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Report from the Officers  
The new semester is here and 
we return to our usual schedule 
of public observing and month-
ly meetings with a Sept. meet-
ing featuring a documentary 
film  (68 min) from 2010 on the 
last shuttle mission to keep the 
Hubble Space Telescope oper-
ational. As shown in the photo 
at left, our own Steve Hawley 

flew the original launch of HST, one of 5 missions he flew. The necessity of a repair 
mission was relatively apparent almost immediately due to the problems with the mir-
ror, but the success of that flight led to later repairs and instrumentation replacement 
flights, a critical factor in keeping HST performing optimally over more than 2 dec-
ades. However, as a result of the Columbia accident, plans to upgrade HST again 
were initially cancelled. The documentary planned for the first meeting focuses on 
how the public outcry in response to that decision impacted the shuttle program, HST, 
and the future of space-based astronomy.   

Our second public observing session will be Sunday, Sept. 27, starting at 8:30 PM. If 

(Continued on page 2) 
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 Massive Black Hole 
Outgrows Its Galaxy 
 
Astronomers have spot-
ted a super-sized black 
hole in the early universe 
that grew much faster 
than its host galaxy. The 
discovery runs counter to 
most observations about 
black holes, which are 
massive areas of space 
with extraordinarily strong 
gravity that can pull in anything -- even light. In most cases, black holes and their 
host galaxies expand at the same rate. This particular black hole formed in the early 
universe, roughly two billion years after the Big Bang. An international research 
group made the discovery during a project to map the growth of supermassive black 
holes across cosmic time. The team included astronomers from Yale University, ETH 
Zurich, the Max-Planck Institute in Germany, Harvard University, the University of 
Hawaii, INAF-Osservatorio Astronomico di Roma, and Oxford University. 
 
"Our survey was designed to observe the average objects, not the exotic ones," said 
C. Megan Urry, Yale's Israel Munson Professor of Astrophysics and co-author of a 
study about the phenomenon in the journal Science. "This project specifically target-
ed moderate black holes that inhabit typical galaxies today. It was quite a shock to 
see such a ginormous black hole in such a deep field." 

(Continued on page 2) 
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About the Astronomy Associates of Lawrence  

The club is open to all people interested in sharing their love for astronomy. Monthly meetings are typically on the second F riday 
of each month and often feature guest speakers, presentations by club members, and a chance to exchange amateur astronomy 
tips. Approximately the last Sunday of each month we have an open house at the Prairie Park Nature Center. Periodic star parties 
are scheduled as well. For more information, please contact the club officers: president, Rick Heschmeyer at rcjbm@sbcglobal.net; 

webmaster, Howard Edin, at howard@howardedin.com; AlCor William Winkler, at   

billwink10@yahoo.com; or faculty advisor, Prof. Bruce Twarog at btwarog@ku.edu. Because of the flexibility of the schedule due 
to holidays and alternate events, it is always best to check the Web site for the exact Fridays and Sundays when events are sched-

uled. The information about AAL can be found at   
 http://www.physics.ku.edu/AAL/  

Copies of the Celestial Mechanic  can also be found on the web at                                                                          
  http://www.physics.ku.edu/AAL/newsletter  

Deep-field surveys are intended to look at faint galaxies; they point at small areas of the sky for a longer period of time, meaning 
the total volume of space being sampled is relatively small. This particular black hole, located in the galaxy CID-947, is among 
the most massive black holes ever found. It measures nearly 7 billion solar masses (a solar mass is equivalent to the mass of 
our Sun). 
However, it was the mass of the surrounding galaxy that most surprised the research team. "The measurements correspond to 
the mass of a typical galaxy," said lead author Benny Trakhtenbrot, a researcher at ETH Zurich's Institute for Astronomy. "We 
therefore have a gigantic black hole within a normal-size galaxy." 
Most galaxies, including our own Milky Way, have a black hole at their center, holding millions to billions of solar masses. Not 
only does the new study challenge previous notions about the way host galaxies grow in relation to black holes, it also challeng-
es earlier suggestions that the radiation emitted by expanding black holes curtails the creation of stars. 
Stars were still forming in CID-947, the researchers said, and the galaxy could continue to grow. They said CID-947 could be a 
precursor of the most extreme, massive systems observed in today's local universe, such as the galaxy NGC 1277 in the Per-
seus constellation, 220 million light years from the Milky Way. But if so, they said, the growth of the black hole still greatly antici-
pated the growth of the surrounding galaxy, contrary to what astronomers thought previously. 
Urry and her colleagues credited the W.M. Keck Observatory in Hawaii and the Chandra COSMOS legacy survey in aiding the 
team's work. "The sensitivity and versatility of Keck's new infrared spectrometer, MOSFIRE, was critical to this discovery," Urry 
said. 

