enterprising group of locals has organized The Carham 
1018 Society. Working with the Battlefields Trust, the Society plans 
to commemorate the battle in 2018. Their efforts can be seen on 
their website. 

CLIFFORD J. CUNNINGHAM has a PhD in the History of Astronomy.

The Curious Case of the Missing Sunspots
Recent examinations of historical records cast doubt on the magnitude of the Maunder Minimum.

The scientific study of sunspots began with Galileo’s observa-
tions in 1610. In 1848 Rudolf Wolf developed what is now 
known as the Wolf number (or international sunspot number 

or Zürich number). The Wolf number is a weighted sum of 10 times 
the number of sunspot groups plus the number of individual sun-
spots. Wolf was faced with numerous gaps in data from 1610 to 1718 
and 1749 to 1818. He reconstructed sunspot numbers from 1700 
until 1818 based on both direct observations and calculated values. 

In 1890, astronomer E. Walter Maunder identified 1645 to 1715 as 
a period when exceedingly few sunspots were observed. In 1976, 
John Eddy made the controversial claim that during this so-called 
Maunder Minimum (MM), solar activity had all but ceased. However, 
auroral activity and beryllium-10 abundances in ice cores, both of 
which serve as proxies for solar activity, indicate that the 11-year 
solar cycle continued uninterrupted during this period. An explana-
tion for the apparent dearth of sunspots observed remains elusive.

by Jennifer Birriel

astronomer’s notebook

http://www.carham1018.org.uk
http://www.leif.org/EOS/0702-0702068.pdf
http://adsabs.harvard.edu/abs/1890MNRAS..50..251S
http://tinyurl.com/n4nv5rt
http://adsabs.harvard.edu/abs/2014SoPh..289.4701P
http://adsabs.harvard.edu/abs/2014SoPh..289.4701P
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Between 1995 and 1998, Hoyt and Schatten re-examined the early 
historical sunspot records and proposed a new time series called the 
group sunspot number. This number is based only on the number of 
sunspot groups observed, but it is normalized to be consistent with 
Wolf numbers after 1874 (after which we have consistent and accu-
rate records of both the number of individual spots and groups). They 
found that the Wolf number is 25% higher than the group sunspot 
number prior to 1874. In other words, the Wolf number overestimates 
the number of sunspots before 1874.

Earlier this year, Zolotova and Ponyavin published a new study 
using the database of nominal numbers of sunspot groups (NSGs) 
compiled by Hoyt and Schatten. Their work concentrated on the 
sunspot record between 1610 and 1720. They examined reports of 
sunspots in both text records and sketches for all individual observ-
ers during this time period. 

Historically speaking, Galileo’s 1610 observations of sunspots pro-
vided the first direct evidence against the Aristotelian view that the 
heavenly bodies were “unblemished.” It was Galileo’s view that sun-
spots were either on the surface of the Sun or in its atmosphere, and 
his sketches provide accurate representations of sunspot structure. 
However, many of his contemporaries viewed sunspots as the result 
of a transiting planet’s shadow and they recorded circular shaped 
sunspots in their sketches, in accordance with the views of Aristotle. 

Zolotova and Ponyavin found that sketch and text records from 
1610 to 1720 show marked discrepancies. They found numerous 
cases in which astronomers would report a ”blank” Sun in their text 
references while simultaneously providing sketches with irregularly 
shaped sunspots. In many cases, an observer would report a blank 
Sun on the same days that others reported one or more sunspots. In 
still other cases, an observer might report a single, circular sunspot 
while others were reporting more than one sunspot on the same 

dates. Apparently, those individuals who regarded sunspots as tran-
sit events ignored any smaller, irregular spots that were also present 
and focused on what they perceived to be the transit event. 

Zolotova and Ponyavin contend that this is strong evidence that 
the scientific school of thought to which the observer subscribed 
greatly influenced the number of sunspots reported in text reports 
(which far exceed sketches). They could even identify when a specific 
observer had changed his scientific school of thought by a distinct 
change in the number of sunspots he reported! The most important 
result of their studies is that sunspot numbers were substantially 
under-reported in the 17th century. When they combine the daily 
NSGs from the Hoyt and Schatten database with a solar cycle of 9.6 – 
12.5 years (the observed duration from 1823 to 2008), they find that 
the 11-year sunspot cycle appears to have continued uninterrupted 
during the MM. The amplitude is still lower than reports after 1720, 
but the MM appears to be just an ordinary secular minimum! 

JENNIFER BIRRIEL is Professor of Physics at Morehead State University in KY where she studies 
night sky brightness with undergraduate researchers and teaches physics for majors and non-majors.

This figure summarizes the 400 years of regular sunspot number observations. There is also consider-
able long-term variability, including the Maunder Minimum, the less severe Dalton Minimum, and 
increased sunspot activity during the last 50 years, known as the Modern Maximum. The causes for 
these variations are not well understood. [Image created by Robert A. Rohde / Global Warming Art]

http://tinyurl.com/optt2wy
http://tinyurl.com/pfktfmg
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Many of Hubble’s signature images are of distant objects 
— from the oldest galaxies to star-forming nebulae. But 
Hubble has also made amazing discoveries within our own 

backyard — the solar system. 
Protecting the HST’s delicate optics requires that no observa-

tions be made within 50° of the blinding Sun. This kept Hubble 
from studying Mercury, but it has turned its eye toward every other 
planet. It has monitored the weather on Venus and massive, planet-
wide dust storms on Mars. 

Beyond the inner solar system, Hubble’s contributions become 
even more impressive. The space telescope has been serving as a 
scout, of sorts, for NASA’s Dawn mission, which visited the asteroid 
Vesta in 2011 and recently entered orbit around the dwarf planet 
Ceres. While the probe was on its way to Vesta, Hubble captured 
detailed views of the asteroid. These images were used to help 
determine its spin and major features, so that the mission team 
could plan Dawn’s approach and observations.

Hubble has been key in the observation of several comets, most 
recently Comet ISON on its first (and last) trip to the Sun, and Comet 
Siding Spring, which a short time ago paid a visit to Mars. But its 
most impressive cometary observations (and, arguably, among the 
most important observations ever made) were of the destruction of 
Comet Shoemaker-Levy 9 (SL9). 

In 1994 Hubble 
had just received its 
corrective optics and 
was taking sharper 
pictures than ever 
before. In a stroke of 
luck, calculations of 
SL9’s orbit around 
Jupiter showed it 
was in decay and 
would soon impact 
the planet — the first 
collision between two 
solar system bodies 
that we would be able to directly observe. Hubble played a key role 
in this campaign, observing 21 impacts of the shattered comet on 
the planet during the course of a week in mid-July, 1994. 

Just this spring, Hubble assisted in observations that led scientists 
to believe there may be an ocean beneath the icy surface of Jupiter’s 
largest moon, Ganymede (see page 38). Hubble also provided the 
first visual evidence of aurora on the gas giants Saturn and Uranus, 
and discovered moons around three of the four gas giants.

In the outer the solar system, Hubble is truly invaluable. No other 

Hubble and the Solar System
Hubble doesn’t always peer into the depths of the cosmos.

In this HST image of Jupiter, eight SL9 impact sights are visible. 
The smallest features in this image are less than 200 kilometers 
across. [NASA/HST Comet Team]

by Emily Joseph

planetary perspectives

http://tinyurl.com/q88c6a8
http://tinyurl.com/ojf6ra9
http://tinyurl.com/km284g6
http://tinyurl.com/npsccax
http://tinyurl.com/ox6l6ba
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telescope has (or could have) matched its contributions to the study 
of the Kuiper Belt, particularly the largest known Kuiper Belt Object 
(KBO), Pluto. Hubble helped us discover Pluto’s “family.” Charon, the 
largest, was found with ground-based observations in the 1970s, but 
Nix, Hydra, Kerberos, and Styx were spotted in Hubble images. 

The best images we currently have of Pluto are from Hubble. In 
1996, the space telescope gave us our first look at the dwarf planet’s 
surface. Fourteen years later new images added some color, but our 
best “maps” still resemble a child’s watercolor more than anything 
else. NASA’s New Horizons spacecraft is currently on the last leg of 
its Pluto approach, and starting this May the resolution of its images 
of Pluto will finally exceed Hubble’s.

After passing the Plutonian system, New Horizons will continue 
its journey, but to where? That is a question that Hubble is helping 

us answer. The telescope spent several orbits last year scanning 
the sky beyond Pluto, hoping to find another KBO for the probe to 
investigate. Eventually, three possibilities were found, each only a 
few percent of Pluto’s size — a true needle-in-a-haystack search. 

The Hubble Space Telescope was designed and built to explore 
the deepest reaches of space, and during the past 25 years, it has 
done so beyond our wildest dreams. But even in our own backyard, 
its contributions to planetary science have been immeasurable. 
Long after Hubble has gone, we’ll still be scouring its archived data 
to learn more about our planetary neighbors. 

EMILY JOSEPH is a Research Assistant (with an emphasis on Mars studies) at the Planetary Science 
Institute, and is part-time on the VIMS operations team for the Cassini mission at the University of 
Arizona Lunar and Planetary Lab. You can find her on Twitter @EmExAstris.

Making Other Earths
For typical close-in, small exoplanets, the chances are high that they share an Earth-like composition.

How do you make an Earth-like planet? The “test kitchen” 
of Earth has given us a detailed recipe, but it wasn’t clear 
whether other planetary systems would follow the same 

formula. Now, astronomers have found evidence that the recipe for 
Earth also applies to terrestrial exoplanets orbiting distant stars.

“Our solar system is not as unique as we might have thought,” 
says Courtney Dressing of the Harvard-Smithsonian Center for 
Astrophysics (CfA). “It looks like rocky exoplanets use the same 

basic ingredients.” The key to the discovery was the HARPS-North 
instrument on the 3.6-meter Telescopio Nazionale Galileo in the 
Canary Islands. (HARPS stands for High-Accuracy Radial velocity 
Planet Searcher.) It is designed to accurately measure the masses of 
small, Earth-sized worlds. Those measurements are crucial to deter-
mine densities and therefore compositions.

“Our strategy for using HARPS-North over the past year has been 
to focus on planets less than two times the diameter of Earth and to 

by Courtney Dressing

strange new worlds

http://tinyurl.com/pa9ayz5
http://tinyurl.com/pul25de
http://www.eso.org/sci/facilities/lasilla/instruments/harps.html
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study a few planets really well,” explains 
Harvard astronomer David Charbonneau 
(CfA), who currently heads up the HARPS-
North Science Team.

Most recently the team targeted Kepler-
93b, a planet 1.5 times the size of Earth in 
a tight, 4.7-day orbit around its star. The 
mass and composition of this world were 
uncertain. HARPS-North nailed the mass 
at 4.02 times Earth, meaning that the 
planet has a rocky composition.

The researchers then compared all 10 
known exoplanets with a diameter less 
than 2.7 times Earth’s that had accurately 
measured masses. They found that the 
five planets with diameters smaller than 
1.6 times Earth showed a tight relation-
ship between mass and size. Moreover, 
Venus and Earth fit onto the same line, 
suggesting that all these worlds have 
similar rock-iron compositions.

As for the larger and more massive exoplanets, their densities 
proved to be significantly lower, meaning that they include a large 
fraction of water or other volatiles, hydrogen and/or helium. They 
also showed more diverse compositions rather than fitting into a 
single group like the smaller terrestrial worlds.

The team also noted that not all planets less than six times the 
mass of Earth are rocky. Some low-mass worlds with very low densi-
ties are known (such as the planets in the Kepler-11 system). But for 
typical close-in small planets, the chances are high that they share 
an Earth-like composition.

“To find a truly Earth-like world, we should focus on planets less 
than 1.6 times the size of Earth, because those are the rocky worlds,” 
recommends Dressing. 

COURTNEY DRESSING is a fifth-year graduate student in the Astronomy Department at Harvard 
University. She is working with David Charbonneau to investigate the frequency, composition, and 
detectability of small planets around small stars.

[Planet illustration: David A. Aguilar (CfA). Background: Theresa Thompson]

http://arxiv.org/abs/1405.3659
http://arxiv.org/abs/1405.3659
http://tinyurl.com/pms8wvs
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Astronomers have lots of ideas about the nature of dark mat-
ter, but under closer scrutiny, nothing ever seems to stick. 
Now, a new set of observations with two NASA space tele-

scopes may explain why. Dark matter just ain’t that sticky; it slides 
through the universe untouched.

