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Dear Merlin, 

I notice that, when visible, the 
Moon sets at a different point on 
the horizon every day. Why does 
this happen? 

Paul M. Webber 

Colorado Springs 

The short answer: geometry.  
Since that may not fully il

luminate the situation, Mer
lin also will provide a longer 
answer: the geometry of the 
Moon and the ecliptic.  

The Moon aligns closely with 
the ecliptic, which is the Sun's 
path across the sky. This path 
follows a different arc at differ
ent times of day and year. Dur
ing summer, for example, it arcs 
high overhead during the day 
but low across the south (from 
the northern hemisphere, of 
course) at night; during winter, 
it's just the opposite.  

As the hours roll by, the point 
where the ecliptic intersects the 
horizon also changes. Since the 
sunset time varies little from 
day to day, that intersection 
changes little from one day to 
the next, so it takes a while to 
notice a difference in the sunset 
point. The Moon, however, sets 
an average of about 48 min
utes later each day, so the in
tersection between the horizon 
and the ecliptic shifts a good 
bit from moonset to moonset.  
Sharp-eyed skywatchers can 
easily detect that shift by com
paring the moonset point to 
landmarks on the horizon.  

This back-and-forth swing 
along the horizon is more pro-
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nounced at higher latitudes, 
where the changing angle 
of the ecliptic is more exag
gerated. From Seattle, for ex
ample, th- moonset point can 
vary by almost 75 degrees 
roughly one-fifth of the way 
around the horizon while 
from Miami the difference is 
less than 55 degrees.  

One more factor plays a role 
in that range. The Moon's orbit 
is tilted a )it with respect to the 
ecliptic, so at times the Moon sets 
a little outside the point where 
the ecliptic intersects the hori
zon. That means the moonset 
range is actually a few degrees 
wider than the sunset range.  

Dear Merlin, 
Has there been discussion 

about using a low-level flying 
drone in lieu of a rover when

we explore other planets? I un
derstand there are several chal
lenges: atmospheric conditions, 
ability for horizontal landing/ 
takeoff, controlling flight, etc.  

Worcester Bong 
Prescott Valley, Arizona 

Absolutely. A few years ago, 
in fact, engineers designed 
a drone to fly above Mars. It 
would enter the planet's at
mosphere folded up inside a 
protective capsule, then deploy 
well before the capsule hit the 
ground, spending several days 
buzzing across the Martian 
landscape and beaming real
time video to Earth. It was not 
designed to land and take off 
again, however.  

About the same time, other 
engineers did a preliminary 
study for a more advanced 
craft to spend months or years 
cruising through the dense at
mosphere of Jupiter. It would 
use a nuclear generator to heat 
compressed hydrogen scooped 
from the atmosphere and expel 
it through a jet engine.  

A drone would have to be 
custom-designed for each plan-
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et to account for different at

mospheric density, composition, 
temperature, and other factors, 
as well as differing power and 
communications requirements.  

Alas, no winged explor
ers are in any of the current 

plans of NASA or the world's 
other space agencies. For the 
forseeable future, the only way 
to wing through alien skies is 
with a good imagination.  

Dear Merlin, 
Why does the Moon look larger 

when it is near the horizon, but 
smaller when it is high overhead? 
With a larger area of illumina
tion of moonlight reaching Earth, 
shouldn't we expect to have at 
least an impression of a larger 
Moon when it is on the horizon? 

Chad Pierskalla 
Morgantown, West Virginia 

The "Moon Illusion" is one 
of those pesky little problems 
that is tough to solve. Scientists 
have been studying it for cen
turies without hitting on a fully 
accepted explanation.  

However, most experts say 
it's a psychological effect.  
When you see the Moon near 
the horizon you can compare 
it to buildings, trees, or other 

everyday objects, which makes 
it look large by comparison.  
When the Moon stands high 
in the sky, though, there are 
no other objects with which to 

compare it, so it seems smaller.  
There's no difference in the 

area of the lunar surface that's 
illuminated when the Moon is 
high in the sky versus when 
it is low on the horizon. In 
fact, less moonlight probably 
reaches your eye when the 
Moon is low in the sky because 
the moonlight shines through 
a thicker layer of air, which 
absorbs more light than when 
the Moon stands high.
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SWILL CONTES 1 
' Weather McDonald Of Sound 

at for Austin and ' 

Mrnd ad When He Made 
partly cloudy to M n l 

Observatory Gift 
. FIVE CENTS 

-= IAs.eesl~t e "~~s Diapsiea is stes"Ms.) 
PARIS. Sept. 1l.-W. J~.M Donaid, who left a large fund to the Ujit 

tersity of Texas or an Astronomical observatory was mentally able t4 
make a valid will a Jufly In the LAmar county court detlded todayA.  

The jury deliberated an hour and a half. Attorneys for McDa3a 
relatives who had contested the will, charging testimentary lsea e 

announced an appeal will be takeS 
- immediately.  

The trial has bee n aner way fOe 

la unced a series of events 

Chatrla Woul d era d.e 

ddcatr rn ot MCDonald 
Observatory 75 years ago
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T he headlines sound decidedly 
modern: Political turmoil in 

Europe, political fights be
tween the Texas governor and 

legislature, "difficult problems" 
for Texas Longhorn football coaches, and a 
big lawsuit over the will of an eccentric mil
lionaire.  

Yet the details belie the age of those head
lines, which appeared in the Austin evening 
newspaper of September 11, 1926. Europe 
was rocked by an attempt to assassinate 
Italian dictator Benito Mussolini, the Texas 
governor was Miriam "Ma" Ferguson, and 
the head football coach was Edward James 
"Doc" Stewart. And the millionaire was 
banker William Johnson McDonald of Paris, 
Texas, who stirred some nieces and nephews 
to claim he was of unsound mind when he 

bequeathed the bulk of his estate - more 
than $1 million - to the University of Texas 
to establish an astronomical observatory.  

Despite the import of the other events for 
the world, the state, and Longhorn football 
fans, the lawsuit received top billing. "Uni
versity Wins $1,160,000 Will Contest," the 
banner headline blared, with a subhead pro
claiming, "McDonald Of Sound Mind When 
He Made Observatory Gift." The jury in the 
case ruled that McDonald was sane and his 
bequest should stand. In other words, study
ing the stars wasn't such a crazy idea.  

Even so, the effort to establish McDonald's 

longed-for observatory was filled with ideas 
that were, if not crazy, then at least a bit 

crazy sounding for the time. Some of them 
made it possible to build and operate the 
observatory years if not decades earlier than 
otherwise would have been the case. Other 
ideas, which would have limited the new ob
servatory's future research capabilities, failed 
to catch on.  

Crazy or cunning, successes or flops, these 
ideas and the people behind them perk up 
the tale of McDonald Observatory's birth, 
mixing soap opera with science, politics 
with engineering, innovation with tradi
tion. They culminated with the observatory's 
dedication on May 5, 1939 - a grand cel
ebration that combined Old World precision 
with West Texas bravado.

McDONALD OBSERVATORY PHOTOS
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he tale begins with a surprise: 

the bequest from William J.  
McDonald.  

In the early 20th century, govern

ment provided little money for sci

entific research, so rich men funded 

many (if not most) large scientific 

enterprises. The 100-inch telescope 

at Mount Wilson, California, which 

was the largest in the world when it 
was completed in 1917, was paid for 

primarily by John D. Hooker, who 
made his fortune in the hardware and 

oil businesses.  

