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The Website is Live! Have you visited?
^ƟůůŚĂǀ ĞŶΖƚƐĞĞƚŚĞŶĞǁ ǁ ĞďƐŝƚĞ͍ E Žǁ ŝƐĂŐƌĞĂƚƚŚĞƟŵĞ͘ t ŝƚŚ
updates happening constantly, its very diﬀerent from what we had before Check it out at BuﬀaloAstronomy.com and let us know what you
think.
On a sad note: as many of you know, Cheri Harper passed away
earlier this year. Cheri was the club’s vice president as well as former
editor of the Spectrum. I had a chance to work at length with Cheri
ǁ ŚĞŶǁ Ğǁ ĞƌĞƚƌĂŶƐŝƟŶŐƚŚĞ^ƉĞĐƚƌƵŵ͘ /ĨŽƵŶĚŚĞƌǀ ĞƌǇŬŶŽǁ ůĞĚŐĞĂďůĞ
ĂŶĚĚĞůŝŐŚƞƵůƚŽǁ ŽƌŬǁ ŝƚŚ͘ ^ŚĞǁ ĂƐĞŶĞƌŐĞƟĐ͕ ƐŵĂƌƚ͕ ĂŶĚǁ ĞĚŝƐĐƵƐƐĞĚ
ƐĞǀ ĞƌĂůƉƌŽũĞĐƚƐƐŚĞǁ ĂƐŝŶƚĞƌĞƐƚĞĚŝŶƉĂƌƟĐŝƉĂƟŶŐŝŶ͘ /ƚǁ ĂƐĂƚƌƵĞ
pleasure working with her
She will be missed.
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BAA Schedule of Astronomy Fun for 2015
BAA Schedule of Astronomy Fun for 2015
2015 schedule of events:
D ĂǇϴ͗ D ĞĞƟŶŐĂƚϳ ͗ ϯ ϬƉŵĂƚƵī ĂůŽ^ƚĂƚĞŽůůĞŐĞ
Jun 6: Public Night BMO
:ƵŶϭϮ͗ D ĞĞƟŶŐͬ ůĞĐƟŽŶƐĂƚϳ ͗ ϯ ϬƉŵĂƚƵī ĂůŽ^ƚĂƚĞŽůůĞŐĞ
July 4: Public Night BMO –/ǁ ŝůůŶĞĞĚŚĞůƉĂƐ/ŚĂǀ ĞĨĂŵŝůǇŽďůŝŐĂƟŽŶƐ
that day.
:Ƶůϭϴ͗ ůƵď^ƚĂƌWĂƌƚǇĂƚD K ƟŵĞƐd͘
Aug 1: Public Night BMO
Aug 12: Meteor Shower –BMO anyone??
Sept 5: Public Night BMO
^ĞƉƚϭϭ͗ D ĞĞƟŶŐĂƚϳ ͗ ϯ ϬƉŵĂƚƵī ĂůŽ^ƚĂƚĞŽůůĞŐĞ
Sept 11-13: Black Forest Star Party J
Oct 3: Public Night BMO
K Đƚϵ͗ D ĞĞƟŶŐĂƚϳ ͗ ϯ ϬƉŵĂƚƵī ĂůŽ^ƚĂƚĞŽůůĞŐĞ
E Žǀ ϭϯ ͗ D ĞĞƟŶŐĂƚϳ ͗ ϯ ϬƉŵĂƚƵī ĂůŽ^ƚĂƚĞŽůůĞŐĞ
 ĞĐϭϭ͗ D ĞĞƟŶŐĂƚϳ ͗ ϯ ϬƉŵĂƚƵī ĂůŽ^ƚĂƚĞŽůůĞŐĞ– Holliday Party!
See you at the Observatory
Daniel Marcus
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June General Meeting
and

2015-17 BAA Officer and Board of Directors

Election
Slate of Candidates
Vice-President:
(Completing the remaining 1 year of Cheri Harper's term ending in
2016)

Choose One (1) candidate:
□ Irene Ziarnowski
□ __________________________

Write-in Candidate

At- Large Directors:
Choose Three (3) candidates:
□ Dennis Bartkowiak
□ Neal Ginsberg (Incumbent)
□ Steve Smith (Incumbent)
□ __________________________