Dark matter contributes most of the mass in the universe. Ordinary 
matter — the stuff that makes up stars, trees, you, and me — is rela-
tively rare, constituting only about 15% of the universe’s mass.

As the name implies, dark matter can’t be seen; it doesn’t reflect, 
absorb, or emit light like ordinary atoms do. Yet astronomers know it’s 
out there because, having mass, dark matter interacts with gravity. In 
the 1930s, Fritz Zwicky was among the first to postulate the existence 
of dark matter to account for the “missing mass” in galaxy clusters.

In other words, if all the mass in galaxies and galaxy clusters were 
ordinary matter, there wouldn’t be enough gravitational force to 
keep these structures from flying apart. Astronomer Vera Rubin, an 
expert on galaxy rotation rates, provided amble evidence for this 
through the 1960s and 70s.

“We see the wind blowing the trees; we can’t see the wind but we 
know it is there indirectly because the trees are moving,” explained 
David Harvey of the École Polytechnique Fédérale de Lausanne in 
Switzerland, lead author of the new study. “Dark matter has a similar 
effect on the movement of stars, galaxies, and light. We can see its 

gravitational pull on the universe 
that we can see.”

Most astronomers subscribe 
to the theory of dark matter. (A 
minority thinks the theory of 
gravity is wrong, and there is no 
dark matter; they aren’t entirely 
off base.) Nevertheless, no one 
knows what this dark matter 
could be. Candidates range from 
massive, dark, ordinary objects 
that we simply can’t see — such 
as cold, burnt-out stars or gas 
— to hypothetical particles 
predicted by theoretical physics, 
such as the neutralino.

Now the field of winnable candidates has narrowed. As reported 
in the journal Science in March, astronomers tracked 72 galaxy clus-
ter collisions with NASA’s Hubble Space Telescope and Chandra X-ray 
Observatory. They found that dark matter doesn’t slow down when 
colliding with other dark matter.

Remember that most of the mass in clusters is from dark matter.  
As these clusters collided, this matter didn’t get dragged out to 

Dark Matter Reveals Its Hands-Off Personality
Dark matter seems to be even harder to detect than previously thought, but that just means a few theories can be discarded.

This HST/Chandra image shows the galaxy cluster 
ZwCl 1358+62. Using visible-light images from 
Hubble, the team mapped the post-collision 
distribution of stars and also of the dark matter 
(colored in blue), which was traced through its 
gravitational lensing effects on background light. 
Chandra was used to see the X-ray emission from 
impacted gas (pink). [NASA/ESA/STScI/CXC]

armchair astrophysics

by Christopher Wanjek
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somewhere between the galaxies but rather remained tightly 
aligned with the galaxies. The fact that dark matter isn’t sticky rules 
out candidates that would have a strong frictional force, such as 
MACHOs (MAssive Compact Halo Objects) along the lines of black 
holes, neutron stars, and brown dwarfs. 

That leaves, as the top candidates, the neutralino (a WIMP, or 
weakly interacting massive particles) and the axion, a hypothetical 
subatomic particle of low mass and energy that would have been 
produced abundantly in the Big Bang. Neither, of course, has been 
proven to exist. The neutralino requires the Large Hadron Collider in 
CERN to discover an entire new family of supersymmetric particles. 

If dark matter does interact with itself or with ordinary matter, the 
signal is very weak. Richard Massey of Durham University, UK, a co-
author on the report, said ever-elusive direct detection might come 

through larger surveys of galaxy clusters. He pointed with optimism 
to ESA/NASA’s Euclid satellite, scheduled for 2020 launch, which will 
investigate the evolution of cosmic structures by measuring shapes 
and redshifts of galaxy clusters to a look-back time of 10 billion years.

Massey hopes to launch a balloon-based experiment in September 
2015 called the High Altitude Lensing Observatory (HALO), which 
could give him up to 100 days to observe galaxy clusters in motion. 

While we may be at the limits of current telescopes, both Massey 
and Harvey predict that we may be finally out of the dark about dark 
matter in five to ten years. 

CHRISTOPHER WANJEK is a freelance health and science writer who, like a WIMP, is trying to avoid 
collisions in Baltimore.

Analogous Shifts: NGSS and the HST
Both students and astronomers are undergoing shifts in how they experience and discover science.

This past March, I attended the National Science Teachers 
Association’s National Conference on Science Education in 
Chicago. For the last few years, most sessions have revolved 

around helping teachers understand, and apply, the Framework for 
K-12 Science Education (NRC, 2011), and the Next Generation Science 
Standards: For States, By States (NGSS Lead States, 2013) in their 
classrooms. National leaders such as Stephen Pruitt from Achieve, 
the organization tasked with writing the standards, and Brian Reiser, 

from Northwestern University, shared lessons learned since the 
NGSS were published in April 2013. 

As teachers find out about, and implement, the NGSS, one of the 
primary shifts taking place is having students move from just learn-
ing about a set of topics to figuring out and explaining phenomena. 
Through the use of scientific/engineering practices and a coherent 
storyline of investigations, students gather evidence to build explan-
atory ideas to answer questions about phenomena.

by Brian Kruse

education matters

http://sci.esa.int/euclid/
http://tinyurl.com/pn674ve
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For example, middle school students will have to “Develop and 
use a model of the Earth-Sun-Moon system to describe the cyclic 
patterns of lunar phases, eclipses of the Sun and Moon, and sea-
sons.” (NGSS Performance Expectation MS-ESS1-1) This performance 
expectation specifically calls for students to engage in the science 
practices of developing and using models, and analyzing and inter-
preting data, while utilizing the crosscutting concepts of patterns, 
and scale, proportion, and quantity. 

Configuring the components of a physical model to display  
the geometry of the Earth-Sun-Moon system also incorporates an 
engineering design component as the students create a three-
dimensional model they can manipulate to gather evidence to  
support their explanation of the cyclical phenomena of lunar 
phases and eclipses.

At the same time as these large shifts are taking place in the sci-
ence education community, this spring the astronomical commu-
nity is celebrating the 25th anniversary of the launch of the Hubble 
Space Telescope. Following its ride into space aboard the Space 
Shuttle Discovery on April 24, 1990, Hubble saw first light about 
one month later. As reported elsewhere, Hubble was launched with 
flawed optics, requiring an engineering fix to take full advantage of 
its position in Earth orbit. 

The object lesson for students is how engineers solved the prob-
lem with Hubble’s optics, and designed a fix to allow the telescope 
to obtain the kind of data it was built to collect. Of course the whole 
concept of placing a telescope into orbit beyond Earth’s atmosphere 
was a solution designed to solve the problem of studying objects 
through an atmosphere that causes distortion and blocks some of 
the critical portions of the electromagnetic spectrum. 

The Hubble Space Telescope brought about a very large shift 
in how astronomers investigated phenomena before and after 

deployment. Prior to Hubble, much of astronomy was cataloguing 
objects and speculating on their nature without the kind of direct 
evidence astronomers needed to understand them. The HST finally 
gave astronomers the data they required to develop more accurate 
descriptions of star formation, galactic evolution, and the nature of 
the early universe after the Big Bang.

Like contemporary astronomers, K–12 educators are making simi-
lar shifts in how their students experience science in the classroom. 
Instead of memorizing and cataloging facts, students are being asked 
to develop explanations from real data, create mental models to 
explain what they observe, and develop logical conclusions and argu-
ments. In fact, students are using Hubble data and images not just to 
learn astronomy, but to develop the scientific thinking skills needed 
by researchers to make discoveries in the first place. For example, 
rather than merely identifying an image of a planetary nebula, stu-
dents can now investigate in some detail the processes recorded in 
the image, discovering its context within the greater cosmos.

What this really says is that a teacher, implementing an instruc-
tional model grounded in the Next Generation Science Standards, 
has a powerful tool to help students achieve competence in engag-
ing in scientific and engineering activities, much as the HST is a 
powerful tool for astronomers. The ultimate result will be more sci-
entifically literate adults, some of whom will go on to design future 
generations of space telescopes, making discoveries we cannot even 
imagine today. 

BRIAN KRUSE manages the formal education programs at the ASP, and was recently installed as the 
Director for Region F of NSELA, the National Science Education Leadership Association.
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Just a few weeks ago, I found myself in front of a group of 3rd 
and 4th graders discussing how stars live and die. The students 
were politely listening as I talked about how a star becomes a 

supernova, though they had made it abundantly clear that their true 
excitement lay in the prospect of discussing black holes! In prepar-
ing my talk, I had absentmindedly included in my slides a few exam-
ples of supernova remnants, including the HST’s iconic mosaic of the 
Crab Nebula. When I flipped to that slide, there was — literally — a 
collective audible gasp from the audience. 

I was only 10 years old when Hubble was launched, just about 
the age of those school kids. I have spent my entire professional life 
with the HST. I see the images daily on posters in my office, on slides 
during class, and on the Internet — I even use the “pillars of creation” 
image as my online avatar for digital discussions with students. For 
me, and probably many astronomers, the HST is such a basic part 
of the field that Hubble images can seem quite commonplace. But 
then, with a mere inhale of breath, a class of students can remind me 
just how magnificent they really are. Collective gasps are just one of 
the many enduring legacies of Hubble.  

HST images are always a go-to resource for public outreach and 
teaching, because humans have a visceral reaction to beauty — and 
the aesthetics of HST images are undeniable. The images, of course, 
represent much more than beauty. You can hook the audience with 

the pictures, and then draw them into 
the science.

Hubble has obviously made phe-
nomenal contributions to the science of 
astronomy. For some reason, scientific 
discoveries made with Hubble seem to 
be regarded by the general public as 
extra special. Personally, I think this is 
because everyone loves an underdog 
story (see also “Pluto, not a planet”).

The story of Hubble is truly a 25-year-
long drama. In its opening act, it was 
successfully launched and deployed 
from the Space Shuttle Discovery, 
despite delays due to the Challenger 
disaster but then — cue ominous 
music — the fundamental flaw in its mirror was discovered. A bold 
mission to correct the problem, often described as fitting the HST 
with a contact lens, made Hubble almost seem like a human charac-
ter in an amazing “rags to riches” story (slightly ironic, of course, given 
its billion dollar price tag). Subsequent servicing missions reawak-
ened our imagination, and when its instruments finally give out (a 
time far in the future, I hope!), the HST will be mourned far and wide. 

Collective Gasps
Images from the Hubble Space Telescope are a fabulous outreach tool.

The Crab Nebula is a six-light-year-wide 
expanding remnant of a star’s supernova 
explosion. This composite image was 
assembled from 24 individual exposures 
taken by the HST in 1999 and 2000. 
A zoomable image is available here. 
[NASA/ESA/J. Hester & A. Loll (Arizona 
State University)]

by Bethany Cobb

reaching out

http://hubblesite.org/newscenter/archive/releases/2005/37/image/a/format/zoom/
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From a public relations point of view, this space telescope has 
been incredible for astronomy, but its renown also comes with two 
slight problems. First, the work done on the HST has given many 
people the incorrect impression that all space telescopes can be 
repaired in space. Alas — and here’s looking at you, Kepler — this is 
not the case. Many find this fact quite disappointing. 

The other challenge is that everyone thinks all astronomy images 
are as beautiful, clear, and detailed as Hubble images! Typically, 
of course, data is much more prosaic: basic black and white, plain 
star fields, smearing from atmospheric turbulence. Even gamma-
ray burst afterglows, which represent huge explosions in the very 
distance universe, are visually uninteresting, appearing as they do as 
nothing but fading dots of light. Spectra, while rich in information, 
are also lacking in visual appeal. 

Still, the good far outweighs the bad, and misconceptions about 
Hubble’s strengths and weaknesses (people tend to be shocked at 
how relatively small its mirror is) are a great way to begin discussions 
about the science of astronomy.

The deepest Hubble images seem to pierce the very cosmos itself. 
While peering into such vastness can make anyone feel rather tiny 
and insignificant, it can also be a moment to marvel in how much 
we know about the universe and how much more we desire to 
know. For that reason, Hubble images will always remain one of the 
best outreach tools that astronomers have for capturing the public’s 
interest, imagination, and support. 