Most of these benefactors were well

known philanthropists who endowed 
a variety of good works. McDon

ald, however, was little known out

side his home county. He supported 

local causes but not ostentatiously, 
and his modest ways masked his for

tune. So when University of Texas 

officials learned of his bequest, they 

were unprepared. "No one expected 

it," says Observatory Superintendent 

Tom Barnes. "The University had no 

astronomy program at the time, so it 
was quite a surprise." 

McDonald was born in Paris, near 

the northern border of the Republic 
of Texas, in 1844. (According to 

one biography, a twin died at birth.) 
In 1860, he entered a small college 

in North Texas, paid for in part by 

cotton and slave labor from the fam- sp 

ily farm. His studies were interrupted i 

by the Civil War, when McDonald, a 

described by a biographer as "a big, b 
red-headed, serious-minded country m 
boy of eighteen years," enlisted in the o 

Confederate army. He saw only minor te 

action, though, and returned to his 

studies at the war's end. h 
McDonald took up law, and soon U 

demonstrated a penchant for business. o 

He loaned money and speculated in a 

county bonds. That led him to es- st 

tablish banks in three Texas towns, as 

including Paris. They flourished, yet 

McDonald lived simply. He lived in su 
rented rooms and remained single, si

ending his money on travel and an 

impressive library. And he developed 
n interest in science - especially 

otany, which he studied during sum
er school at Harvard, and astron

my, which he pursued with a small 
lescope.  
When McDonald died in early 1926, 

e left the bulk of his estate to the 

niversity of Texas "for the purpose 

f aiding in erecting and equipping 

r astronomical observatory ... for the 

udy and promotion of the study of 

s-ronomical science." 

Two nieces and a nephew found 

ch a bequest sheer lunacy, and filed 
lit to block i-, charging that McDon-
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ald was of "unsound mind" when he 
wrote his will.  

Testimony established that Mc
Donald had once told his barber that 
someday science would develop a 
telescope big enough to "see the gold
paved streets of New Jerusalem" - a 
joke, said his friends, but signs of a 

deranged mind to the plaintiffs.  
Anticipating such an attack, UT 

administrator Harry Y. Benedict 
himself an astronomer - had asked 
the directors of several observatories 
to write letters supporting the uni
versity. The Texas lawyers didn't use 
the letters, though, instead relying on 
McDonald acquaintances to testify
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that he seemed competent. McDon

ald's lawyer, for example, said that 

the observatory bequest had appeared 

in several earlier wills, and there was 

no evidence his client was deranged 
when he prepared any of them.  

The jury agreed with the univer

sity, but the verdict was overturned 

on appeal. A second trial, in 1929, 
brought a bigger witness list and big

ger legal talent, including the Texas 

attorney general, who represented the 

university. This time, though, the jury 

couldn't reach a verdict, so the case 

was scheduled for a third trial.  
With legal bills mounting, the 

two sides settled out of court in late 

1929. McDonald's relatives received 
$250,000, with the remainder 

about $850,000 (the equivalent of 

more than $14 million today) - to 

establish the observatory.  

f William J. McDonald was the 
father of McDonald Observatory, 
then Otto Struve was the midwife 

who delivered it.  
A fourth-generation astronomer 

who was born in Russia, Struve had 

fought on the Turkish front during 

World War I, then fled his native 

country after the Bolshevik revolu

tion. He spent more than a year as a 

refugee in Turkey, working odd jobs 

and living in a tent. In 1921, however, 
he was offered a job with the Univer

sity of Chicago's Yerkes Observatory, 
which he eagerly accepted. In 1932 

he became head of both Yerkes and 
the Chicago astronomy department, 
which he ruled with an autocratic 

style for the next 15 years.  

Struve was aware that Texas had a 

problem. Although it now owned a 

fat endowment to build an observa
tory, it had no one to actually use it.  
Benedict, who became UT president 
in 1927, was the only astronomer on 

campus. And after the stock market 
crash of 1929, which came at about 
the same time as the lawsuit settle-

ment, there was little hope of the 
university finding money to build 
an astronomy department. So the 

bequest was invested in hopes that it 

someday would accrue enough inter
est to finance both an observatory and 
a staff to operate it.  

Struve had the opposite problem.  

Chicago had amassed an accomplished 

astronomy faculty and research staff 

but offered limited research facilities.  
The largest telescope at Yerkes was 

a 40-inch refractor, which already 
was outclassed by several reflecting 

telescopes. Even worse, the Yerkes 

site, on the edge of Lake Geneva in 

Wisconsin, was at a low elevation, 
beneath murky, often cloudy skies.  
Struve wanted a bigger telescope at 

a high elevation to provide a better 

look at the universe.  

So Struve proposed an unprecedent

ed scientific alliance: Texas would build 
McDonald Observatory with a world
class reflecting telescope, and Chicago 

would provide the astronomers and pay 

most of the operating costs.  

Such alliances are common today.  
In 1932, however, such a collabora

tion was unheard of - big observato

ries were operated by individual uni
versities, with figurative if not literal 
"Posted" signs to keep out the rest of 

the scientific world.  

Yet the University of Texas quickly 
accepted Struve's proposal, figuring 

that the arrangement would allow it 

to build the observatory and begin to 
build an astronomy program around 
it many years earlier than planned.  
Texas and Chicago signed a 30-year 

deal in 1932, with Struve appointed 

as the first director of the now-official 
McDonald Observatory.  

William J. McDonald's be
quest had barely hit the 
headlines before Texas lo

calities began offering sites for the 
new observatory. Austin, for example, 
proffered no less than eight spots

around the city, including several on 

stubby hills that today are some of the 

most expensive real estate in Texas.  

"There were folks in Austin who 

thought Mount Bonnell or Cat Moun

tain or some other place located next 

to Austin would be the right place," 

says Barnes. "Fortunately, they didn't 

choose that, because if they had, this 
facility would now be a museum" 

blocked out of the research business 

by bright city lights and the clouds 
and high humidity that frequently 
blanket Central Texas.  

Some of the Chicago astronomers 

thought the desert climate of Ari

zona or New Mexico offered better 

conditions. In fact, Struve dispatched 

a team to examine several possible 

sites in Texas and other states in early 
1932. The idea of an out-of-state 

location was DOA, though: Texas 

might accept an alliance to operate its 

new observatory, but it had to be built 

in the Lone Star State.  

Struve accepted that political real
ity and sent a second search team to 
scope out sites in West Texas. Riding 

in a maroon van with "McDonald 

Observatory" emblazoned on its sides, 
the team sought a tall mountain with 

clear, steady skies, easy accessibility, 
and access to power and water. And 

the prospect of donated land wouldn't 

hurt, either.  

The searchers carried small tele

scopes to assess the quality of the 
night sky at each location. "These 

tests showed decided advantages in 

the region of the Davis Mountains," 

Struve wrote a few years later, "and 
further observations, carried out over 
a period of over a year, were limited 

to the region near the town of Fort 

Davis." 

Not surprisingly, the people of Fort 

Davis were pleased by the attention.  

Before the Depression, the small 
village had built a tourism business to 

complement the ranching economy, 
as people escaped the heat of Dallas

STARDATE 7



and Houston for the cool summc 

evenings in the mountains. The De 

pression, however, had taken its tol 

The state was building a new "scenic 

highway through the mountains t 
help lure more visitors, but the pros 

pect of the publicity - and jobs 
the observatory would bring perke 

up local attention.  