Write-in Candidate

3

Observatory Report
By Dan Marcus

Thanks to ADM telescope accessories we now have the C-14 mounted using rings for a
ŵŽƌĞƌŝŐŝĚĂƩ ĂĐŚŵĞŶƚ;dŚĂŶŬƐŶƚŚŽŶǇ͊Ϳ͘ WƌĞůŝŵŝŶĂƌǇƚĞƐƚƐƐŚŽǁ ǁ ĞĐĂŶŐƵŝĚĞǁ ŝƚŚƚŚĞ^d-9
and the C-14 while imaging with the NP101 for about 5 minutes before ﬂexure is an issue. The
debate now will be if we want to eliminate the adjustable mount for the NP101 and bolt it directly to the rings. I will leave the setup the way it is for now and we will give it a good test
run the way it is. The ST-9 seems to be able to guide on 13 mag stars using 3X3 binning and 10
sec exposures through the Blue ﬁlter (blue being the one that needs the most exposure to get
an image, have not tried it through theO3 yet). The guiding seems to be excellent. During our
Tuesday night sessions we will start taking some RGB images. We already have some of M97
using 10 minute Red and Green subs, and 20 min Blue subs. I need to get some darks for the
longer exposures. Hopefully I can
do that before
public night Sat May
2. For public/
member fun I do have
to admit a one
shot color camera is
more convenient
than RGB imaging.
You may not get
the advantages of narrow band ﬁlters,
but you can more easily come home
with color images
ǁ ŝƚŚŽŶůǇŽŶĞŶŝŐŚƚŽĨƐŚŽŽƟŶŐ͘ /ŵĂŐŝŶŐŚĂƐŶĞǀ ĞƌďĞĞŶƐŽŽŽŽŽŵƵĐŚ&h E ͕ ĂŶĚǇŽƵĂůůŬŶŽǁ 
my opinion on fun.
Tuesday Night at the Observatory is in full swing. No pesky employment looming on
the horizon so we should be at it all summer. One of the projects we are working on is Astro
dŽƌƟůůĂĂƉůĂƚĞƐŽůǀ ŝŶŐƐŽŌǁ ĂƌĞƚŚĂƚǁ ŝůůĮ ŐƵƌĞŽƵƚǁ ŚĞƌĞƚŚĞƚĞůĞƐĐŽƉĞŝƐƉŽŝŶƚĞĚ͕ ĂŶĚƚŚĞŶ
center what you are trying to locate. We shall see how that works. For now it is just as easy to
put a Canon DSLR on the NP101 and use it as a ﬁnder to center things in the C-14 and ST-9.
We currently go to an object, and if it is not in the frame, we then go to a bright nearby star,
center it in the ST-9, recalibrate the mount and usually the
object will be in the center of the ﬁeld when we go to it again. Life is GOOD. Saturn should be
creeping into the evening sky and we will be imaging it and its moons. Will be a piece of cake
for this setup! The only issue will be the SHORT nights. They maybe warmer, but they are buggy and short. Comet 67P will also be a target as NASA is looking for people to image it, but it is
more of a morning object.
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dŚĞƵī ĂůŽƐƚƌŽŶŽŵŝĐĂůƐƐŽĐŝĂƟŽŶƉƌŽƵĚůǇƉƌĞͲ

At the

Buﬀalo Museum of Science 2015






Over 1,100 visitors to the museum!
K ǀ ĞƌϰϬŵĞŵďĞƌƐŝŶĂƩ ĞŶĚĂŶĐĞ
ůůĚĂǇĐƌĂŌƐĂŶĚĨĂĐĞƉĂŝŶƟŶŐĂůǁ ĂǇƐŚĂĚĂĐƌŽǁ Ě͘ 
K ƵƚƐƚĂŶĚŝŶŐƐŽůĂƌǀ ŝĞǁ ŝŶŐ;ƐĞĞ ĂŶΖƐĂƌƟĐůĞŽŶƚŚĞƐŽůĂƌ
photography).