(Continued from page 1) 

you plan on coming by with a telescope, let Rick know so we can be sure that someone is actually there every scheduled ses-
sion. 

Speaking of telescopes, weôve received a request from a local couple who have obtained a pair of telescopes from a neighbor in 
an estate sale. The scopes came with a shed, but the owners have virtually no experience with telescopes, amateur or other-
wise, and would like some advice and/or help with making them operational again. A portion of their email follows:ò we have 
come into possession of a relatively large telescope. It has two tubes, one 4 ft long, the other probably twice as long. I think they 
are both 11 1/2 inches in diameter (from outside to outside). The longer one is presently sitting on a rotating, adjustable base, 
which we attempted, but have not removed the tube from the base, as it was not immediately easy to do. We wanted to wait until 

we were sure of what we were doing. The two tubes are of course interchangeable on the base. Χ We have lots of different eye-
pieces, an item that looks like an aperture for a camera, and some other items, we don't know what they are. We are just starting 
to research how to restore our telescope. The telescope, and it's base, needs a lot of work, but we believe ourselves up to the 
challenge.ò  
If you are interested or know someone who might like to help move this project forward, send me an email 
(btwarog@ku.edu) and Iôll provide you with the contact info. 

Normally in October, we would  schedule the Webelo astronomy night for the 2nd Friday of the month. Due to a change in the 
local administration of scouting, that event wonôt be possible this semester. We are, as always, looking for options for public edu-
cation and expanding the profile of the club so, if you have any ideas along these lines, please join us in two weeks for a discus-
sion at the next meeting. 

This monthôs issue is specialðfor the first time, all the science articles (NASA SPACE PLACE excluded) in the newsletter are 
linked to a common theme: black holes.  Theyôve been getting a lot of press lately, both from a theory standpoint, i.e. Stephen 
Hawking, and from an observational standpoint. Since they represent the most exotic objects people associate with astronomy, 
you will hopefully find it both entertaining and informative. See you in 2 weeks.  

Any suggestions for improving the club or the newsletter are always welcome. 

(Continued from page 1) 

http://www.physics.ku.edu/AAL
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NASA's Hubble Finds Supernovae in 'Wrong Place at Wrong Time' 

Scientists have been fascinated by a series of 
unusual exploding stars-outcasts beyond the 
typical cozy confines of their galaxies. A new 
analysis of 13 supernovae ð including archived 
data from NASA's Hubble Space Telescope ð 
is helping astronomers explain how some young 
stars exploded sooner than expected, hurling 
them to a lonely place far from their host galax-
ies. 

It's a complicated mystery of double-star sys-
tems, merging galaxies, and twin black holes 
that began in 2000 when the first such superno-
va was discovered, according to study leader 

Ryan Foley, University of Illinois at Urbana-Champaign. "This story has taken lots of twists and turns, and I was 
surprised every step of the way," he said. "We knew these stars had to be far from the source of their explosion as 
supernovae and wanted to find out how they arrived at their current homes." 