Struve visited in November, spend 

ing several nights checking out th 

candidate summits. He settled on 

mountain on the U-Up-and-Dow: 

ranch. At an elevation of 6,791 fee 

the mountain's broad top provided

Tled entrance to the 82-inch Telescope dome 
shows cardinal directions, constellation figures 

JOIN THE CELEBRATION 
Several special events are scheduled 
to celebrate the observatory's anniver
sary. The latest schedule is online at 
mcdonaldobservatory.org.  
MAY 1, AUSTIN 
Exhibit of McDonald artifacts at the 
Bullock Texas History Museum 

MAY 1, DALLAS 
A talk by a McDonald astronomer and 
other activities at the Perot Museum of 
Nature and Science 
MAY 2, PARIS, TEXAS 
David Lambert, director of McDonald 
Observatory since 2003, will talk in the 
hometown of William J. McDonald

r good platform for the new telescope.  

Even better, it was free. The site's 

1. owner, Violet Locke Mclvor, agreed 

" to donate it to the university, while 

o the owners of the Fowlkes ranch do

nated an adjacent peak. The two 

mountains were named Mount Locke 

d and Mount Fowlkes in their honor.  

- y the time Struve annointed 

e Mount Locke as the home for 

athe new McDonald Observato

n ry, the University of Texas had already 

t, signed a contract with Warner and 

a Swasey of Cleveland to build the tele

scope and its dome. The company of

fered an odd combination of products: 

machine tools, which provided most 

of its profits, and telescopes, which 

were a passion of its founders. (In 

fact, the company would lose about 

$100,000 on the McDonald project.) 
By the 1930s it had produced an im
pressive list of telescopes, including 

the 40-inch refractor at Yerkes and a 

72-inch reflector in Canada.  

The McDonald telescope, however, 
would stretch the company's capa

bilities, primarily because this was the 

first telescope for which it assumed 

responsibility for the optics as well as 

the mechanical parts. The McDonald 

r telescope's primary mirror, which gath
ers and focuses starlight, would span 80 

inches (two meters), second only to 

the 100-inch at Mount Wilson.  
McDonald Observatory construc

tion started in 1933, with workers 

building a road to the top of the moun

tain, drilling a well (a process that 

drew considerable interest in parched 

West Texas), and pouring a deep con

crete foundation to provide a stable 

platform for the telescope. By 1936, 
the aluminum-covered dome and the 

45-ton telescope were complete. All 

that remained was the mirror.  

Struve chose to have the mirror 

made of a new type of glass, known as 

Pyrex - the material used in oven-safe 

cookware. It doesn't expand and con-

tract much as it heats and cools, mak

ing it a good material for a telescope, 

which must adjust to cool night air.  

With Struve watching on at the 

Corning Glass Works in Pennsyl

vania, the mirror's melted glass was 

poured into a mold and placed in a 

giant oven, which would allow it to 
cool slowly, on December 31, 1933.  

When the mirror was removed from 

the mold four months later, though, 
it was covered with cracks. Struve 

insisted that the makers start over, so 

the mirror was recast, expanding its 

diameter from 80 to 82 inches.  

When it had cooled, technicians 
began grinding away at the disk to pro

duce the proper curve on its surface. A 

variation of a few millionths of an inch 

in that curvature can blur the tele

scope's vision, which is what happened 

to Hubble Space Telescope - a testing 

error left its mirror with a flawed shape.  

A machine did the initial grinding.  
When the mirror reached a rough ap

proximation of its final shape, work 

transitioned from grinding to polish

ing, where progress was measured in 

millionths of an inch. Work was done 

by hand, with contact limited to a few 

minutes a day to prevent the mirror 

surface from overheating. It was a te

dious, demanding process that required 

a lot of time. And then more time.  

And then even more time - much 
more than anyone had anticipated.  

Warner and Swasey had hired C.A.  

Robert Lundin, an optician who had 

worked on large refracting telescopes, 

which use lenses instead of mirrors, to 

supervise the mirror figuring, which 

creates the final curved shape. "The 

young man had shown himself to be 
adept at refractive optics," according 

to Big and Bright, a history of McDon
ald Observatory, "but he had never 

before made a large mirror." 

That lack of experience caused prob

lems. Lundin misapplied a common 

testing technique, which showed how 

close the mirror was to the desired

8 MAY/JUNE 2014
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A Warner and Swasey technician grinds the 
surface of the 82-inch mirror

In Brewster-C mnty Oyver 48- Yewrs - +_ 

RR OR FOR McDONALD 
OBSERVATORY IN D A V IS 
MTS.IS UNLOADED H E R E 

Big -Glass Leaves For 
its Final home On 

Mount Locke 

The huge mirror for the Me
Donald observatory, high in the 

vi rrk.

shape. Day after day, he polished away 
what he thought were tiny flaws in 

the mirror surface, only to see the test 
results grow worse. An experienced 

astronomer was hired to supervise the 
work, but there was little progress. The 

exasperated Struve, after seeing the 
schedule slip by almost two years, fi
nally brought in an optician from Yer
kes, who helped push the mirror along.  

Polishing was completed in late 
1938. The mirror was coated with alu
minum to give it a reflective surface, 
securely packed, and shipped to the 
Davis Mountains, where it was in
stalled in the telescope in March 1939.  

Even then, however, the mirror 
was not quite right. "The mechanical 

design and the building had been ex

ecuted superbly," according to Big and 

Bright. "As far as the public knew, the 
optics had been, too. The public isn't 
always told everything. Even after 
he had pronounced the telescope's 

performance superb, Struve was not 
satisfied - and with cause. Warner 
and Swasey's expansion into the field 
of large optics had not been fully 
successful." Indeed, the mirror's cur
vature was still slightly off. The tele
scope's vision wasn't corrected until 
the 1960s, when secondary mirrors 
were reconfigured to provide a sharp 
view of the heavens.

awsuits, the Great Depression, 
a poorly focused mirror, and 
other problems had delayed the 

completion of William J. McDonald's 
observatory, but they had not stopped 
it. In May 1939, most of the country's 
leading astronomers gathered in the 
Davis Mountains to celebrate its dedi
cation. A few arrived from Europe as 
well, although others were blocked by 
the threat of war.  

They attended a lengthy scientific 
symposium and a rodeo, ate barbecue 
and went to teas, and cut the rattles 
off a rattlesnake that threatened as
tronomers Bart Bok and Jan Oort.  
And on May 5, they gathered beneath 
the brand-new 82-inch telescope to 
hear officials wax poetic about its 
birth and its future.  

J.R. Parton, chairman of the Uni
versity of Texas board of regents, 
recalled the observatory's benefactor 
as he gazed up at the great new tele
scope. "It is a mirror which reflects 
the stars, an instrument which brings 
the dazzling reaches of the night into 
the ken of the average man," he said.  
"And that is what its founder must 
have wished: that the presence of 
the observatory should give the stars 
a nearness and reality heretofore un
dreamed of by most of us." 

McDonald Observatory continues

to give a reality to the stars 75 years 
later. Its original telescope is still 

part of that work, with sharper vision 
and better instruments than at its 
dedication. In 1966, the telescope was 
named for Otto Struve - the man 
who helped deliver William J. Mc
Donald's vision for seeing the stars.  