BETHANY COBB is an Assistant Professor of Honors and Physics at The George Washington University, 
where she studies gamma-ray bursts and teaches physics/astronomy to non-science majors.

More Things Hubble
In case you’re looking for even more Hubble material….

Saving Hubble: In celebration of the Hubble Space Telescope’s 25th 
anniversary in orbit, the acclaimed cult documentary Saving Hubble 
will be made available to view for free at the film’s website.

Saving Hubble takes an unusual and distinctive approach to its 
subject matter, exploring the scientific, cultural, political, and spiri-
tual significance of Hubble to astronomers, engineers, astronauts, 
politicians, program managers, and, most endearingly, a broad 
cross-section of the general public.

Of specific interest to the film is the chapter in Hubble’s life that 
began in 2004 with the untimely cancellation of the telescope 
before the intended conclusion of its mission life. The film tracks 
Hubble’s fight for survival through its eventual reinstatement and 
servicing by space shuttle astronauts in spring 2009. Though the 
film touches on a dark period in Hubble history, it frequently draws 
praise for examining Hubble’s most challenging moment to create 
a lens through which the larger story of Hubble’s accomplishments 

by Paul Deans

societal impact

http://www.savinghubble.com/
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and popularity emerge. The film departs often from its central plot 
to explore Hubble’s history as well as the stories of individuals who 
were transformed by their work on Hubble over time.

“Hubble’s wide support among the general public, to say nothing 
of the space and astronomy communities, is obviously a testament 
to the success of the mission,” says director David Gaynes, “but the 
achievement of Hubble is even greater than the sum of all the sci-
ence and wonder the mission has generated.”

Hubble 25th Anniversary Video Series. NASA is releasing a 13-part 
video series showcasing the Hubble Space Telescope as it has never 
been seen before. For the past 25 years, Hubble has transformed our 
view of the universe, become a cultural icon, and even contributed 
to medical technology, among its many other accomplishments. 
Included in one of the first videos is a look at the original Hubble 
(Edwin, that is).

Images, Images, Images. As you might expect, any optically capa-
ble observatory operating for 25 years will have acquired “bazillions” 
of images, and the HST is no exception. It’s likely that most Mercury 
readers know where to find a stash of Hubble shots, but just in case, 
here are three sites you should certainly be aware of.

The Hubble Heritage Project offers the full range of images. 
There’s also a subset gallery called Hubble Art, which includes 
Hubble-related visuals, music, and literature. 

The ESA/Hubble image site includes the same images but 
arranged differently. There you’ll find ESA’s Top 100 HST images 
(without having to search the Web) available for download in two 
rather large ZIP files. 

Finally, there’s the aptly named Hubble Site. Here you can link to 
the Newscenter to read every HST press release ever released. You 

can also find nearly 900 video clips in the HubbleSite video archive. 
And all this is without even mentioning the material available on 
NASA’s HST social media sites. 

Hubble 25 Resources. This Resources page has a number of fine 
items for educators including posters, videos, educational activites for 
students of various ages, e-books, and PowerPoint presentations.

The Hubble Space Telescope Anniversary Site. Yes the official anni-
versary was on April 24th, but there’s plenty going on the rest of the 
year. Keep up to date with all the activities at http://hubble25th.org. 

PAUL DEANS is the editor of Mercury. During the past 25 years, he has seen a plethora of HST-
related material appear in his e-mail in-box.

The author’s favorite HST image is probably this light-echo sequence of V838 Monocerotis and the cool 
video created with the actual HST images. [NASA/ESA/Z. Levay (STScI)]

http://hubble25th.org/video/4
http://hubble25th.org/video/4
http://heritage.stsci.edu/
http://www.spacetelescope.org/images/
http://hubblesite.org/
http://hubblesite.org/newscenter/archive/browse/video/
https://hubble25th.stsci.edu/resources/7
http://hubble25th.org/
http://www.spacetelescope.org/news/heic0617/
http://www.spacetelescope.org/videos/heic0617a/
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Changing the Textbooks:  
Classic Early Achievements  
of the Hubble Space Telescope 

From amazing discoveries to iconic images, 
Hubble has impacted both science and culture.

By Jennifer Wiseman

The Hubble Space Telescope (HST) floats gracefully above 
the blue Earth after release from Discovery’s robot arm  
after a successful servicing mission. [NASA/ ESA]
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This is a great year for Hubble. Almost every year is a great year 
for Hubble. But this being the 25th anniversary, we’re par-
ticularly excited to talk about not only what has been accom-

plished with Hubble but also what is being accomplished and what 
will be accomplished, because the HST right now is as scientifically 
powerful as ever!

As we look back to the early years, we ask ourselves: why a space 
telescope? There have been many explorations into that question, 
so I won’t try to play historian — but I’ll give you a couple of tidbits. 
Even back in the 1960s there was a National Academy study led by 
Lyman Spitzer. The result of that was what was informally called 
“Chairman Spitzer’s Little Black Book” reporting the results of that 
study on the scientific uses of a large space telescope. This blos-
somed into a NASA decision to go forward with a space telescope. 

The first announcement of opportunity was put forth in 1977, 
listing ideas for science instrument teams and instrument proposals 
and for participation in the mission in other ways by scientists. That 
announcement included more than 20 examples of the kinds of sci-
ence you might be able to do, uniquely from space, if you had this 
kind of capability. 

Some of those key issues, which developed and matured between 
1977 and 1990 (the point of launch), are listed at right. I’ll bring to 
your attention a few examples of some of these topics from the early 
years of Hubble. 

Star Formation
The first servicing mission to address the spherical aberration prob-
lem on Hubble was completed in 1993. In subsequent years there 
was a burst of new science and new images coming from the HST. 
One of those iconic images was the 1995 picture of the Eagle Nebula 
— the columns of gas signifying a region where stars have recently 

Key Issues in Astronomy When Hubble Was Launched

• Distance scale of the universe, the rate of expansion, and there-
fore the implied age of the universe. 

• Properties and distribution of gas around and between galaxies.
• Supermassive black holes in the nuclei of galaxies and their rela-

tionship to Active Galactic Nuclei and quasars.
• Properties and evolution of star populations in our own and 

other galaxies.
• Structure and properties of star-forming regions.
• Properties and long-term monitoring of planets, comets, and 

asteroids in our solar system.

The HST recently acquired a bigger and sharper photograph of the iconic Eagle Nebula’s “Pillars of 
Creation,” (right). The original 1995 Hubble image of the gaseous towers, taken with Hubble’s Wide 
Field Planetary Camera 2, is shown at left. [Left: NASA/ESA/STScI/Arizona State University. Right: NASA/
ESA/Hubble Heritage Team (STScI/AURA).]

http://www.amnh.org/education/resources/rfl/web/essaybooks/cosmic/p_spitzer.html
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formed and are still forming inside those columns. The image 
acquired the informal name “The Pillars of Creation.” Now we have a 
marvelous new image of those same pillars, taken 20 years later with 
a newer camera on Hubble. (Check out the new infrared version of 
the image, where you can see into the pillars.) 

The 1995 image provided a visual clue as to the interaction of 
young stars that have recently formed (which, in the image, are 
outside the pillars), and how they’re interacting with the dense gas 
remaining behind and maybe even impacting the population of 
stars still trying to form in these denser regions. It gave us, for the 
first time, a high-angular resolution view of what’s going on in star-
forming regions. 

Black Holes
What about black holes? Early on, as soon as Hubble was fixed, the 
telescope was pointed toward the core of a very interesting galaxy 
— M87. The galaxy was known to be interesting because it has an 
active core and a very powerful jet emanating from that core. So 
what was going on? Could there be something exotic, even a black 
hole, in the core of the galaxy? Hubble honed in on the galaxy’s core, 
and the motion of the gas was monitored using a spectroscope. 

Astronomers looked at the gas on one side of the core and then 
the gas on the other side of the core. They could tell that the gas was 
extremely shifted in its frequency: red-shifted on one side, which 
indicates motion away from the observer and blue-shifted on the 
other side, which indicates motion toward the observer. And it’s 
really fast motion — about one million miles per hour in each direc-
tion. So the gas is orbiting very rapidly around the core of M87. 

From that it was deduced that the only way something could be 
orbiting this fast, or would need to orbit this fast in order not to fall 
in, would be if there was something very massive in the core within 

a very small volume. We’re talking about at least a three billion solar-
mass black hole in the core of M87 driving the motion of the gas. 
This was the first definitive observation of a supermassive black hole 
in the center of another galaxy.

Stars in Clusters
The repaired Hubble also had exquisite angular resolution that 
allowed us to look for individual stars — to separate them in 
crowded regions. In this way you could study populations of stars 
and map out their properties.

The cluster NGC 1850 lives in our sister galaxy, the Large Magellanic 
Cloud. Hubble is good enough to differentiate star from star — 

This HST image shows a spiral-shaped disk of hot gas in the core of the active galaxy M87. Hubble 
measurements show the disk is rotating so rapidly that it must contain a massive black hole at its hub. 
[NASA/STScI/Johns Hopkins University/Applied Research Corp]

http://tinyurl.com/qcy82y4
http://hubblesite.org/newscenter/archive/releases/1994/23/text/
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that’s what angular 
resolution and get-
ting above the atmo-
sphere will do for you. 
Astronomers discerned 
from their studies of the 
star cluster that there 
were actually multiple 
populations of stars 
within this particular 
region. One cluster of 
stars had formed, the 
massive stars had gone 
off in supernova explo-
sions, and the pressure 
and disruption from 
those explosions had 
incited another wave of 

star formation. They could tease all this out just from having high-
resolution images from Hubble.

The Cosmic Distance Scale
A major key program for Hubble was to try to measure the dis-
tance scale of the universe. In fact, Hubble had some initial projects 
— called Key Projects — that were kickoffs for major science for 
Hubble. One such team was led by Wendy Freedman. Her goal was 
to measure distances to galaxies, so we could use them as a distance 
ladder to discern something about the scale of the entire universe 
and perhaps even the age of the universe. 

What the team did was look for a particular type of star — a 
Cepheid variable. Cepheids are known for having a good relation-

ship between the frequency of their pulsation and their intrinsic 
brightness. So you can use them as what’s called a “standard candle.” 
You can tell how bright the star appears, you know how bright it 
intrinsically is from its rate of pulsation, and that gives you a handle 
on how distant the galaxy is in which that Cepheid variable resides. 

So the image below shows M100, one of the galaxies that were 
studied. The insets show an example of one Cepheid variable star. 

This Hubble view of NGC1850 shows rich detail, previously 
only seen in neighboring star birth regions, in a pair of star 
clusters 166,000 light-years away in the Large Magellanic 
Cloud. The field of view is 130 light-years across.  
[STScI/ESA/JPL/NASA]

This Hubble image of a region of the galaxy M100 shows a pulsating star called a Cepheid variable. 
The top three frames were taken (from left to right) on May 9, May 14, and May 31. They reveal  
that the star (in center of each box) changes brightness. Cepheids go through these changes 
rhythmically during the course of a few weeks. [Wendy L. Freedman, Observatories of the Carnegie 
Institution of Washington/NASA]

http://hubblesite.org/newscenter/archive/releases/1994/40/text/
http://hubblesite.org/newscenter/archive/releases/1994/40/text/
http://tinyurl.com/p2kkhpy
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The key with Hubble is that you can pull out an individual star and 
study it this way. The pulsing happens in a matter of weeks. The 
team studied many Cepheid variables in many galaxies. M100 is 
about 56 million light-years away, but the team went out more than 
100 million light-years with the galaxy NGC 4603. This gets very 
hard, because by the time you get to very distant galaxies you are 
pushing the limits of trying to discern star from star. 

By being able to gauge the distance of these galaxies, using the 
Cepheids as standard candles, and then measuring their velocity by 
looking at the Doppler shifts of light from these galaxies (which can 
often be done from the ground), you can make a chart — a Hubble 
diagram. The diagram plots the parameters for each galaxy, and 
you can come up 
with some sort of 
relationship. The 
illustration (right) is 
an early plot of that 
relationship for the 
Cepheid variables 
in this Key Project. 
The rate of expan-
sion for the entire 
universe can be 
discerned from this 
plot — if you can 
correlate the dis-
tances of galaxies 
with their appar-
ent recessional 
velocities, you can 
tell something 

about the expansion 
rate. The Key Project 
team deduced an 
expansion rate of the 
universe at that time, 
or Ho (the Hubble 
constant), of 72 ± 8 
kilometers/second/
megaparsec. 