Foley thought that the doomed stars had somehow migrated to their final resting spots. To prove his idea, he stud-
ied data from the Lick Observatory in California and the W. M. Keck Observatory and the Subaru Telescope, both 
in Hawaii, to determine how fast the stars were traveling. To his surprise, he discovered that the doomed stars 
were zipping along at about the same speed as stars that have been tossed out of our Milky Way galaxy by its 

central supermassive black hole, at more than 5 million 
miles (7 million kilometers) an hour. The astronomer then 
turned his attention to the aging galaxies in the area of the 
speeding supernovae. Studying Hubble archival images, he 
confirmed that many are massive elliptical galaxies that 
were merging or had recently merged with other galaxies. 
The lanes are the shredded remnants of a cannibalized gal-
axy. Other observations provided circumstantial evidence 
for such encounters, showing that the cores of many of 
these galaxies had active supermassive black holes fueled 
by the collision. Many of the galaxies also reside in dense 
environments at the heart of galaxy clusters, a prime area 
for mergers. The telltale clue was strong dust lanes piercing 
through the centers of several of them. The location of the 
supernovae in relation to ancient galaxies indicates that the 
original stars must have been old, too, Foley reasoned. And 
if the stars were old, then they must have had companions 
with them that provided enough material to trigger a super-
nova blast. 

How does a double-star system escape the boundaries of a 
galaxy? 

Foley hypothesizes that a pair of supermassive black holes 
in the merging galaxies can provide the gravitational sling-
shot to rocket the binary stars into intergalactic space. Hub-
ble observations reveal that nearly every galaxy has a mas-
sive black hole at its center. According to Foley's scenario, 
after two galaxies merge, their black holes migrate to the 
center of the new galaxy, each with a trailing a cluster of 
stars. As the black holes dance around each other, slowly 
getting closer, one of the binary stars in the black holes' 
entourage may wander too close to the other black hole. 
Many of these stars will be flung far away, and those ejected 
stars in surviving binary systems will orbit even closer after 
the encounter, which speeds up the merger. 

"With a single black hole, occasionally a star will wander too 
close to it and have an extreme interaction," Foley said. 

(Continued on page 10) 

This illustration offers a plausible scenario for how 
vagabond stars exploded as supernovae outside the 
cozy confines of galaxies. 1) A pair of black holes 
comes together during a galaxy merger, dragging 
with them up to a million stars each. 2) A double-star 
system wanders too close to the two black holes. 3) 
The black holes then gravitationally catapult the 
stars out of the galaxy. At the same time, the stars 
are brought closer together. 4) After getting booted 
out of the galaxy, the binary stars move even closer 
together as orbital energy is carried away from the 
duo in the form of gravitational waves. 5) Eventually, 
the stars get close enough that one of them is ripped 
apart by tidal forces. 6) As material from the dead 
star is quickly dumped onto the surviving star, a su-
pernova occurs. 
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Solar Wind Createsðand Whipsða 

Magnetic Tail Around Earth 

By Ethan Siegel 

 

As Earth spins on its axis, our planet's interior spins as well. Deep inside our world, Earth's metal-rich core produces 
a magnetic field that spans the entire globe, with the magnetic poles offset only slightly from our rotational axis. If 
you fly up to great distances, well above Earth's surface, you'll find that this magnetic web, called the magneto-
sphere, is no longer spherical. It not only bends away from the direction of the sun at high altitudes, but it exhibits 
some very strange features, all thanks to the effects of our parent star. 

The sun isn't just the primary source of light and heat for our world; it also emits an intense stream of charged parti-
cles, the solar wind, and has its own intense magnetic field that extends much farther into space than our own 
planet's does. The solar wind travels fast, making the 150 million km (93 million mile) journey to our world in around 

three days, and is greatly affected by Earth. Under normal circumstances, our world's magnetic field acts like a 
shield for these particles, bending them out of the way of our planet and protecting plant and animal life from this 
harmful radiation. 

But for every action, there's an equal and opposite reaction: as our magnetosphere bends the solar wind's ions, 
these particles also distort our magnetosphere, creating a long magnetotail that not only flattens and narrows, but 
whips back-and-forth in the onrushing solar wind. The particles are so diffuse that collisions between them practical-
ly never occur, but the electromagnetic interactions create waves in Earth's magnetosphere, which grow in magni-
tude and then transfer energy to other particles. The charged particles travel within the magnetic field toward both 
poles, and when they hit the ionosphere region of Earthôs upper atmosphere, they collide with ions of oxygen and 
nitrogen causing aurora. Missions such as the European Space Agency and NASA Cluster mission have just led to 
the first accurate model and understanding of equatorial magnetosonic waves, one such example of the interactions 
that cause Earth's magnetotail to whip around in the wind like so. 