Damond Benningfield -s executive 

editor of StarDate and writer/producer 

of StarDate radio.

INTERNET 

McDonald Observatory Anniversary 
mcdonaldobservatory.org/anniversary 

RADIO 

StarDate will air a series of episodes on the 
dedication, including audio of Otto Struve, May 5-9 
stardate.org/radio 

VIDEO 

'Teaching an Old Telescope New Tricks' 
Feature on the history and evolution of the 82-inch 
te escape 
stardate.org/videos/teaching-old-teles:ope-new-tricks 

BOOKS 

Big and Bright: A History of the McDonald Observatory, 
by David S. Evans and J. Derral Mulholland, 1986 

Yerkes Observatory 1892-1950, by Donald E.  
Osterbrock, 1997
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T hree bright planets grace early May's night sky, and are joined by another later in the month.  
Venus presides over the pre-dawn sky as the Morning 
Star. In June, the Moon accompanies several planets 
and bright stars across the sky. By the second half of 

June, a couple of planets begin to fade away.

MAY1 -15 
Jupiter, Mars, and Saturn 

stalk across the evening sky 
this May, rivalling or surpass
ing the brightest stars of the 
mild spring sky. Jupiter is 
brightest. You'll see it shining 
in the west in the fading af
terglow of day, the first "star" 
to appear. As the sky grows 
darker, spot Pollux and Cas
tor above it (lined up roughly 
horizontally), Procyon off to 
Jupiter's left, and Capella shin
ing farther off to its right in 
the northwest. They all sink as 
evening grows late. Watch for 
the waxing crescent Moon to 
stand below Jupiter on May 3 
and to the left of it on the 4th.  

The next planet you'll find 
eastward along the ecliptic is 
fiery Mars. Look for it shining 
high in the southeast at dusk, 
and higher in the south later.  

Mars is still bright, second 
only to Jupiter among the 
spring evening planets. But 
Mars appears to be losing 
power now that Earth is pulling 
ahead of it in orbit. (We passed 
closest by Mars in mid-April.) 
In fact, Mars will lose half its 
brightness by month's end.  

All month Mars has a mod
erately dim companion star: 
Porrima, or Gamma Virgi
nis. They are separated by no 
more than a couple of finger
widths at arm's length. They 
appear closest around May 3 
(just one finger-width apart), 
then widen a bit, and then 
keep about the same separa
tion for the rest of May while 

10 MAY/JUNE 2014

changing orientation. Keep 
watch on their doings.  

Brighter Spica shines much 
farther to the lower left of 
Mars, by about one and a half 
fists at arm's length. Arcturus 
shines about three fists to 
Mars' left or upper left. The 
gibbous Moon stations itself 
near Mars on May 10 and 
near Spica on the 11th.  

Saturn is the next planet 
eastward, in the rather dim 
constellation Libra. Look for 
Saturn well to the lower left of 
Mars and Spica after dark. Sat
urn is at opposition (opposite 
the Sun in our sky) on May 10,

A Surprise Shower? 
A brand new meteor shower could light up 
the pre-dawn sky on May 24, perhaps firing 
off hundreds of "shooting stars." 

The shower would be spawned by debris 
from Comet 209P/INEAR, which was 
discovered in 2004. It orbits the Sun once 
every five years, shuttling roughly between 
the orbits of Earth and Jupiter. A rela
tively close encounter with Jupiter in 2012 
pushed the comet's path closer to Earth. In 
late May it will pass less than 300,000 
miles (475,000 km) from Earth, although 
it will remain too faint to see without a 
telescope.  

As the comet orbits the Sun, it sheds bits 
of rock and dirt that form streamers around 
the comet. If Earth flies through one of the 
streamers, some of the comet dust slams 
into the upper atmosphere. The particles 
quickly vaporize, forming the streaks of light 
known as meteors.  

Several meteor shower experts say that's 
just what will happen before dawn on May

so all month Saturn appears 
slightly larger in a telescope 
than it does on average.  

The Moon, now almost full, 
pairs with Saturn on the 13th.  
On the 14th, the full Moon 
shines more or less between 
Saturn, which is now about a 
fist to its upper right, and spar
kly orange Antares a similar 
distance below the Moon.  

As for the brightest stars? 
The brightest in early-May 
twilight is Sirius, the Dog Star, 
twinkling away quite low in the 
southwest. It soon sets; catch it 
while you can. Each day Sirius 
sets four minutes earlier, while 
bright twilight is lasting later 
and later. When can you no 
longer find Sirius at all? 

Next in line for brightness 
are Capella in the northwest, 
Arcturus shining high in the 
east, and Vega twinkling low 
in the northeast. All three 
shine at magnitude zero.

24. Earth should pass through several of the 
comet's debris streams at about the some 
time, peppering our planet with countless 
bits of dust.  

Most estimates say that could produce 
peak rates of around 100-200 meteors per 
hour. (The peak is an ideal number; most 
skywatchers will see perhaps half of that.) 
Bolder predictions, however, say the total 
hourly rate could top 1,000.  

The shower's peak should come between 
midnight and dawn for most of the United 
States, with the most likely peak around 2-3 
a.m. CDT. The meteors will appear to "rain" 
into the sky from the faint constellation 
Camelopardalis, the giraffe, which is low in 
the north. Individual meteors can shoot across 
any part of the sky, however, so you won't 
need to look in a specific direction to see 
them. The Moon will be a thin crescent, and 
it won't rise until about three hours before 
sunrise, so its feeble light won't hinder the 
show - if there's a show at all. DB

The brightest point of all 
shines now at dawn. Few of 
us are up as daylight begins 
in early May (around 5 a.m.  
Daylight Saving Time depend
ing on where you live). But set 
your alarm, look low in the 
east, and you will spy truly 
brilliant Venus.  

MAY 16 - 31 
In the second half of May 

a new planet puts in a fine 
appearance at dusk. Shy, 
Sun-skirting Mercury usually 
hides low in the glare of sun
set or sunrise, but now it turns 
bold and displays itself in easy 
view in the west-northwest as 
twilight fades. Look for it far 
to the lower right of bright 
Jupiter, which still dominates 
the west, and to the lower left 
of Capella.  

Jupiter, meanwhile, is on 
the move with respect to its 
background stars. At the be
ginning of May, Jupiter was 
well below Pollux and Castor, 
but it has been moving slowly 
closer to them and shifting to
ward the left. Jupiter will pass 
by Pollux and Castor, lining 
up to their left, just as they 
all sink into the sunset in late 
June and early July.  

Mars remains near dim Por
rima in Virgo, still to the upper 
right of Spica. And Saturn, 
the slowest-moving bright 
planet, remains stuck in Libra.  

Arcturus has been getting 
higher and higher in the east 
to southeast. It's the pale yel
low highlight of the constel
lation Bo6tes, the herdsman.  
The rest of Bobtes (or at least 
its most noticeable pattern) ex
tends left from Arcturus like a 
tall, narrow, slightly bent kite, 
with Arcturus sitting where 
the tail is tied on. The kite is 
about two fist-widths long.  