This was a very 
important conclu-
sion. There had been 
passionate argu-
ments from different 
teams of extremely 
respected astronomers who argued for different numbers — and 
why they must be the case — that varied by a factor of two or more. 
Freedman’s result was profound and it did, as the title of this piece 
says, change the textbooks.

So if you know the expansion rate of the universe, can you wind 
the clock back and deduce how long it has been expanding? That is, 
what’s the expansion age of the universe? The Key Project team took 
their Hubble constant number and combined it with traditional cos-
mological models to derive an age of the universe between 9 and 12 
billion years. This caused a big problem, because in stellar astrophys-
ics, the idea was that the oldest stars in globular clusters must be 
about 15 billion years old. So the problem was that the oldest stars 
were older than the universe! And you can’t have that.

During the first decade of Hubble’s mission life, astrophysics was 
advancing and the acceleration of the universe was discovered. 
Therefore, the Key Project team could fold those new observations 

This is a [1999] plot of galaxy distance versus the velocity that the 
galaxy appears to be receding from Earth and is based on data col-
lected by the HST Key Project team. The slope in the plot measures 
the expansion rate of the universe, a quantity called the Hubble 
constant. The best fit to the data yields a Hubble constant of about 
70 km/sec/megaparsec. The dashed lines indicate Hubble constant 
values of 77 and 63 and do not fit the data as well. [NASA/ESA]
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into the type of cosmological model they were going to apply as 
they considered the expansion of the universe. They used a different 
cosmological model — we now call it the Lambda Cold Dark Matter 
universe. At the same time stellar astrophysicists had revised their 
understanding of the ages of the oldest stars. So we started to get 
a cohesive picture that the age of the universe is about 13 billion 
years. That is what the Key Project team, lead by Wendy Freedman, 
decided in their paper in 2001. This is, by the way, consistent not 
only with the revised ages of the oldest stars, but also the results of 
the WMAP and Planck mission findings.

Hubble’s Impact
Why has Hubble had such a litany of profound astrophysical suc-
cesses, even beyond the short summary I’ve provided? We’ve had 
many years since those early findings, and the reason Hubble could 
work at all is because we were able to service it and correct its 
vision. But we’ve been able to service it many times. These servicing 
missions all involved the space shuttle, and all involved important 
interactions with humans — the human spaceflight program. Each 
servicing mission provided the HST with new capabilities or repaired 
capabilities already on the observatory.

The final mission back in 2009 really put the telescope in fabulous 
condition. We now have a suite of instruments on Hubble that’s 
probably better and more powerful than ever before — and we’re 
accomplishing science as never before.

So it is this series of servicing missions that has kept the HST at the 
forefront of astrophysics for all of these years. But Hubble has not 
only impacted science for the past 25 years, it has also impacted cul-
ture around the world. So we see Hubble in everything from music, 
books, postage stamps, television, and all kinds of popular culture to 
even just casual conversation — everybody knows what “Hubble” is. 

And that’s a good thing, not just for the sake of Hubble but also for 
the sake of astrophysics and astronomy and the world’s understand-
ing of science and the beauty of the universe we live in. I think that 
speaks well for the mission and the many, many people who have 
worked on it for all these past 25 years. 

JENNIFER WISEMAN is a senior astrophysicist at the NASA Goddard Space Flight Center, where she 
serves as the Senior Project Scientist for the Hubble Space Telescope. This article is an adapted 
transcript of her press briefing at the 225th meeting of the American Astronomical Society in Seattle 
in January 2015.

http://tinyurl.com/445elr7
http://www.itp.kit.edu/~sahlmann/gr%2Bc_seminarII/pdfs/E2.pdf
http://tinyurl.com/3um92bm
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New Frontiers: 
 Hubble’s UnexpectedAccomplishments

A new telescope usually means unexpected 
discoveries, and the HST was no exception.

By Kenneth Sembach

The Hubble Space Telescope stands in the cargo bay 
of the Space Shuttle Atlantis following its capture on 
May 1, 2009, at the start of the fifth and final HST 
servicing mission. [NASA]
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There probably aren’t enough hours in the day to tell you what 
we’ve been surprised by with Hubble. So I’m going to give you 
a little bit of a whirlwind tour of the some of them. Hubble was 

designed to do a lot of different things, and many of the great things 
that it has done weren’t even envisioned at the time it was thought 
about — or launched. A good example of this is exoplanets; the first 
exoplanet wasn’t confirmed until 1992, after the Hubble launch. 

One of the early motivators was the Hubble constant. I think 
astronomers understood that it would be possible to determine the 
Hubble constant to 10%, which Wendy Freedman’s team did. I think 
if you had told people back when Hubble was launched that it might 
be possible to determine the Hubble constant to 1%, they might not 
have been as convinced. Today we know it to 3%, and we are work-
ing to make sure we get it to 1% — Adam Riess and his collaborators 
are doing that. And that was not even possible until the last servic-
ing mission, because we didn’t have the right instrumentation in 
place. In fact, at the last servicing mission, we didn’t even know that 
1% precision was even within the realm of possibility. 

The same comments could be made about all the different topics 
listed here (right) — whether it’s the ages of stars or black holes or 
dark energy or gamma ray bursts. Hubble has touched all areas of 
astronomy and made discoveries in all of them. I’m going to describe 
a couple of these areas that you may be familiar with, because they 
have been in the news a lot in the last few years. First, let’s talk about 
dark energy.

Dark Energy
Dark energy is a relatively obscure form of energy that pervades the 
universe. We know that it does, because we’ve been able to mea-
sure the expansion rate of the universe at different times. The key 
to doing that has been looking at distant supernovae — looking at 

their brightness as a function of redshift (their distance). 
Astronomers have used Hubble to identify distant supernovae. 

From looking at the spectrum of the supernovae, you know what 
kind of supernovae they are. If they’re Type 1a, which have a uniform 
mechanism for production and a uniform luminosity everywhere 
they go off, you can deduce the distance. You know the distance 
because you can measure how bright it is, and you know what the 
intrinsic brightness should be. If you know this, you know how far 
away it should be. You can compare that with how far away you 
think it should be from the various cosmological models, and what 
you find, at least for the more distant supernovae, is that they’re 
dimmer than you expected them to appear if the universe was 
expanding and slowing down with time. 

What the different groups — Saul Perlmutter’s group, Adam 
Riess’s group, and Brian Schmidt’s group, the teams that won the 
Nobel Prize in 2011 — studying the supernovae at the time [1998] 

A Brief List of Hubble’s Discoveries

• Source of gamma ray bursts
• The age of the universe
• Imaging and atmospheric analysis of exoplanets
• Dark energy and the universe’s expansion
• Star and planetary system formation
• Supermassive black holes
• Ages of stars beyond the Milky Way
• Gravitational lensing and dark matter
• The cosmic distance scale and Hubble constant
• Gas inside and outside galaxies
• Brightness of dying stars
• Origin and evolution of the solar system

http://tinyurl.com/odehv9a
http://www.nobelprize.org/nobel_prizes/physics/laureates/2011/
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realized was that the universe is expanding at an accelerating rate, 
not a decelerating rate. It did slow down with time for a while, but 
then it started to speed up. Here’s an analogy I’ve heard. Normally, 
if you throw a ball up in the air, the ball slows down, and eventually 
comes back. Instead, this is the equivalent of throwing a ball up in 
the air, and as it’s slowing down, somewhere along its path it sud-
denly speeds up and keeps going up. 

That would be rather unusual, and would be caused by a repul-
sive rather than an attractive force. That’s what you can think of with 
dark energy. It’s a repulsive force, not an attractive force, and it works 

against gravity. So dark energy is an obvious thing that we’re going 
to be looking at in the coming years with Hubble, and there are 
several programs designed to investigate the nature of dark energy, 
so stay tuned for that.

Proto-Planetary Disks
Another obvious unexpected discovery, that wasn’t so obvious at 
the time (though you have to ask why didn’t we expect to find these 
things), was debris disks — disks around other stars, the material 
out of which planets eventually form. Very early, right after Hubble 

These snapshots, taken by the HST, reveal five supernovae (exploding stars) and their host galaxies. The arrows in the top row of images point to the supernovae. The bottom row shows the host galaxies before 
or after the stars exploded, events that occurred between 3.5 and 10 billion years ago. [NASA/ESA/A. Riess (STScI)]
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was launched and 
ever before the repair 
mission, there were 
pictures of the Orion 
Nebula taken. And 
it was noticed that 
inside the nebula 
were these dark, little 
blobs, which eventu-
ally became known as 
proto-planetary disks 
or proplyds. That’s a 
word from the past; 
we don’t hear it too 
much any more 
because we now look 
at disks of all kinds. 

Proplyds are little 
dark areas inside 
the nebula, and it 
was soon realized 

that they are dust-embedded stars. And these stars had disk-like 
structures around them. There were only a few stars known (before 
Hubble’s launch) that had been observed, from the ground, to have 
disk-like material around them. Hubble’s observation completely 
changed the paradigm of planet and disk formation. 

Here was an active, star-forming region — turbulent, full of hot 
stars and lots of ultraviolet radiation, winds moving at millions of 
miles an hour — where there are very young stars, stars that might 
be only a million years old, with evidence of disks around them. 
That was completely unexpected. It’ll eventually be one of Hubble’s 

legacy accomplishments. 
Within the Orion Nebula there are lots of stars, gas, and little 

cocoons of gas. The bright stars are young, early-type stars that are 
putting out lots of ultraviolet radiation. The cocoons of gas are the 
initial stages of clouds that will eventually become planets, and they 
have tails on them. The tails are pointed away from the very bright, 
intense stars that are illuminating them — the cocoons are being 
ablated from the outside.

As well as being destroyed from the outside, the cocoons are 
being consumed by the star on the inside. As the material falls on 
to the star, it loses its angular momentum and a flattened disk is 
formed, sometimes with an accompanying bi-polar jet. This whole 
area of disks forming 
around extremely 
young stars was very 
much new, and very 
much Hubble.

Hubble has 
observed disks around 
all kinds of stars. Some 
recent examples are 
relatively devoid of 
gas and are basi-
cally just dust. This is 
starting to get into 
the regime of planet 
formation. There’s not 
a lot of gas left and it’s 
the dust that coagu-
lates over time and 
forms planets. 

This set of images from an HST survey of the architecture of debris 
systems around young stars shows an unexpected diversity and 
complexity in the structures. [NASA/ESA/G. Schneider (University 
of Arizona)/the HST/GO 12228 Team]

This Hubble image of the Orion Nebula, composited from a mosaic 
of 15 separate fields, covers an area of sky about five percent of 
the area covered by the full Moon. Inset: Close-ups of four of the 
proplyds found in the nebula. [Orion Nebula: NASA/C.R. O’Dell/S.K. 
Wong (Rice University). Proplyds: Mark McCaughrean (Max-Planck-
Institute for Astronomy)/C. Robert O’Dell (Rice University)/NASA.]

http://www.spacetelescope.org/news/heic0917/
http://tinyurl.com/mdbhh3f
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Extrasolar Planets
That brings us to our next topic. If you think of the discovery and 
study of disks, this naturally leads to the question: once you form 
those disks, are there actually planets inside them? The debris disk 
around Fomalhaut, about 25 light-years away, is a classic example 
that has been looked at by Hubble for several years. 

There is a debris ring around the star, and there is a little blob of 
some kind in the debris ring that is in a different location each time 
Hubble images the system. It moves along a path, and the conclu-
sion is that there is probably a planet inside that blob. Again, this is 
something we would not have expected when Hubble launched. 

I think one of the great accomplishments of Hubble is that it 
opened up a whole field of studying exoplanet atmospheres. In 
2002, David Charbonneau and collaborators showed that it is 
possible to measure the composition of a planetary atmosphere 
outside of our solar system. They did this using a technique called 
transit spectroscopy. 

The planet (of the star HD 209458) passes in front of (transits) 
the star as seen from 
Earth. The amount of 
light coming from the 
star dips every time the 
planet transits the star. 
This method is very 
powerful for determin-
ing the properties of 
exoplanets. In fact, 
much of what we know 
about exoplanets is a 
result of this particular 
technique. 