The shape of Earth's magnetic field not only affects aurorae, but can also impact satellite electronics. Understanding 
its shape and how the magnetosphere interacts with the solar wind can also lead to more accurate predictions of 
energetic electrons in near-Earth space that can disrupt our technological infrastructure. As our knowledge increas-
es, we may someday be able to reach one of the holy grails of connecting heliophysics to Earth: forecasting and 
accurately predicting space weather and its effects. Thanks to the Cluster Inner Magnetosphere Campaign, Van 
Allen Probes, Mars Odyssey Thermal Emission Imaging System, Magnetospheric Multiscale, and Heliophysics Sys-
tem Observatory missions, we're closer to this than ever before. 

Kids can learn about how solar wind defines the edges of our solar system at NASA Space Place. http://
spaceplace.nasa.gov/interstellar  

Image credit: ESA / C. T. Russell (L), of Earth's magnetic tail and its cause: the solar wind; Southwest Research 
Institute / IBEX Science Team (R), of the first image of the plasma sheet and plasmasphere created around Earth by 
the solar wind. 

http://spaceplace.nasa.gov/interstellar
http://spaceplace.nasa.gov/interstellar
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 Is Hawking any closer to solving the puzzle of black holes? 

Geraint Lewis 

Stephen Hawking said something! And again the international media is all a'buzz. The physics community is a little 
more muted, but after hearing the pronouncements of the famous theoretical physicist, of supertranslations and 
horizons, like those listening to Douglas Adams's Deep Thought, you might be wonder what the actual questions 
is. 

We don't have to go far as a little over a year ago I wrote about Hawking's previous proposed solution to the same 
problem, namely the paradox of information and black holes. 

All about the information 

As a quick reminder, the core issue is the apparent forgetfulness of black holes. Black holes can swallow anything 
that comes too close, squashing all matter into the apparently point-like singularity on the way. Only a few proper-
ties of the infalling material are remembered, imprinted on the black hole's gravitational field, namely the mass, the 
charge and the angular momentum. All other properties appear to be promptly forgotten; neglecting spin and 
charge, all black holes of the same mass are identical, whether they were built of collapsing stars or from an im-
mense number of tennis balls. 

This "no hair" of black holes, telling us that they can only remember the mass, spin and charge of infalling objects, 
has been known for half a century. But as I noted previously, the other pillar of modern science, quantum mechan-
ics cares deeply about information, and to lose information is not simply careless, it downright forbidden. And 
somehow black holes should remember the quantum details of all the material that ever fell in. 

This is especially important given Hawking's key insight into black holes, namely that they can evaporate, leaking 
a feeble radiation due to quantum mechanical interactions in their vicinity. This featureless radiation robs the black 
holes of mass, diminishing its gravitational field until it vanishes in a final puff.  

But after it has completely evaporate, where did all that quantum information go? The potential solutions and 
counter solutions to this have given us the black hole wars, were key researchers have argued about different 
ways that information could escape. 

Hawking's latest pronouncement is the next salvo in the war, changing his view that the information is somehow 
stored and is eventually released when the black hole in the final stage of evaporation. The new solution involves 
supertranslations, something that I have yet to get my head properly around. But it seems to rely on the well-
known fact that an "image" of infalling matter seems to get imprinted onto the "surface" of a black hole. 

Eternal ghosts 

A quick explanation. Imagine you drop a green iguana into a black hole (no iguanas were hurt during the writing of 
this article). Initially, as you watch, you see the iguana happily wriggling about as it falls. But as it gets closer, the 
light reaching your eyes has had to struggle out of the ever increasing gravitational field, and this struggle has 
robbed the light of some energy, and the iguana starts to change color, from green to red. Due to the effects of 
relativity, the strong gravitational field also influences clock rates, and the iguana's wriggling slows. 