Look far below Arcturus



The Shower 
Eta Aquarids 
Named for a star in the constellation 
Aquarius, which rises a few hours before 
dawn 

Peak 
Morning of May 6 

Notes 
The Eta Aquarids are a modest shower for 
skywatchers in the northern hemisphere, 
with peak rates of about a dozen meteors 
per hour. The Moon sets in the wee hours of 
May 6 this year, so it won't interfere with 
the shower's peak showing.  

for Saturn and, even farther 
down - just rising as dark
ness becomes complete -the 
orange-red supergiant Antar
es, the brightest star in upper 
Scorpius. Look for Antares' 
two "outrigger" stars to its 
upper right and below it.  

JUNE 1 -15 
Mercury fades and sinks 

deeper into the sunset in early 
June, retreating into its solar 
hiding place.  

Jupiter, too, is moving lower 
in the west week by week, but 
it still has a long way to go 
before it becomes less than 
obvious in the west at dusk.  
Look far to Jupiter's lower left 
for Procyon, the "little dog

star," dwindling away low in 
twilight.  

On June 1, the crescent 
Moon again shines to the left 
of Jupiter and above Procyon.  
As the Moon waxes across the 
evening sky, it accompanies 
Mars on the 7th, Spica on the 
8th, steps from one side of 
Saturn to the other on the 9th 
and 10th, and shines above 
Antares on the 11th.  

Over in the east-northeast, 
Vega has risen higher and 
become more prominent. It's 
the highlight of Lyra. This 
little constellation's main 
pattern hangs just to Vega's 
lower right: a small equilat
eral triangle with Vega form
ing its top right corner, and 
an elongated parallelogram 
attached to the triangle's bot
tom corner.  

The Big Dipper is almost 
overhead when you face north 
now, hanging upside down for 
June evenings. Many people 
know that the middle star in 
the Big Dipper's handle, Mizar, 
has a little companion, Alcor, 
right next to it for those with 
reasonably sharp eyes (or the 
slightest optical aid). As al
ways, the side of Mizar where 
Alcor resides is the side that 
faces Vega far across the sky.  

JUNE 10 - 30 
The bright planets now

seem in retreat. Mercury has 
run away into the skirts of the 
Sun. Mighty Jupiter is packing 
it in for the season, becoming 
less and less the king of the 
evening as it settles into the 
west-northwest after sunset.  
And Mars continues to fade.  

Saturn is the exception to 
this rule. It continues to hold 
its own in brightness, more 
or less, and reaches its great
est altitude in the south soon 
after dark now.  

The Big Dipper pivots 
around high in the northwest 
to hang down by its handle.  
Its bottom two stars are the 
Pointers, eternally pointing 
almost to Polaris, the some
what dim North Star. Polaris 
is about three fist-widths at 
arm's length to the Pointers' 
right, in an area distinguished 
by little else. It is always, of 
course, due north. If there's 
one sky landmark you really 
ought to know, this is it.  

Polaris is the handle-end 
of the Little Dipper, and as 
frustrated skywatchers well 
know, most of the Little Dip
per is dim enough that its 
visibility at all is a test of a 
dark sky (which few people 
nowadays experience). A key 
to piecing out the Little Dip
per: in late June after night
fall, it extends straight up 
from Polaris - like an es-

caped balloon on a string ris
ing through the night. Its top 
star is Kochab, a match for 
Polaris at second magnitude.  

If you have an open view 
toward the north horizon far 
below Polaris and a little to 
the right, look there for a 
constellation that's very out 
of season. Cassiopeia is nor
mally considered a sign of 
fall and winter. But it never 
actually sets for skywatch
ers who live farther north 
than the latitudes of the 
Deep South and the south
ernmost Southwest. Now is 
the time of year when Cas
siopeia lies flat and low at 
nightfall. Look a little to the 
right of north for a wide, 
horizontal W made of five 
stars. The three forming its 
right half are the brightest.  
Late at night, Cassiopeia be
gins swinging up higher in 
the northeast, presaging the 
far-off coming of fall.  

Alan MacRobert is a senior edi
tor of Sky & Telescope maga
zine.  

The summer solstice falls on 
June 21. Many European cultures 
celebrate the solstice with 
midsummer festivals. Clockwise 
from left: Revelers celebrate 
midsummer in Portugal, Romania, 
and Sweden.
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1 Aldebaran, the eye of Taurus, looks up 
at the Moon at nightfall.  

3/4 Brilliant Jupiter stands above the Moon 

at nightfall on the 3rd and to the right of the 

Moon on the 4th, when Procyon, the "little dog 

star," is farther to the lower left of the Moon.  

7 Regulus, the heart of Leo, is close above 

the Moon this evening.  

10 Bright orange Mars huddles close to the 

Moon tonight.  

10 The planet Saturn is at opposition, lin

ing up opposite the Sun in our sky. It rises 

at sunset and remains in view all night. It is 

brightest for the year, too, shining like a bright 

golden star.  

11 Spica, the leading light of Virgo, stands 
close to the lower left of the Moon, with Mars to 

their upper right.  

13 Golden Saturn stands close to the lower 

left of the Moon at nightfall, and is closer above 

the Moon at first light on the 14th.  

14 Saturn is to the upper right of the Moon 

as they climb into view in early evening, with

Antares, the heart of the scorpion, below.  

23 Mercury is low in the west-southwest at 

nightfall, with the star El Nath, which represents 

the tip of one of the bull's horns, to its right.  

24 A brilliant meteor shower may light up 

the pre-dawn sky.  

25/26 Venus, the Morning Star, poses just 

below the Moon at first light on the 25th, and 
farther to its upper right on the 26th.  

30 The planet Mercury is to the right of the 

Moon at nightfall, with much brighter Jupiter 

above them.  

31 Jupiter is close to the upper right of the 

Moon, with Procyon farther to the left of the Moon.

111111
1 Brilliant Jupiter stands to the lower right 

of the Moon at nightfall.  

34 Regulus, the brightest star of Leo, is 

above the Moon on the evening of the 3rd and 

to the right of the Moon on the 4th.  

6;7 Bright orange Mars stands to the left or 

upper left of the Moon on the evening of the 6th, 

and quite close to the upper right of the Moon on 

the 7th.  

8 The star Spica is close to the right of the 

Moon as night falls on the 8th, with the planet 

Mars to their right.

9/10 Golden Saturn is to the left of the Moon 

on the 9th and closer to the upper right of the 

Moon on the 10th.  

11 Antares, the heart of Scorpius, is below 

the Moon at nightfall.  

21 Summer arrives in the northern 

hemisphere at 5:51 a.m. CDT, which is the 

moment of summer solstice. The Sun stands 

farthest north in the sky on the June solstice, 

providing the longest days of the year north of 

the equator.  

23-25 The Moon passes by Venus, the dazzling 

Morning Star. They are closest on the morning 

of the 24th.  

28/29 Jupiter, which is rapidly slipping 
toward the Sun, lines up near the crescent 

Moon in the early evening. Jupiter is close to 

the upper right of the Moon on the 28th, and 

farther to the right on the 29th. Jupiter is quite 

low in the sky and drops from view not long 

after the sky gets dark.

14 MA /JLNE 2014

Moon phase times cre for 
the Central Time Zone.