If you want to study the atmosphere, you can do the same thing. 
You measure the starlight, as it would be with just the star there, and 
compare it to the light when the planet is in front of the star. This time, 
instead of just taking a picture of it and measuring the total amount 
of light, you can break the light into its component colors and take a 
spectrum. In the case of the star HD 209458, astronomers looked at 
the neutral sodium lines and saw that the depth of the sodium lines 
changed as the planet passed in front. So that’s the sodium being 
absorbed by the planet’s atmosphere as it transits the star.

The same techniques are now being used to look for water; 
something we didn’t know was even viable five or six years ago. 
This is important, because it’s now possible to measure water on  

Additional sodium found in the spectroscopic data from the transit of HD 209548b shows evidence 
that the planet, with a diameter 1.3 times that of Jupiter, has an atmosphere. [Steven Beckwith/STScI]

This artist’s illustration shows the planet HD 209458b transit-
ing its star. Because it’s very close to its star, its atmosphere 
appears ‘puffed up.’[NASA/ESA/G. Bacon (STScI)]

http://tinyurl.com/qzlgdf9
http://tinyurl.com/qzlgdf9
http://tinyurl.com/msl9j29
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all different types of exoplanets with Hubble — on hot Jupiter-sized 
planets, and recently in an exo-Neptune atmosphere [HAT-P-11b]. 
This is a nice result because it shows that, at least in some cases, 
exo-Neptunes have clear enough skies that the light from the 
background star can pass through, and you can measure the water 
vapor content of the atmosphere.

Hubble’s Future
It’s important to note that the last servicing mission occurred 
five and a half years ago. The repaired instruments — the Space 
Telescope Imaging Spectrograph and the Advanced Camera for 
Surveys — have now operated longer on their repaired electronics 
than they did on their original electronics. That’s very encouraging, 
because it suggests that any “infant mortality” in those electronics is 
gone. It doesn’t mean they’re going to last forever, but it means that 
the kind of things that doomed those instruments early on probably 
won’t be the same types of things that get them later. 

The two new instruments that were installed — the Cosmic 
Origins Spectrograph and the Wide Field Camera 3 — are still oper-
ating on their first electronic side. They have redundant electronics.

Gyroscopes, which have been a capability-limiting factor for the 
observatory in the past, are not now a life-limiting factor for Hubble. 
We have five of six gyros working. We lost one last March [2014], 
which was expected. We now know how to control Hubble with only 
a single gyro. So we will operate on three gyros as long as possible, 
but once we get below three we’ll turn one off and operate on one 
gyro. We should easily be able to get into the early 2020s with the 
compliment of gyros that we have now. 

In 2013 NASA did a very extensive engineering study of the 
various subsystems and instrumentation on the observatory. The 
indication is that there is a very healthy probability of getting out 

to at least 2020. At the Goddard Spaceflight Center and the Space 
Telescope Science Institute, we’re conducting what we’re calling 
the 2020 Vision for Hubble, which is to make sure the observatory is 
ready to run for another five or six years and to get at least a year of 
overlap — if not more — with the James Web Space Telescope. We’re 
lucky that very proactive engineering has gone on during the last 
few years and continues to go on, to make sure that we’re operating 
the observatory safely and as effectively as we can. So we’re going to 
get to 2020! 

KENNETH SEMBACH is the Head of the Hubble Space Telescope Mission Office and overseas its 
scientific, operational, and managerial aspects. This article is an adapted transcript of his press 
briefing at the 225th meeting of the American Astronomical Society in Seattle in January 2015.

Astronaut Andrew Feustel, perched on the end of the robotic arm, helps to install the Wide Field 
Camera 3 (WFC3) onto Hubble during a May 14, 2009, spacewalk. [NASA]

http://tinyurl.com/nwweuxn
http://hubblesite.org/the_telescope/nuts_.and._bolts/instruments/stis/
http://hubblesite.org/the_telescope/nuts_.and._bolts/instruments/stis/
http://hubblesite.org/the_telescope/nuts_.and._bolts/instruments/acs/
http://hubblesite.org/the_telescope/nuts_.and._bolts/instruments/acs/
http://hubblesite.org/the_telescope/nuts_.and._bolts/instruments/cos/
http://hubblesite.org/the_telescope/nuts_.and._bolts/instruments/cos/
http://hubblesite.org/the_telescope/nuts_.and._bolts/instruments/wfc3/
http://tinyurl.com/ooqqcw6
http://www.stsci.edu/institute/stuc/oct-2014/hst2020.pdf
http://www.jwst.nasa.gov/
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The National Parks and the Milky Way 

We have lost sight of our home in the universe, 
except in our National Parks.

By Tyler Nordgren

The Milky Way slowly fades as dawn breaks at Chisos Mountains, 
Big Bend National Park. [Tyler Nordgren] 
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In 2005, I had a moment that changed my life. I had just received 
tenure, and I celebrated by going to a National Park. While I was 
there, I did what many park visitors do. I took in a Ranger program, 

which happened to be about astronomy. I thought well, that’s great 
— I’m an astronomer and I love astronomy. It was in an outdoor 
amphitheater under beautiful clear skies, and as it got dark that 
night, the stars came out — as did the Milky Way. 

As the Ranger spoke about all the amazing things that visitors can 
see in the National Parks, people began to ooh and aah. I realized 
that I was sitting there with 100 people who were probably seeing 
the Milky Way for the very first time. I had seen it at various obser-
vatories around the world, and so while it wasn’t exactly ‘old hat’ for 
me, it was something that I had, in fact, taken for granted. 

But in the parks, the public can actually see the sky the way every 
single human had seen the sky up until 100 years ago. And it was 
at this moment, at Yosemite National Park, that I realized you don’t 
have to be one of the lucky few born in the American southwest — 
with the desert in your backyard — to see the stars. They are always 
there, but you have to make an effort to find them. Many people do 
not. When I ask my students how many of them have ever seen the 
Milky Way, about three hands go up out of a class of 50.  

So it has come to this. The Milky Way is something you have to travel 
to see. You have to make that effort. But in the case of the National 
Parks, the night sky is something we still have, almost by accident.

This magnificent 360° panoramic image, covering the entire Milky Way, reveals the cosmic landscape 
that surrounds our tiny blue planet. [ESO/S. Brunier]
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Paying Attention to the Sky
We are about to celebrate the 100th anniversary of the National Park 
Service [in 2016]. By virtue of their protection of the natural wonders 
— the wildlife, the ecosystems, the geology — the Park Service has 
almost inadvertently preserved the sky overhead as well.

Astronomy is not new. This is not something that has come about 
just since the invention of the telescope. For as long as we have been 
human, we have gone out and been amazed at the sky. So it’s not 
unusual that, in places like Chaco Culture National Historical Park in 
New Mexico, you can find celestial alignments. Because if you were 
somebody living in a difficult environment where survival depended 
on understanding what was happening around you — when was 
the time to plant, when was the time to harvest, when did the rains 
come — you needed to pay attention to the sky. It was normal.

One evening I spent two hours sitting in a doorway in Chaco’s 
Casa Rinconada, part of a 1,000-year-old kiva. As I sat there in the 
darkness, hearing the sounds of elk wandering behind me (which, 

in this strange 
environment, 
I interpreted 
as the foot-
steps of the 
ancients), it 
was an awe-
inspiring 
experience. 
But I knew as I 
sat there that 
this was some-
thing people 
had been 

doing long before I ever arrived. It is part of the human condition. 
And there are celestial alignments here. Looking through the 

doorway and across to the other, giant T-shaped portal, I could see 
the one star that doesn’t move — the North Star — located directly 
above that doorway. So the main axis of this kiva is aligned with the 
rotation axis of Earth. 

When people hear that, they get this tingle. Now some folks will 
say that obviously it was the aliens that helped the ancients do this! 
But you don’t have to have aliens. It was simply humans paying 
attention to the world around them. Unfortunately, during the last 
100 years, we’ve made the night sky into something that is very easy 
to ignore, something you don’t have to pay attention to any more.

National Parks and the Night Sky
Fortunately, our National Parks are places where we can still go to 
experience the night sky. The parks realize this, and increasingly 
many of them have introduced night sky programs, festivals, and 
star parties — and encouraged amateur astronomers to bring their 
telescopes for public viewing. For instance, in the summer Yosemite 
National Park encourages amateur astronomy clubs to set up their 
scopes on Glacier Point, because people want to experience the sky. 
They want to see something they have never seen before.

This is new. When I first started working with the parks about 10 
years ago, I had a park superintendent ask me: “What does the night 
sky have to do with my park? It has nothing to do with it.” That is a 
sentiment I have rarely heard since — it is a sentiment that is dying 
out. Increasingly, more Superintendents and more Rangers realize 
that the sky above the horizon is just as important to a parks’ iden-
tity as the geology in the ground.

But there are problems. You can go to places like Arches National 
Park. It’s beautifully dark within the park, but the outside towns have 

A view across the great kiva of Casa Rinconada, with a large T-shaped portal 
visible on the opposite wall. [Source: Wikipedia/HJPD]
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lights that shine into the park all night long, every night of the year. 
No park is really an island of darkness — we are at the mercy of the 
communities around each one. 

When we visit National Parks such as Yosemite or the Grand 
Canyon, and we hike out on a trail to get away from the lodges and 
the parking lots, we like to fool ourselves into thinking that perhaps 
we’re one of the first people to ever visit this place. Perhaps this is 
what John Muir saw during his first visit to Yosemite in 1868, or what 
the first people who came over the land bridge between Alaska and 
Siberia (and wandered down to Arizona) saw when they found the 
Grand Canyon. But when the Sun sets and the sky grows dark, it’s 
very hard to fool ourselves into thinking that we are one of the first 
people to see this nighttime vista.

The parks have realized this, and so National Park Service Rangers 
Dan Duriscoe, Chad Moore, and the NPS Night Sky Team have gone 
into the parks to photograph the night sky to see where this light 
originates, both from within the parks and the surrounding areas. For 
instance, in Channel Islands National Park off the coast of Los Angeles 
— I teach at the University of Redlands outside of Los Angeles, so it’s 
more or less my sky — you can easily answer the age-old question of 
how many stars are there in the night sky. There are 12!

But at Natural Bridges National Monument in Utah, that question 
is a lot harder to answer. When you look at a mosaic of the entire 
night sky from Bridges, 
the brightest part of the 
sky is not light from some 
nearby town — it is the 
center of the Milky Way 
galaxy. Because of this, 
the International Dark-
Sky Association and the 
National Park Service 
declared Natural Bridges 
National Monument 
to be the world’s first 
International Dark-Sky 
Park back in 2007. 

This program of 
International Dark-
Sky Parks is an amaz-
ing success story. At 
Bridges I spoke to the 
Superintendent who said 
that people who would 

The Milky Way over the Grand Canyon. The glow of light on the horizon in the center of the image 
is Tuba City, Arizona, on the Navajo Reservation. The one to the left is likely Page, Arizona — the 
magenta color surrounding it is actually the northern lights! [Tyler Nordgren]

[Tyler Nordgren]

http://www.nature.nps.gov/night/


VOL. 44 NO. 2
SPRING 2015 35

TABLE OF CONTENTS

normally just drive up, look at the natural bridges, and then drive 
on, will now stop, spend the night, and see the sky. At night you can 
stand under the natural bridge itself, look up, and see that Milky Way 
overhead (see the image on the next page) and see the view that 
every single one of us could have — and should have — if only we 
were away from the lights.

Dark-Sky Parks
It’s important to talk about such a success story. When it comes to 
light pollution, we can easily get ourselves really depressed thinking 
about how bad things are today, how good it used to be, and what 
we’re losing. But there is a success story happening here. Thanks to 
the Night Sky Program, we’ll be able to monitor light pollution in the 
parks and figure out where the light sources are. 

Parashant International Night Sky Province in Arizona was the 
most recent park, declared just last year as part of the International 
Dark-Sky Places Program. In these Dark-Sky Parks, people can 
encounter the night sky. I’ve had parks that are applying for this 
designation contact me: “Can you draw us a poster for our park? We 
want people to know this is part of who we are and what we offer.”