As it continues to fall, the effects of relativity grow, and eventually it crosses a point of no return, the Event Hori-
zon, and any light from the iguana is also destined to head towards the black hole center. But just before it 
crossed the Event Horizon, there was the last light from the iguana's skin. This light is heading outwards at the 
speed of light, but is held in place by the immense gravity. This last light remains as a final image of the infalling 
iguana, an iguana that no longer exists. 

There's the information, sort of 

Back to Hawking! It seems that such images can be treated as records of all of the things that fell in, a record of 
their quantum information (I am waving my hands a little as I type this). And this information gets encoded into the 
radiation leaking from the black hole, steadily carrying it away as it evaporates. The process, however, seems to 
scramble the radiation, making it effectively useless (meaning an awful lot of detective work is required to piece 
together the details of what actually fell in). The information is seemingly saved and lost at the same time! Paradox 
solved. 

Is this the last shot in the Black Hole wars? I seriously doubt it. This is an idea, one of many, that has been pro-
posed, and a paper detailing the actual process has yet to appear. 

When it does, it will be digested by the community of researchers working in this seemingly esoteric corner of 
physics, and arguments and counterarguments are likely to fly. There will be talks at conferences, discussions 
over coffee, and arguments in corridors, the usual way that science proceeds. 

But the general public is unlikely to hear anything until we have our next "Hawking says something" storyΦ 
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RGG 118: Oxymoronic Black Hole Provides Clues to Growth 

Astronomers using NASA's Chandra X-ray Obser-
vatory and the 6.5-meter Clay Telescope in Chile 
have identified the smallest supermassive black 
hole ever detected in the center of a galaxy. This 
oxymoronic object could provide clues to how 
much larger black holes formed along with their 
host galaxies 13 billion years or more in the past. 

Astronomers estimate this supermassive black 
hole is about 50,000 times the mass of the Sun. 
This is less than half the previous lowest mass for 
a black hole at the center of a galaxy. 

The tiny heavyweight black hole is located in the 
center of a dwarf disk galaxy, called RGG 118, 
about 340 million light years from Earth. Our 
graphic shows a Sloan Digital Sky Survey image 
of RGG 118 and the inset shows a Chandra image 
of the galaxy's center. The X-ray point source is 
produced by hot gas swirling around the black 
hole. 

Researchers estimated the mass of the black hole 
by studying the motion of cool gas near the center 
of the galaxy using visible light data from the Clay 
Telescope. They used the Chandra data to figure 
out the brightness in X-rays of hot gas swirling 
toward the black hole. They found that the outward push of radiation pressure of this hot gas is about 1% of the 
black hole's inward pull of gravity, matching the properties of other supermassive black holes. 

Previously, a relationship has been noted between the mass of supermassive black holes and the range of veloci-
ties of stars in the center of their host galaxy. This rela-
tionship also holds for RGG 118 and its black hole. 

The black hole in RGG 118 is nearly 100 times less mas-
sive than the supermassive black hole found in the center 
of the Milky Way. It is also about 200,000 times less mas-
sive than the heaviest black holes found in the centers of 
other galaxies. 

Astronomers are trying to understand the formation of 
billion-solar-mass black holes that have been detected 
from less than a billion years after the Big Bang. The 
black hole in RGG 118 gives astronomers an opportunity 
to study a nearby small supermassive black hole in lieu of 
the first generation of black holes that are undetectable 
with current technology. 

Astronomers think that supermassive black holes may 
form when a large cloud of gas, weighing about 10,000 to 
100,000 times that of the Sun, collapses into a black hole. 
Many of these black hole seeds then merge to form much 
larger supermassive black holes. Alternately, a super-
massive black hole seed could come from a giant star, 
about 100 times the Sun's mass, that ultimately forms into 
a black hole after it runs out of fuel and collapses. 
Researchers will continue to look for other supermassive 
black holes that are comparable in size or even smaller 
than the one in RGG 118 to help choose between the two 
options mentioned above and refine their understanding 
of how these objects grow. 

Artist's Illustration of Black Hole 

http://chandra.si.edu/photo/2015/rgg118/more.html