-J Cosmic Crowdsourcing 
Craze Continues 
Scientists continue to benefit from the crowdsourcing craze, in which armchair 

% Jastronomers contribute to research by sharing time, brainpower, and com
puter power. Here are a couple of new ones: 

The MoonMappers project from Cosmo
Quest asks users to help map the 
Moon's 500 million craters, helping sci
entists study the bombardment history 
of the Moon. Participants take an online 
tutorial, then identify craters and mark 
those with interesting features on pho
tographs from lunar Reconnaissance 
Orbiter. Users can test their accuracy against others, and against a computer.  

cosmoquest.org/projecis m , pe-s

Ladies of the Final Frontier
W 'men i- Space is the 

latest in the series 
'Women of Action" 

for young adult readers, but 

it is interesting

enough for adults, 
too. It details the 

lives of nearly 
two dozen astro
nauts from 10 
countries from the 

well-known, like  
:he first woman 
-n space Russian 

cosmonaut Valen

-ina Tereshkova 
and her America-i 

:ounterpart Sally Ride, to the 

less so.  
The latter include the Mer

cury 13: female pilots who 

underwent similar testing as 
the first American astronauts 
in the 1960s who today are 

Women in Space 
23 Stories of First Flights, 
Gravity-Breaking Advent 
By Karen Bush Gibson 
Hardback, 240 pages; $19.95

household names. But unlike 

John Glenn, Alan Shepard and 

the rest, the women never made 
it into space.  

The book begins 
by laying out the 

story of the Mer

cury 13, and goes 
on with sections 
on Russian fe
male cosmonauts, 

I I American female 
astronauts (includ
ing space shuttle 

commander Ei
leen Collins and 
Peggy Whitson, 

commander of the Internation

al Space Station), and finally, 
women astronauts of the world.  

Author Karen Bush Gib

son has written more than 30 
books for young readers, in

cluding Women Aviators. RJ 

Scientific Missions, and

Disk Detective is a new project from 
Zooniverse. Users comb through data 
from the Wide-field Infrared Survey Ex
plorer (WISE) mission to hunt for stars 
that may be surrounded by planet-form
ing disks. Astronomers plan to follow up 
proto-planetary disks identified in this 
way with direct-imaging campaigns using 
large space telescopes to look for planets.
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ou probably know that, as Carl Sagan said, "we 
are all star stuff." The calcium in our bones formed 

billions of years ago in massive stars that died before 
the Sun was born. In fact, all of the heavier chemical 

elements in our solar system - elements such as 
carbon, oxygen, and nitrogen - were in place 4.6 billion 

years ago in the cloud that condensed to form the Sun, 
all created in earlier generations of stars.  

Lately, though, researchers have been looking for traces of 
more recently made star stuff in our cosmic neighborhood.  
They want to know whether any stars exploded close enough 
to have consequences for our solar system, and particularly 
how they could impact life on Earth.  

One way to attack this issue is to look for chemical elements 
on Earth that must be products of a nearby supernova. One 
such element from an exploding star seems to have left its 
imprint in biological organisms on Earth, and in geologic 
materials on both Earth and the Moon.

A group of scientists has found traces 
of a radioactive form of iron, called 
iron-60, made by a dying star and 
blown into space. This iron was cap
tured by Earth's atmosphere a few 
million years ago, when the ancestors 
of modern-day humans inhabited parts 
of Africa. Tiny quantities of it have 
mixed with more common and stable 
forms of iron. Only an exceptionally 
sensitive technique, called accelerator 
mass spectroscopy, can detect it.  

Astronomers say the iron-60 they 
have found may have come from a 
supernova explosion 2 million to 3 
million years ago in the Scorpius-Cen
taurus OB association, a loose group of 
young stars of type O or B, which are 
the brightest and heaviest of all classes 
of stars. At 400 light-years away, this 
stellar nursery is relatively nearby. It 
spans the night sky from bright red 
Antares (the brightest and most mas
sive B star in the association) south 
and east toward the stars of the South
ern Cross.  

Star formation in this association 
started about 15 million years ago and 
continues today. In fact, since O and 
B stars live only a few million years, 
many massive stars in this association

have gone through their complete life 
spans, from newborn to supernova.  

In his Handbook of Isotopes in the 
Cosmos, Donald Clayton described 
iron-60 as "one of the most complex 
and interesting isotopes to occur in 
nature." It forms abundantly in the 
blown-off atmospheres of superno
vae: A single exploding star produces 
enough iron-60 to outweigh Earth 
three or four times.  

But this form of iron, with its nucle
us of 26 protons and 34 neutrons, is 
unstable, so it undergoes radioactive 
decay. Its half-life - or time after 
which half of a sample will have de
cayed - is 2.6 million years.  

Scientists estimate that at the time 
of Earth's formation, one or two of 
every million iron atoms incorporated 
into our newborn planet were of the 
iron-60 variety (the rest were mostly 
iron-56, a more stable version of the 
element). Since then, the amount of 
iron-60 has fallen by half about 1,800 
times, so any iron-60 from that earli
est time is now extinct. We can only 
infer its earlier existence by looking 
for the byproduct of its radioactive 
decay: nickel-60, with 28 protons and 
32 neutrons.
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In 1999, a team of researchers from 

several German institutions pub

lished a study of samples taken 

under the South Pacific Ocean, from a 

deposit of minerals called a ferroman

ganese crust an amalgam of sedi

ments that is rich in iron, manganese, 
and other elements. The samples came 

from layers dated from recent times 

back to as early as 13 million years ago.  

The team studied these samples 

with an accelerator mass spectrom

eter (AMS) - one of the few in the 

world that can detect iron-60 at 

tne Maier-Leibnitz Laboratory, which 

is operated by the Ludwig Maximilians 

University of Munich and the Techni

cal University of Munich.  
The sample contains different "iso

topes" of iron (iron particles with the 

same numbers of protons in the atom's 

nucleus, but different numbers of neu

trons). To be studied via the AMS 

system, the sample is given a negative 

electric charge and then accelerated 

to high speeds using electrical fields.  

It shoots through a thin layer of mat

ter that breaks up any molecules that 

have tagged along and also strips away 

electrons. This leaves the sample with 

a positive electrical charge. Then elec

tric and magnetic fields are used to 

separate the various isotopes of iron, 
including iron-60. Special detectors 

then count how much of each iron 

isotope was found.  

The researchers compared how 

much iron-60 they found in the sample

to how much stable iron they found.  

Thomas Faestermann, a member of the 

group from the Technical University of 

Munich, says they found a "first hint" 

of live iron-60 on Earth. It could not 

have been left over from the planet's 

formation - all of that iron-60 had 

decayed. Instead, it must have come 

from nearby recent supernova.  

In 2004, the team studied samples 

of ferromanganese crust from a dif

ferent location in the Pacific Ocean, 
and again found "weak but significant" 

amounts of iron-60.  
The researchers didn't find any in 

sediments from the Atlantic sea floor, 
though. "The main reason for not suc

ceeding is most probably that the sedi

ment contains roughly one thousand 

times more stable iron than the crust, 

ARTICLES 

"Supernova left its marl( in ancient bacteria," by 

Alexandra Witze, Nature, April 15, 2013 
nature. com/news/supernova-left-its-mark-in-ancient
bacteria-l.12191 

"Death Rays from Space," by Michael Schirber, 
Astrobiology Magazine, Aug. 27, 2009 
astrobio.net/exclusive/3221/death-rays-from-space 
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Example of a piece of ferromanganese crust 
from the Pacific Ocean (above), similar to 
the ones scientists tested in the accelerator 
mass spectrometer (left) at the Maier Leibnitz 
Laboratory in Munich to look for iron-60, 
evidence of a nearby recent supernova.  

for the same time span," Faestermann 

says. "Therefore the iron-60 is diluted 

much more and a delicate leaching 

technique is required to make the 

measurement." 