As a result, there is a movement afoot to declare not just a dark-
sky park but a dark-sky region. The Colorado Plateau is comprised of 
numerous parks, national monuments, and communities. This giant 
dark-sky region of northern Arizona and southern Utah is an ideal 
spot where people can come not just to see the rock features or raft 
the Colorado River, but to experience the full range of what natural 
beauty is, both by day and by night. 

Lately I’ve been talking to river guides about this Dark-Sky 
Program. Park Rangers get visitors for maybe an hour a night — 
they’re on their way from Phoenix to Las Vegas and they stop at the 
Grand Canyon. River guides interact with visitors for up to two weeks 

— all night long. I had the pleasure of rafting the Grand Canyon last 
year with a group of river guides. I passed around night sky charts, 
but I didn’t have enough to give to all the guides working for all the 
companies out there. This is something they want to know about. 
The guides told me the three main questions they get on their river 
expeditions are: What’s that thing in the sky, what is the Milky Way, 
and what’s that bird? I can’t help with the birds, but I can help with 
the Milky Way.

This program is a success that the National Parks can take into the 
next century. Ever since 2007, every single Ranger in Grand Canyon 
National Park had to be able to give a Night Sky Interpretation 
program of one sort or another. Volunteers in the parks — retirees 
and amateur astronomers — bring out telescopes and help visitors 

This image of the US at night is a composite assembled from data acquired by the Suomi NPP satellite 
in April and October 2012. It reveals a number of dark-sky pockets that remain in the western half of 
the country. [NASA Earth Observatory/NOAA NGDC]
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understand the night sky. The National Parks Night Sky Program is 
finding ways to link these volunteers with parks that may not have 
a Ranger who is able to give night sky programs, or connect these 
folks to parks that have beautiful skies and want to offer these pro-
grams but have no way to do it.

Seeing Our Home in the Universe
Let me tie this into the international community. Go out and stand 
at the Grand Canyon overlook. Listen to the words you hear from all 
the visitors around you. By and large, they are not speaking English. 
You are hearing voices from all over the world, because this place is 
something special. There isn’t a Grand Canyon in Europe, nor is there 
the same dark night sky that we have at the Grand Canyon. 

As part of the 100th anniversary of the National Park Service, pro-
tecting starry skies has been designated as one of the top 100 goals 
for the next 100 years. This has come about thanks to the work of 
the National Park Service Night Sky Team and the Rangers who work 
with them.

What I’d like to leave you with is the concept of how the night sky 
fits into the idea of who we are and where we are. We travel to places 
like Grand Canyon or Natural Bridges or Yosemite because those 
places do not exist everywhere. So it’s natural to travel to them. But 
it’s unnatural to travel to see the Milky Way because it is everywhere 
— if only we could see it when we step outside.

If you’re someplace like Yosemite, and you stand there in the 
valley and see the Milky Way arching overhead, you are seeing our 
home in the universe. When you do this during the course of a year, 
and you see that glorious Milky Way of Sagittarius give way to the 
gossamer Milky Way of Taurus and Orion, you come to understand 
not only our place in the Milky Way galaxy, but also our place in a 
universe of 100 billion galaxies.

Eighty years ago the Parks Service launched a campaign to 
encourage people to go out and experience the beauty of our 
National Parks by day. We now have a campaign to encourage 
people to go out and see that same beauty by night. And during 
the next 100 years, perhaps we can push the light back and help 
preserve and protect the night sky and the Milky Way for future 
generations. 

TYLER NORDGREN is a Professor of Physics and Astronomy at the University of Redlands, California. 
Since 2005, he has worked with the US National Park Service to promote astronomy education in US 
National Parks, where the public still has a chance to see a natural nocturnal landscape that includes 
an unobstructed view of the universe. His National Park Service posters can be found for sale in many 
National Parks or at www.tylernordgren.com.

The Milky Way at Owachomo Bridge, Natural Bridges National Monument. [National Parks Service 
photo by Jacob W. Frank]

http://www.tylernordgren.com
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Hubble Source Catalog: One-Stop Shopping for 
Astronomers
Space Telescope Science Institute

Astronomers at the Space Telescope Science Institute and the Johns 
Hopkins University, both in Baltimore, Maryland, have created a new 
master catalog of astronomical objects called the Hubble Source 
Catalog. The catalog provides one-stop shopping for measurements 
of objects observed with NASA’s Hubble Space Telescope.

The Hubble Source Catalog is a database from which astronomers  
can obtain the Hubble measurements of specific astronomical 
objects they want to investigate. A query to this database can take 
just seconds or minutes, while previously it might have required a 
few months of hard work by searching separate files throughout the 
archive. This capability promises to open the door to exciting new 
areas of research with Hubble that otherwise might have been too 
cumbersome to tackle.

“The Hubble Source Catalog is arguably the Hubble Space 
Telescope’s ultimate legacy,” said astronomer Tamas Budávari of  
the Johns Hopkins University, a member of the Hubble Source 
Catalog development team. “Not only is it a one-stop shop, but 
it’s the first place to go. It’s the table of contents for, and the sum-
mary of, most Hubble observations. If a zillion investigators pointed 
Hubble in the same direction at their region of interest in different 

wavelengths, now we have taken all of those observations and 
put them together into a compilation of the measurements for all 
objects within that region.”

Hubble’s archive is a diverse collection of data from different 
instruments, exposure times, and orientations on the sky. This 
diversity greatly complicates the construction of the catalog. Users 
can access the Hubble Source Catalog primarily through the MAST 
Discovery Portal, which has been enhanced to support the Hubble 
Source Catalog project; more details are available here.

MORE INFORMATION

Excerpts from recent press releases that describe astronomical discoveries recently made by the HST.

astronomy in the news

[ESA/Hubble]

http://mast.stsci.edu
http://mast.stsci.edu
https://archive.stsci.edu/hst/hsc/
http://hubblesite.org/newscenter/archive/releases/2015/07/full/
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Hubble Observations Suggest Underground Ocean on 
Jupiter’s Largest Moon 
NASA/STScI

NASA’s Hubble Space Telescope has the best evidence yet for an 
underground saltwater ocean on Ganymede, Jupiter’s largest moon. 
The subterranean ocean is thought to have more water than all the 
water on Earth’s surface. Identifying liquid water is crucial in the 
search for habitable worlds beyond Earth and for the search for life 
as we know it.

“This discovery marks a significant milestone, highlighting what 
only Hubble can accomplish,” said John Grunsfeld, assistant adminis-
trator of NASA’s Science Mission Directorate at NASA Headquarters, 
Washington, D.C. “In its 25 years in orbit, Hubble has made many 
scientific discoveries in our own solar system. A deep ocean under 
the icy crust of Ganymede opens up further exciting possibilities for 
life beyond Earth.”

Ganymede is the largest moon in our solar system and the only 
moon with its own magnetic field. The magnetic field causes auro-
rae, which are ribbons of glowing, hot electrified gas, in regions 
circling the north and south poles of the moon. Because Ganymede 
is close to Jupiter, it is also embedded in Jupiter’s magnetic field. 
When Jupiter’s magnetic field changes, the aurorae on Ganymede 
also change, “rocking” back and forth.

By watching the rocking motion of the two aurorae, scientists 
 were able to determine that a large amount of saltwater exists 

below Ganymede’s 
crust, affecting its 
magnetic field.

If a saltwater 
ocean were pres-
ent, Jupiter’s mag-
netic field would 
create a secondary 
magnetic field in 
the ocean that 
would counter 
Jupiter’s field. This 
“magnetic friction” 
would suppress 
the rocking of the 
aurorae. This ocean 
fights Jupiter’s magnetic field so strongly that it reduces the rocking 
of the aurorae to 2 degrees, instead of 6 degrees if the ocean were 
not present. Scientists estimate the ocean is 60 miles (100 kilome-
ters) thick — 10 times deeper than Earth’s oceans — and is buried 
under a 95-mile (150-kilometer) crust of mostly ice.

The new observations were done in ultraviolet light and could 
only be accomplished with a space telescope high above Earth’s 
atmosphere, which blocks most ultraviolet light.

MORE INFORMATION

This artist’s concept shows Ganymede as it orbits the giant planet 
Jupiter. The HST observed aurorae on the moon that are controlled 
by Ganymede’s magnetic fields. Two auroral ovals can be seen over 
northern and southern mid-latitudes. [NASA/ESA/G. Bacon (STScI)]

astronomy in the news

http://hubblesite.org/newscenter/archive/releases/2015/09/full/
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March of the Moons
ESA/Hubble

There are four Galilean satellites — named after the 17th century 
scientist Galileo Galilei who discovered them. They complete orbits 
around Jupiter ranging from two to seventeen days in duration. The 
moons can commonly be seen transiting the face of Jupiter and 
casting shadows onto its layers of cloud. However, seeing three of 
them transiting the face of Jupiter at the same time is rare, occurring 
only once or twice a decade.

The ileft vertical pair of images shows the Hubble observation at 
the beginning of the event. On the left is the moon Callisto and on 
the right, Io. The shadows from Callisto, Io and Europa are strung out 
from left to right. Europa itself cannot be seen in the image.

The image pair on the right shows the end of the event, just over 
40 minutes later. Europa has entered the frame at lower left with 
slower-moving Callisto above and to the right of it. Meanwhile Io 
— which orbits significantly closer to Jupiter and so moves much 
more quickly — is approaching the eastern limb of the planet. Whilst 
Callisto’s shadow seems hardly to have moved, Io’s has set over the 
planet’s eastern edge and Europa’s has risen further in the west. 

The moons of Jupiter have very distinctive colors. The smooth 
icy surface of Europa is yellow-white, the volcanic sulfur surface of 
Io is orange and the surface of Callisto, which is one of the oldest 
and most cratered surfaces known in thes olar system, is a brownish 
color. 

MORE INFORMATION

These HST images capture a rare occurrence as three of Jupiter’s largest moons parade across the giant 
gas planet’s banded face. A time-lapse movie of the event is here. [NASA, ESA, Hubble Heritage Team]

http://www.spacetelescope.org/news/heic1504/
http://spacetelescope.org/videos/heic1504a/
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Hubble Gets Best View of a Circumstellar Debris Disk 
Distorted by a Planet
Space Telescope Science Institute

Astronomers have used NASA’s Hubble Space Telescope to take the 
most detailed picture to date of a large, edge-on, gas-and-dust disk 
encircling the 20-million-year-old star Beta Pictoris.

Beta Pictoris remains the only directly imaged debris disk that 
has a giant planet (discovered in 2009). Because the orbital period 
is comparatively short (estimated to be between 18 and 22 years), 
astronomers can see large motion in just a few years. This allows 
scientists to study how the Beta Pictoris disk is distorted by the  
presence of a massive planet embedded within the disk.

The new visible-light Hubble image traces the disk in closer to the 
star to within about 650 million miles of the star (which is inside the 
radius of Saturn’s orbit about the Sun).

“Some computer simulations predicted a complicated structure 
for the inner disk due to the gravitational pull by the short-period 
giant planet. The new images reveal the inner disk and confirm the 
predicted structures. This finding validates models, which will help 
us to deduce the presence of other exoplanets in other disks,” said 
Daniel Apai of the University of Arizona. The gas-giant planet in the 
Beta Pictoris system was directly imaged in infrared light by the 
European Southern Observatory’s Very Large Telescope six years ago.

When comparing the latest Hubble images to Hubble images 
taken in 1997, astronomers find that the disk’s dust distribution has 

barely changed over 15 years, despite the fact that the entire disk 
is orbiting the star like a carousel. This means the disk’s structure is 
smoothly continuous in the direction of its rotation on the timescale, 
roughly, of the accompanying planet’s orbital period.

In 1984 Beta Pictoris was the very first star discovered to host a 
bright disk of light-scattering circumstellar dust and debris. Ever 
since then Beta Pictoris has been an object of intensive scrutiny with 
Hubble and with ground-based telescopes. Hubble spectroscopic 
observations in 1991 found evidence for extrasolar comets frequently 
falling into the star.