Following these tests, the scientists 

dramatically expanded the scope of 

their search: They took on the Moon.  

Six Apollo missions landed on the 

Moon from 1969 to 1972. On each 
mission, astronauts collected lunar soil 

and rock samples. The more than 

840 pounds (400 kg) of material were 

stored at the Johnson Space Center in 

Houston, and the remaining samples 

are made available to scientists.  

Gregory Herzog of Rutgers Univer

sity, a member of the iron-60 research 

team, says it decided to ask for lunar 

soil samples. "The iron-60 might have 

adhered to the surfaces of larger lunar 

rocks as well, but sampling would prob

ably have been much more difficult," 

he notes. The team's proposal suc

ceeded, and the researchers received 

a small cardboard box containing the 

precious soil sample in the mail.  

Faestermann notes their samples 

were small, but sufficient. "We need 

a few milligrams of iron to do a mea

surement," he said, "and the mass of 

the Moon samples we obtained was 

between 60 milligrams and 190 mil
ligrams, with an iron content between 

3 percent and 13 percent." In other 

words, in a Moon sample weighing 

less than a Monarch butterfly, the re

searchers were looking at a total iron



content weighing about as much as a 
half-dozen butterfly eggs. And within 
those butterfly-egg masses of iron, they 
would be able to detect iron-60 even if 

there were only one iron-60 atom per 
quadrillion of the "regular" iron atoms.  

The team announced its first detec
tion of iron-60 in lunar samples in 
2009, and expects more discoveries 
to follow. Although iron-60 could be 
formed on the Moon when cosmic rays 
strike other types of iron on the lunar 
surface, the researchers allowed for that 
in their calculations. They estimated 
the amount of cosmic ray-produced 
iron-60 from studies of meteorites.  

"In the Moon samples we measure 
a distinctly higher concentration" of 
iron-60 than should be produced by 
cosmic rays, Faestermann says. This

Many species of bacteria, protozoa, and animals, including migratory birds, make 
magnetic crystals. Among the bacteria, several 
dozen species, living in freshwater and marine 
environments worldwide, are known to make a 
particular kind of crystals called magnetosomes.  

These iron-containing magnetic crystals are 
enveloped in a membrane. They are relatively 
chemically pure and come in regular shapes and 
sizes. The bacteria make these crystals from iron 
dust in Earth's atmosphere that settles in the 
water. The crystals are about 50 to 100 nanome
ters (a few millionths of an inch) long and often 
arranged in chains, like beads in a necklace.  

"Both the size and the arrangement of 
the crystals result in an elongated permanent 
magnet that acts like a magnetic compass 
needle, and causes the cell to migrate along 
the geomagnetic field as it swims," explains 
Richard Frankel, emeritus professor of physics 
at California Polytechnic State University in San 
Luis Obispo. Because Earth's magnetic field has 
a vertical component as well as a north-south 
component, the bacteria are able to use this 
sensitivity to the magnetic field as a way of 
traveling down into their preferred low-oxygen 
environments.  

These magnetic field-sensing bacteria have

higher concentration should be due to 
the effects of a supernova.  

Most encouragingly, the results the 
team got from the lunar samples agree 
with the results from the ocean crust 
samples.  

"We can estimate the total amount 
of iron-60 per square centimeter that 
has been deposited over the last few 
million years on the lunar surface, 
probably originating from a superno
va," Faestermann says. "The amount 
of iron-60 estimated for the Moon 
seems to coincide with the value we 
estimate today for the deposition in 
the deep ocean crust." 

The team's latest breakthrough 
came last year, when it an
nounced the detection of

been around for at least 600 million years.  
When they die, they settle in sediments and their 
membranes dissolve, leaving just the distinctive 
magnetic crystals known as magnetofossils.  

The bacteria are not choosy about what type 
of iron they take up to form the crystals. They 
incorporate the usual stable types of iron (iron
54, -56, -57 and -58), and if radioactive iron-60 
happens to be present, they incorporate that, 
too. Scientists looking for evidence of a rela
tively nearby and recent supernova explosion 
that would have dusted Earth with iron-60 need 
to separate the iron-60 from the other forms of 
iron found in the magnetofossils. LB 

z 

0 

This view from an electron microscope 
shows the chain of magnetic crystals 
inside a magnetotactic bacterium.

iron-60 in fossilized remains of a 
marine bacterium.  

These magnetotactic, or magnetic
field-sensing, bacteria, lived about 2 
million years ago. The iron-60 pre
sumably hit Earth's atmosphere as su
pernova dust grains that found their 
way down to the surface and into the 
oceans. But instead of entering fer
romanganese crust, like that which 
the researchers had sampled from the 
ocean floor, some of it was ingested 
by magnetotactic bacteria.  

The bacteria take up iron from 
their surroundings and form it into 
microscopic magnetic crystals. Of 
course, along with iron-60, the bac
teria also incorporated more com
mon, stable types of iron. When 
the bacteria died, their cells decom
posed, but the sediments where they 
lay retained the distinctive iron-rich 
crystals.  

The team's discovery of iron from 
a supernova in the fossil bacteria was 
the first such detection in a biologi
cal organism. This work is ongoing.  

The story emerging piece by piece 
through the iron-60 research within 
the past decade is an epic one. Some
where near our solar system a super
nova exploded - not close enough 
to extinguish life on Earth, but no 
doubt lighting up the sky brilliantly 
enough to be visible in the day
time. (Some iron-60 atoms from this 
and other supernova explosions still 
move between the stars, and have 
been detected by the European Space 
Agency's Integral spacecraft through 
the gamma rays they emit during ra
dioactive decay.) A small number of 
iron-60 atoms then settled onto the 
surfaces of Earth and the Moon. And 
now, millions of years later, thanks to 
detection systems of exquisite sensi
tivity, we can pick up the signature 
of that supernova explosion before it 
has completely died out.  

Leila Belkora is the author of Minding 
the Heavens: The Story of Our Dis
covery of the Milky Way. She lives in 
Irvine, California.
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Close Call 
Massive solar storms just missed Earth

A rapid series of eruptions on the Sun 
in 2012 had the potential to disrupt 

power and communications 

across much of 'arth, according to a study 

published in March. Luckily for us, though, 

the blasts of electrically charged particles 

flew harmlessly past Earth, missing the 

planet by a few days.  

A team of researchers found the 

eruptions in observations by STEREO A, 

one of a pair of spacecraft that combine 

to provide three-dimensional views of 

the Sun. The craft detected a series of 

coronal mass ejections, which are massive 

outbursts of plasma - super-hot matter 

in which electrons are stripped from the 

nuclei of atoms - in July 2012. The first 

eruption clearec a path for the later ones, 

which raced through the solar system 

at about five million miles per hour 

some of the fastest coronal ejections ever 

measured.  

Had the magnetized clouds hit Earth, 

they could have triggered massive 

technological disruptions, the researchers 

said. The charged particles in the plasma

could have damaged or destroyed satellites 

and knocked out some types of radio 

communications. They potentially could 

have created surges in power grids on the 

ground as well, destroying transformers 
and other equipment and blacking out 

large sections of the planet.  
The largest solar storm ever recorded 

was triggered by a solar flare, a powerful 

explosion on the Sun's surface, in 1859.  

(Coincidentally, it was the most powerful 

flare yet seen.) It created aurorae that 

were visible as far south as Texas and 

Florida, and produced electric currents 

in telegraph lines that shocked operators 

and even sparked fires. A smaller solar 

storm, in 1989, knocked out power to 

much of Ouebec, and other solar events 
have knocked out satellites and caused 

smaller blackouts.  
Several studies in recent years have 

suggested that a massive solar storm 

the astronomical equivalent of a category 

5 hurricane - could cause trillions of 

dollars in damages that would take years 

to repair. DB

Possible Dwart 
Planet Extends Solar 

System's Edge 

New cameras and other technol
ogy are allowing astronomers 

to see farther into the deep freeze of 
the outer solar system, well beyond 
the realm of the planets. Earlier this 
year, for example, two astronomers 
reported the discovery of the most
distant solar system object yet seen, 
a possible dwarf planet about 7.5 
billion miles (12 billion km) from the 
Sun - more than 80 times the Earth

Sun distance.  
Scott Sheppard and Chadwick Tru

jillo discovered the new object, provi
sionally designated 2012 VP113, in 
images snapped with the new Dark 
Energy Camera on a 4-meter tele
scope in Chile.  

The astronomers say the object or
bits the Sun once every 4,000 years.  
It follows a highly elliptical orbit that 
takes it about six times farther from the 
Sun than its current distance. At that 
range, they say, it must be a member 
of the inner Oort Cloud, a shell of 
icy bodies that encircles the solar sys
tem. One other possible dwarf planet, 
Sedna, has been discovered in this 
region, although it is a few hundred 
million miles closer than VP1 13.  

The orbits of VP113, Sedna, and 
other distant bodies suggest that a 
much-larger object could lurk in the 
same region. Such an object would 
be much brighter and easier to detect, 
yet no search has yet seen it. In fact, a 
survey by an infrared space telescope 
recently found no evidence of a large 
planet in the outer solar system, far be
yond the orbit of Neptune, the farthest 

known planet.
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Asteroid Oddities
Artists' concepts of Chariklo Ivith rings (left) and water vapor rising off 
of Ceres (center); Hubble view of pieces of asteroid P/2013 R3 (right)

Tiny bodies sprout rings, break apart, and hide ice pockets

plethora of asteroid 
findings are shaking 
up ideas about these 

rocky, primitive bodies, and 
may have consequences for 

our understanding of the early 

solar system.  
Astronomers recently were 

surprised to discover rings 
around Chariklo, the largest 

of the Centaur asteroids that 
orbit between Saturn and Ura
nus. The rings were discovered 

when Chariklo passed in front 
of a star, which unexpectedly 

winked out twice before pass
ing behind the asteroid, and 
twice again just after emerging.  

"We weren't looking for a 
ring and didn't think small 

bodies like Chariklo had them 

at all, so the discovery - and 
the amazing detail we saw

in the system - came as a 
complete surprise," said Felipe 
Braga-Ribas of Brazil's Obser
vat6rio Nacional, team leader 
of observations from La Silla 
Observatory in Chile.  

By putting together the data 
from different observing sites 
in South America, astrono
mers determ ned the shape 
and size of the asteroid. With 
a diameter of only 150 miles, 
Chariklo is the smallest object 
ever found to have rings. They 
also worked out that there are 
two rings, 4 miles and 2 miles 
wide, separated by a gap of 

6 miles. They think the rings 
may have farmed after a colli
sion, and tha. a yet-undiscov
ered moon may confine the 
rings to their narrow shapes.  

Closer to home, astronomers

recently saw an asteroid orbit
ing in the main belt between 

Mars and Jupiter break into 
pieces. Two sky surveys no
ticed P/2013 R3, which was 
then followed up with Hubble 
Space Telescope. Hubble found 
10 pieces, each with comet
like tails.  

"This is a really bizarre thing 
to observe - we've never seen 
anything like it before," said 
Jessica Agarwal of the Max 
Planck Institute for Solar Sys
tem Research. She explained 
that the breakup is likely due to 
the pressure of sunlight on the 
asteroid, whose interior was 
likely only a loosely held-to
gether rubble pile. The possibil
ity had been speculated upon, 
but never before observed. As
tronomers ruled out a collision

as the cause, as the pieces are 
not moving fast enough.  

The main belt's largest resi
dent, Ceres, has made head
lines recently, too. The Her
schel infrared space telescope 
found it to harbor water vapor, 
confirming the suspicion of ice 
reservoirs in main-belt aster
oids. The find raises questions 
about the origin and distri
bution of water in the solar 
system, according to Thomas 
Muller of the Max Planck 
Institute for Extraterrestrial 
Physics. Astronomers don't 
know if Ceres' ice was incorpo
rated when Ceres formed, or if 
it came later. "When the NASA 
Dawn mission arrives at Ceres, 
we expect further insights," 
he said. The spacecraft should 
reach Ceres next February. RJ
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Gamma Rays Point to 
WIMPy Dark Matter 

Studies of gamma rays from 
the center of the Milky Way 

are providing evidence for one 
theory of the nature of dark mat
ter, which cannot be seen but 
whose gravitational effects are 
observed.  

A leading theory states that dark 
matter is made up of WIMPs, or 
"weakly interacting massive par
ticles." Undetectable (at least, so 
far) becaJse they interact with 
almost nothing, these theoretical 
particles nonetheless carry mass.  

Scientists from The University 
of California, Irvine, say that 
five years of data from the Fermi 
Gamma Ray Telescope show that 
gamma rays observed from the 
galactic center could be created 
when WIMPs collide aid annihi
late each other.  

"The data provides a better than 
10 percent precise determination 
of the dark matter's particle mass 
with the best estimates we have 
of what else is going on in the 
galactic certer," said UC-Irvine's 
Kevork Abazajian. RJ

A pair of recent studies found that both 
stars and planets can face hazardous 

environments that stops their growth in 
its tracks.  

Astronomers have long assumed that 
giant elliptical galaxies do not form new 

stars because they are devoid of the raw 
material: cold gas. A new study using the 
Herschel infrared space telescope found 
that a majority of giant ellipticals studied 

abound with cold gas.  
Following up with the Chandra X-ray 

Observatory, the team led by Stanford's 

Norbert Werner found that the common 
factor in these is a moderately active black 

hole at the galaxy's center. The galaxies 

that had only hot gas, tellingly, had central 

black holes that are much more active.  

They concluded that the black holes 

are interfering in star formation. In the 
galaxies with cold gas, the black hole's jets

may be reheating the cold gas. In galaxies 
with more active black holes, the black 
hole's jets may be pcwerful enough to blast 
any cold gas completely out cf the galaxy.  

Powerful blasts of a different sort can 
keep planets from forming, too. Planets 

form from disks of gas swirling around 

young stars. But if a giant star with a 
forceful stellar wind is nearby, that wind 

can blow away the young star's disk.  

Rita Mann of Canada's National Re
search Council led a group of astronomers 
using the Atacama Millimeter/submilli

meter Array to study proto-planetary sys

tems, or proplyds, in the Orion Nebula.  

She found that if a proplyd lies within one

tenth of a light-year, or about 600 billion 

miles, of a massive, powerful 0-type star, 

its disk is doomed to be blown away within 

a few million years - long before it can 

form planets. RJ
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