MORE INFORMATION

The photo at the bottom is the most detailed picture to date of a large, edge-on, gas-and-dust disk 
encircling the 20-million-year-old star Beta Pictoris. When comparing the latest images to Hubble 
images taken in 1997 (top), astronomers find that the disk’s dust distribution has barely changed 
over 15 years. [NASA/ESA/D. Apai and G. Schneider (University of Arizona)]

http://tinyurl.com/qzwej9x
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Hubble Sees Cloudy Super-Worlds with Chance for 
More Clouds
Space Telescope Science Institute

Scientists using NASA’s HST have characterized the atmospheres of 
two of the most common type of planets in the Milky Way galaxy and 
found both may be blanketed with clouds. The planets are GJ 436b, 
located 36 light-years from Earth, and GJ 1214b, 40 light-years away. 
Despite numerous efforts, the nature of the atmospheres surround-
ing these planets had eluded definitive characterization until now.

The two planets fall in the middle range in mass, between smaller, 
rockier planets such as Earth and larger gas giants such as Jupiter.  
GJ 436b is categorized as a “warm Neptune,” because it is much 
closer to its star than frigid Neptune is to the Sun. GJ 1214b is known 
as a “super-Earth” because of its size. 

Both GJ 436b and GJ 1214b can be observed transiting, or pass-
ing in front of, their parent stars. This provides an opportunity to 
study these planets in more detail as starlight filters through their 
atmospheres.

One of the papers presents an atmospheric study of GJ 436b 
based on such transit observations with Hubble, led by Heather 
Knutson of the California Institute of Technology in Pasadena, Calif. 
The Hubble spectra were featureless and revealed no chemical  
fingerprints whatsoever in GJ 436b’s atmosphere.

“Either this planet has a high cloud layer obscuring the view, or 
it has a cloud-free atmosphere that is deficient in hydrogen, which 

would make it very unlike Neptune,” said Knutson. “Instead of 
hydrogen, it could have relatively large amounts of heavier mol-
ecules such as water vapor, carbon monoxide, and carbon dioxide, 
which would compress the atmosphere and make it hard for us to 
detect any chemical signatures.”

Observations similar to those obtained for GJ 436b had been 
obtained previously for GJ 1214b. The first spectra of this planet also 
were featureless, but indicated GJ 1214b’s atmosphere was domi-
nated by water vapor or hydrogen, with high-altitude clouds.

MORE INFORMATION

This illustration compares the sizes of exoplanets GJ 436b and GJ 1214b with Earth and Neptune. These 
so-called super-Earths have masses between gas giants, like Neptune, and smaller, rocky planets, like 
Earth. No such type of planet exists in our solar system. [NASA/ESA/A. Feild and G. Bacon (STScI)]

http://tinyurl.com/n8uqscf
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Our Sun Came Late to the Milky Way’s Star-Birth Party
Space Telescope Science Institute

In one of the most comprehensive multi-observatory galaxy surveys 
yet, astronomers find that galaxies like our Milky Way underwent a 
stellar “baby boom,” churning out stars at a prodigious rate, about 
30 times faster than today. Our Sun, however, is a late “boomer.” The 
Milky Way’s star-birthing frenzy peaked 10 billion years ago, but our 
Sun was late for the party, not forming until roughly 5 billion years 
ago. By that time the star formation rate in our galaxy had plunged 
to a trickle.

Astronomers don’t have baby pictures of our Milky Way’s forma-
tive years to trace the history of stellar growth. Instead, they com-
piled the story from studying galaxies similar in mass to our Milky 
Way, found in deep surveys of the universe. The farther into the 
universe astronomers look, the further back in time they are seeing, 
because starlight from long ago is just arriving at Earth now. From 
those surveys, stretching back in time more than 10 billion years, 
researchers assembled an album of images containing nearly 2,000 
snapshots of Milky Way-like galaxies.

The new census provides the most complete picture yet of how 
galaxies like the Milky Way grew over the past 10 billion years 
into today’s majestic spiral galaxies. The multi-wavelength study 
spans ultraviolet to far-infrared light, combining observations 
from NASA’s Hubble and Spitzer space telescopes, the European 
Space Agency’s Herschel Space Observatory, and ground-based 

telescopes, including the Magellan Baada Telescope at the Las 
Campanas Observatory in Chile.

The new analysis reinforces earlier research that showed Milky 
Way-like galaxies began as small clumps of stars. The diminutive 
galaxies built themselves up by swallowing large amounts of gas 
that ignited a firestorm of star birth.

MORE INFORMATION

This illustration depicts a view of the night sky from a hypothetical planet within the youthful Milky 
Way galaxy 10 billion years ago. Glowing pink clouds of hydrogen gas harbor countless newborn stars, 
and the bluish-white hue of young star clusters litter the landscape. The star-birth rate is 30 times 
higher than it is in our galaxy today. Our Sun, however, is not among these fledgling stars. [NASA/ESA]

http://hubblesite.org/newscenter/archive/releases/2015/11/full/
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Hubble Finds Phantom Objects Near Dead Quasars
Space Telescope Science Institute

NASA’s HST has photographed a set of wispy, goblin-green objects 
that are the ephemeral ghosts of quasars that flickered to life and 
then faded. The glowing structures have looping, helical, and 
braided shapes. “They don’t fit a single pattern,” said Bill Keel of the 
University of Alabama, Tuscaloosa, who initiated the Hubble survey. 
Keel believes the features offer insights into the puzzling behavior of 
galaxies with energetic cores.

The ethereal wisps outside the host galaxy are believed to have 
been illuminated by powerful ultraviolet radiation from a super-
massive black hole at the core of the host galaxy. The most active 
of these galaxy cores are called quasars, where infalling material 
is heated to a point where a brilliant searchlight shines into deep 
space. The beam is produced by a disk of glowing, superheated gas 
encircling the black hole.

“However, the quasars are not bright enough now to account for 
what we’re seeing; this is a record of something that happened in 
the past,” Keel said. “The glowing filaments are telling us that the 
quasars were once emitting more energy, or they are changing very 
rapidly, which they were not supposed to do.”

Keel said that one possible explanation is that pairs of co-orbiting 
black holes are powering the quasars, and this could change their 
brightness, like using the dimmer switch on a chandelier.

The green filaments are believed to be long tails of gas pulled 

apart like taffy under gravitational forces resulting from a merger 
of two galaxies. Rather than being blasted out of the quasar’s black 
hole, these immense structures, tens of thousands of light-years 
long, are slowly orbiting their host galaxy long after the merger  
was completed.

“We see these twisting dust lanes connecting to the gas, and 
there’s a mathematical model for how that material wraps around in 
the galaxy,” Keel said. Potentially, you can say we’re seeing it 1.5 bil-
lion years after a smaller gas-rich galaxy fell into a bigger galaxy.”

MORE INFORMATION

These HST images reveal bizarre greenish, looping, spiral, and braided shapes around eight active 
galaxies. These huge knots of dust and gas appear greenish because they are glowing predominately 
in light from photo-ionized oxygen atoms. [NASA/ESA/W. Keel (University of Alabama, Tuscaloosa)]

http://tinyurl.com/lsfp27k
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Death of Giant Galaxies Spreads From the Core
ESA/Hubble

Astronomers have shown for the first time how star formation in 
“dead” galaxies sputtered out billions of years ago. The NASA/ESA 
Hubble Space Telescope and ESO’s Very Large Telescope (VLT) have 
revealed that three billion years after the Big Bang, these galaxies 
still made stars on their outskirts, but no longer in their interiors. The 
quenching of star formation seems to have started in the cores of 
the galaxies and then spread to the outer parts. 

A major astrophysical mystery has centred on how the mas-
sive, quiescent elliptical galaxies, common in the modern universe, 
quenched their once furious rates of star formation. Such colossal 
galaxies, often also called spheroids because of their shape, typi-
cally pack in stars 10 times as densely in the central regions as in our 
home galaxy, the Milky Way, and have about 10 times its mass.

Astronomers refer to these big galaxies as red and dead as they 
exhibit an ample abundance of ancient red stars, but lack young 
blue stars and show no evidence of new star formation. The esti-
mated ages of the red stars suggest that their host galaxies ceased 
to make new stars about ten billion years ago. This shutdown began 
right at the peak of star formation in the universe, when many galax-
ies were still giving birth to stars at a pace about twenty times faster 
than nowadays.

“Massive dead spheroids contain about half of all the stars that the 
universe has produced during its entire life,” said Sandro Tacchella 

of ETH Zurich in Switzerland, lead author of the article. “We cannot 
claim to understand how the universe evolved and became as we see 
it today unless we understand how these galaxies come to be.” 

Tacchella and colleagues observed a total of 22 galaxies, span-
ning a range of masses, from an era about three billion years after 
the Big Bang.

MORE INFORMATION

This HST image shows an elliptical galaxy known as IC 2006. Massive elliptical galaxies like these are 
common in the modern universe, but how they quenched their once furious rates of star formation is 
unknown. [ESA/Hubble & NASA]

http://www.spacetelescope.org/news/heic1508/
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An Explosive Quartet
ESA/Hubble

Whilst looking closely at a massive elliptical galaxy and its associated 
galaxy cluster MACS J1149+2223 — whose light took more than 
five billion years to reach us — astronomers have spotted a strange 
and rare sight. The huge mass of the galaxy and the cluster is bend-
ing the light from a much more distant supernova behind them and 
creating four separate images of it. The light has been magnified and 
distorted due to gravitational lensing and as a result the images are 
arranged around the elliptical galaxy in a formation known as an 
Einstein cross.

“It really threw me for a loop when I spotted the four images sur-
rounding the galaxy — it was a complete surprise,” said Patrick Kelly 
of the University of California Berkeley, a member of the Grism Lens 
Amplified Survey from Space (GLASS) collaboration and lead author 
on the supernova discovery paper. He discovered the supernova 
during a routine search of the GLASS team’s data, finding what the 
GLASS group and the Frontier Fields Supernova team have been 
searching for since 2013. The teams are now working together to 
analyze the images of the supernova, whose light took more than 
 nine billion years to reach us.

“The supernova appears about 20 times brighter than its natural 
brightness,” explains the paper’s co-author Jens Hjorth from the Dark 
Cosmology Centre, Denmark. “This is due to the combined effects 
of two overlapping lenses. The massive galaxy cluster focuses the 

supernova light 
along at least 
three separate 
paths, and then 
when one of 
those light paths 
happens to be 
precisely aligned 
with a single 
elliptical galaxy 
within the cluster, 
a secondary lens-
ing effect occurs.”

The dark mat-
ter associated 
with the ellipti-
cal galaxy bends 
and refocuses 
the light into 
four more paths, generating the rare Einstein cross pattern the team 
observed. This unique observation will help astronomers refine their 
estimates of the amount and distribution of dark matter in the lens-
ing galaxy and cluster.

MORE INFORMATION

This image shows the galaxy cluster MACS J1149+2223. The huge mass 
of the cluster, and one of the galaxies within it, is bending the light 
from a supernova behind them and creating four separate images of it. 
The light has been magnified and distorted due to gravitational lensing 
and as a result the images are arranged around the elliptical galaxy in a 
formation known as an Einstein cross. A close-up of the Einstein cross is 
shown in the inset. [NASA/ESA]

http://www.spacetelescope.org/news/heic1505/
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Astronomers Find Dust in the Early Universe
Niels Bohr Institute

Dust plays an extremely important role in the universe — both in 
the formation of planets and new stars. But dust was not there from 
the beginning and the earliest galaxies had no dust, only gas. Now 
an international team of astronomers, led by researchers from the 
Niels Bohr Institute, has discovered a dust-filled galaxy from the very 
early universe. The discovery demonstrates that galaxies were very 
quickly enriched with dust particles containing elements such as 
carbon and oxygen, which could form planets.

Cosmic dust is smoke-like particles made up of either carbon 
(fine soot) or silicates (fine sand). The dust is comprised primarily of 
elements such as carbon, silicon, magnesium, iron, and oxygen. The 
elements are synthesized by the nuclear combustion process in stars 
and driven out into space when the star dies and explodes.

In space, they gather in clouds of dust and gas, which form new 
stars, and for each generation of new stars, more elements are 
formed. This is a slow process and in the very earliest galaxies in the 
history of the universe, dust had not yet formed.

But now a team of researchers has discovered a very distant 
galaxy that contains a large amount of dust, changing astronomers’ 
previous calculations of how quickly the dust was formed.

“It is the first time dust has been discovered in one of the most 
distant galaxies ever observed — only 700 million years after the 
Big Bang. It is a galaxy of modest size and yet it is already full of 

dust. This is very surprising and it tells us that ordinary galaxies were 
enriched with heavier elements far faster than expected,” explains 
Darach Watson, an astrophysicist with the Dark Cosmology Centre at 
the Niels Bohr Institute at the University of Copenhagen.

MORE INFORMATION

This image, taken by the Hubble Space Telescope, shows a part of the galaxy cluster, Abell 1689, 
whose gravitational field amplifies the distant galaxy behind it. The distant dust-filled galaxy is 
shown in the box. [Hubble Space Telescope]

http://tinyurl.com/oyale62
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asp tidings

NEW MEMBERS  —  The ASP welcomes new members who joined between  
January 1 and March 31, 2015.

General Membership
Eric Becklin, Lancaster, CA 
Gary L. Carter, Fairview, TX 
Dave Cuomo, Seattle, WA
Ronald Dantowitz, Brookline, MA 
Ana V. Dodgen, Pullman, WA 
Steven Dupree, San Francisco, CA 
David G. Elliott, La Canada Flnt, CA 
Roy Greer, Huntington Beach, CA 
Robert B. Hanson, Santa Cruz, CA 
Cinndy K. Hart, San Francisco, CA 
Tucker Hiatt, Corte Madera, CA 94925
Jack T. Howard, Matthews, NC 
Kirsten Maynard, San Francisco, CA 
Blaine J. McCoy, Mount Vernon, WA 
Christopher Purcell, La Quinta, CA 
Frank E. Shackelford, Petaluma, CA 

Student Members
Jon Bessler, Bentonville, AR 
Thomas Bohn, Aptos, CA 
Jim F. Caffey, Springfield, MO

Technical Members
Alan H. Batten, Victoria BC, Canada
John R. Bither, Parker, CO 
Melvin Blake, Florence, AL 
Daniel A. Briotta, Ithaca, NY 
Robert C. Harney, Salinas, CA 
Annette S. S. Lee, Foreston, MN 56330
Bryan W. Miller, Tucson, AZ 85719
Joseph M. Mills, Alvin, TX 77511
Daniel Paliganoff, Carmel, IN 

Family Members
Bernard J. Arghiere, Asheville, NC 
Noelle Salmi, San Francisco, CA 

Supporter’s Circle
Robert T. O’Dell, Huntington Beach, CA 

legacy giving 
Astronomy compels the soul to look upwards and leads us from 

this world to another
— Plato

Leave a universal legacy...

Astronomy shows us that we are part of something much greater than 
ourselves, and that our actions on Earth have a lasting impact. A legacy 
gift to the ASP as part of your estate plan reflects this understanding, 

and will support future generations as they reach for the stars.

astrosociety.org/donate

AstroShop
www.astrosociety.org

All proceeds from product sales support the mission  
and education programs of the ASP

Books, Posters, Slide Sets Family ASTRO Games ASP Conference Series

HELP EVERYONE REACH FOR THE STARS!

http://astrosociety.org/get-involved/donate-to-the-asp/
http://astrosociety.org/astroshop
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by Paul Deans

sky sights

The Skies of May
Keep an eye on Jupiter and Venus during the next two months. 
Week by week, you’ll see them draw closer together in the sunset 
sky until they almost merge at the end of next month. At the start of 
May, Jupiter is about 55° from Venus. By June 1, that separation has 
shrunk to 20°.

With the above as preamble, look to the west after sunset this 
month. There you’ll find Venus well above the horizon. It remains 
visible late into the evening, setting some 3.5 hours after the Sun. 
On the 21st, the 4-day-old crescent Moon rests to the left of this 
brilliant planet. 

Meanwhile, dimmer Mercury is putting on its best show this  
year in the evening sky, though it will be difficult to spot. Look to 
the far lower right of Venus about an hour after sunset during the 
first half of the month. At this time it will be about 10° (the width  
of a fist held at arm’s length) above the west-northwest horizon — 
it’ll be highest on the 15th. On the 19th, as Mercury sinks farther 
into the sunset glow each evening, the Moon passes near, but not 
that close — the little planet is some 15° to the lower right of the 
2-day-old Moon.

Mars is still hanging around in the west after sunset but just 
barely. In fact, it’s pretty much lost in the sunset glow.

Appearing high in the southwest at sunset is giant Jupiter, setting 
between six and four hours after the Sun. If you haven’t explored 

Jupiter lately with binoculars or a telescope, now is the time to do it 
before this giant world nears the Sun and the solar glare gets in the 
way. The nearly first quarter Moon is directly below Jupiter just after 
sunset on the 23rd.

Saturn is up in the southeast by the time darkness falls. It’s nicely 
place for viewing all night long. That’s because it’s at opposition on 
the 22nd (which means it rises as the Sun sets and sets at sunrise — 
it’s exactly opposite the Sun in the sky). On the 4th, look for Saturn 
rising in the southeast just beneath the nearly full Moon.

The Skies of June
This month, the western sky features the two brightest planets, 
Jupiter and Venus, in a lovely celestial dance. On the 1st brilliant 
Venus is high in the west after sunset, setting some 3 hours after 
the Sun. Greatest elongation — its greatest separation from the Sun 
— occurs on the 6th. About 20° (the height of two fists, one above 
the other, held at arm’s length) to the planet’s upper left is slightly 
dimmer Jupiter. By mid-month, the gap has been cut in half. 

On the 19th the crescent Moon hangs below Venus; the next 
evening it’s to the lower left of Jupiter; both evenings offer fine 
opportunities for astrophotography. By the 25th there’s only 3° of 
separation between the two planets, 2° on the 28th, 1° on the 29th, 
and finally, at closest approach on the 30th, they’re separated by 
roughly 1/3°. Both planets will fit easily in the field of view of a small 
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telescope — it promises to be a 
spectacular sight.

You’ll have plenty of time 
each evening to admire all this 
— both Jupiter and Venus set 
about 2½ hours after the Sun. 
Next month you can watch the 
sequence in reverse, as Jupiter 
slides sunward, and away from 
Venus, each evening.

On the other side of the 
evening sky, Saturn rises after 
sunset and is visible all night. 
It’s a great time to dig out your 
telescope, look at Venus and 
Jupiter in the west, and then 
turn to the east for a view of the 
ringed planet. You might want 
to wait a few days into June 
before examining Saturn — on 
the first, Saturn rises with the 
nearly full Moon to its lower left. 
On the 28th, the not-quite-full 
Moon again sits to Saturn’s left.

As for Mars and Mercury, 
they’re lost in the solar glare 

this month, though you might glimpse Mercury very, very low in 
the east-northeast about 30 minutes before sunrise. Binoculars will 
likely help, and the 24th might be your best morning. 

Finally, the Solstice occurs at 12:38 pm Eastern Time (9:38 am 
Pacific Time) on June 21 — summer officially begins in the Northern 
Hemisphere (and winter in the Southern).

The Skies of July
Make sure you get out and enjoy the sunset sight of Venus and 
Jupiter at the start of the month, because by month’s end, they’re 
gone from the dusk sky.

As the month opens, brilliant Venus and slightly dimmer Jupiter 
are less than 1° apart. Both set more than two hours after the Sun. 
And on the 10th, Venus is at its greatest brilliance — magnitude -4.5. 
It will be a beacon of light in the west.

During the month, everything changes rapidly. Jupiter slowly 
pulls away from Venus and sinks into the sunset glow. But the sepa-
ration is slow, because Venus is also starting to slide sunward. In fact, 
by the time the 3-day-old crescent Moon sits 1° to the lower left of 
Venus on the 18th, Jupiter is only 6° to Venus’ right. The three worlds 
will be only 10° above the horizon 30 minutes after sunset, and all 
now set about 90 minutes after the Sun.

From this point until month’s end, Venus and Jupiter sink sun-
ward together while remaining about 6° apart. By the end of the 
month, Venus has vanished from the dusk sky and Jupiter is almost 
impossible to see, sitting very low in the west just after sunset. 

sky sights

Venus (right) and Jupiter under the Pleiades 
on March 13, 2012. The two planets are 3° 
apart. [Source: Wikipedia/JulianColton]
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Indeed, at the end of July four planets — Venus, Jupiter, Mars, and 
Mercury, are difficult or impossible to spot because they’re hidden 
by the solar glow.

The fifth naked-eye planet, Saturn, continues to be nicely placed 
for viewing. It’s high in the south at sunset and sets around 1:00 am. 
Can you spot Titan, Saturn’s largest moon? It’s bright enough to see 
in a small telescope if you know where to look. On the 25th, the 
Moon is to the upper right of this giant ringed world.

Although not something that’s observable, mark your calendar for 
July 14. That’s the day the New Horizons spacecraft flies past Pluto. 
There won’t be a deluge of images at that time — it will take months 
to download all the data from the flyby. But there should be many 
great views and numerous surprises in the photos that we do see 
almost immediately.

Plentiful Perseids
Looking ahead, save the date and plan to be away from city lights 
on the night of August 12/13 (Wednesday night/Thursday morning). 
That’s the peak evening for the Perseid meteor shower. The Moon 
will be two days from new, so moonlight will not interfere with the 
upwards of 60 meteors per hour that should grace the mid-August 
sky. The “shooting stars” will appear to come from (radiate from) a 
point in the northeast below the “W” of Cassiopeia. This means you 
will see more meteors when the radiant is higher, which means  
after midnight. 

sky sights

Star Charts

If you’d like a star chart to help you explore the naked-eye night 
sky, you have several options: purchase a star wheel (planisphere) 
or planetarium software, download a PDF showing the sky this 
month, find an online star chart, or locate an app for your tablet or 
smart phone
PDF Star Charts. Skymaps produces a well-done chart that goes 
beyond a mere monthly star chart. It includes a list of monthly 
highlights and observable celestial objects. The downside: each 
month is available only at the very end of the previous month. 
Another nice star chart is available from Orion Telescopes and 
Binoculars; you can download it one month in advance. If you’d like 
simple star charts that don’t show the planets, a set of 12 is avail-
able from the Canada Science and Technology Museum.
Online Star Charts. Sky View Café gives you control over the 
chart’s date, time, and location, plus a few other options. But the 
chart names only a few bright stars, doesn’t identify the constella-
tions, and the printout of the resulting chart is poor. The star chart 
created on the Tau Astronomy Club website offers fewer options 
but a better printout. But it lists no star names and the stars are 
color coded based on their spectral type.
Apps For Tablets and Smart Phones. SkySafari 4 ($2.99 for the 
basic version; available for iPhone, iPad, and iPod touch; now avail-
able for Android) is a very well done star chart app and is the one I 
use consistently. The Sky HD by Software Bisque is one of the most 
popular planetarium programs out there, and is now available for 
the iPad and iPhone. If ASP stargazers have a favorite night sky app, 
regardless of the device, I’d like to hear about it.

— P.D.

http://pluto.jhuapl.edu
http://www.astrosociety.org/products-page/special-order/the-miller-planisphere-most-of-the-continental-u-s-special-order-item/
http://astronomy-software-review.toptenreviews.com
http://www.skymaps.com/downloads.html
http://tinyurl.com/bqxn363
http://tinyurl.com/bqxn363
http://cstmuseum.techno-science.ca/en/education/star-charts-activity-templates.php
http://www.skyviewcafe.com/skyview.php
http://astroclub.tau.ac.il/skymaps/monthly
http://www.southernstars.com/products/skysafari
http://www.bisque.com/sc/
http://tinyurl.com/nfqol4l
http://tinyurl.com/pxtx7sd
mailto:editor%40astrosociety.org


VOL. 44 NO. 2
SPRING 2015 51

TABLE OF CONTENTS

reflections
Space Telescope Science Institute

Hubble Ultra Deep Field

The 2014 Hubble Ultra Deep Field image is a composite of separate exposures 
taken from 2002 to 2012 with Hubble’s Advanced Camera for Surveys and Wide 
Field Camera 3. Astronomers have combined the full range of colors available 

to Hubble, stretching all the way from ultraviolet to near-infrared light. The resulting 
image of a tiny section of space contains approximately 10,000 galaxies, extending 
back in time to within a few hundred million years of the Big Bang. Details about this 
image are available here. [NASA/ESA/STScI]

http://tinyurl.com/mkm893q
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