A special “Thank You” to everyone
ǁ ŚŽƉĂƌƟĐŝƉĂƚĞĚĂŶĚŚĞůƉĞĚŵĂŬĞ
Astronomy Day a resounding
Success!
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Pictures speak a thousand words
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For all of you who were stuck inside during Astronomy Day and
missed out on the CME that occurred, here is and image, and one taken 3 days
ůĂƚĞƌƚŚĂƚ/ŚĂƉƉĞŶĞĚƚŽĐĂƚĐŚũƵƐƚŝŶƚŚĞŶŝĐŬŽĨƟŵĞ͘ /ƚǁ ĂƐt ^K D ƚŽǁ ĂƚĐŚ
the prominence
grow in size and
ĚƌŝŌĂǁ ĂǇĨƌŽŵ
ƚŚĞ^ƵŶŝŶĂŵĂƩ Ğƌ
of 1 to 2 hours.
Think of sending
something to the
Moon from the
earth in less than
2 hours. The prominences were
highly Doppler
ƐŚŝŌĞĚ͘ ĐƚƵĂůůǇ
ƚŚĞǁ ŝĚĞƌďĂŶĚ
width ﬁlters like
the PST allowed
ďĞƩ Ğƌǀ ŝĞǁ ŝŶŐ͘ 
dŚŽƐĞŽĨƵƐǁ ŝƚŚ͘ϱ
angstrom ﬁlters
had to adjust the
ﬁlters while viewing just to see the whole prominence. Hopefully by the next
ŵĞĞƟŶŐ/ǁ ŝůůŚĂǀ ĞƐŽŵĞŽƚŚĞƌŝŵĂŐĞƐŽĨƚŚĞŵĂƐƚŚĞǇďůĞǁ ƵƉĂŶĚĨĂĚĞĚ
away. The one on Tues April 28 stretched out much farther than the one on Saturday the 25.
Have a video of it
where I run the
ﬁlter up and down
the spectrum so
you can see the
whole prominence- will bring it
ƚŽƚŚĞD ĂǇ
ŵĞĞƟŶŐ͘ /Ĩ/ƌĞͲ
member correctly both were about
ƚŚĞƐĂŵĞůŽĐĂͲ
ƟŽŶŽŶƚŚĞ^ƵŶƐ
edge, but don’t
hold me to that obƐĞƌǀ ĂƟŽŶ͘ /ŶĞĞĚ
ƚŽƐƚĂƌƚŵĂŬŝŶŐ
sure I have camera consistently
ƉŽƐŝƟŽŶĞĚ͕ ŶŽƚƐŽĞĂƐǇǁ ŚĞŶǇŽƵŚĂǀ ĞƚŚĞĚŝĂŐŽŶĂůĂŶĚĐĂŵĞƌĂŽƌŝĞŶƚĂƟŽŶƐƚŽ
worry about. Be much easier if it was a straight through system.
Dan M.
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Elias Loomis: Elements of Astronomy
I read an astronomy book (well, not all of it) that was published in
1871. Its author was Elias Loomis, LL.D. (an honorary degree conferred by
NYU in 1854), who was professor of natural philosophy and astronomy at
Yale. I thought the term natural philosophy went out of fashion a century
ŽĨƐŽĞĂƌůŝĞƌ͕ ďƵƚƚŚĞƌĞŝƚǁ ĂƐ͘ dŚĞƟƚůĞƉĂŐĞƐĂŝĚƚŚĞďŽŽŬǁ ĂƐĚĞƐŝŐŶĞĚ
for academies and high schools. I decided I might be able to handle it.
There are sixteen chapters, but the ﬁrst six are devoted to the Earth
ĂŶĚŝƚƐĞŶǀ ŝƌŽŶƐ͘ dŚĞǇĐŽǀ ĞƌƚŚĞƚŽƉŝĐƐŝŵƉŽƌƚĂŶƚĨŽƌƚŚĂƚƟŵĞƉĞƌŝŽĚůŝŬĞ͗ 
ƚŚĞƐŚĂƉĞĂŶĚĚŝŵĞŶƐŝŽŶƐŽĨĂƌƚŚ͕ ƐĞĂƐŽŶƐ͕ ƌĞĨƌĂĐƟŽŶ͕ ƚǁ ŝůŝŐŚƚ͕ ĂŶĚĂďĞƌͲ
ƌĂƟŽŶŽĨƐƚĂƌůŝŐŚƚ͘ ƐƚƌŽŶŽŵŝĐĂůŝŶƐƚƌƵŵĞŶƚƐĂƌĞĐŽǀ ĞƌĞĚŚĞƌĞ͕ ŝŶĐůƵĚŝŶŐ
ŵƵƌĂůĐŝƌĐůĞƐ͕ ƚŚĞĂƐƚƌŽŶŽŵŝĐĂůĐůŽĐŬ͕ ĂŶĚƚŚĞƐĞǆƚĂŶƚ͘ D ĂƚŚĞŵĂƟĐƐŝƐ
avoided, but there are plenty of geometric proofs with elaborately drawn
Į ŐƵƌĞƐŚĂǀ ŝŶŐĐŽƉŝŽƵƐůĞƩ ĞƌƐƚŽŝĚĞŶƟĨǇĞĂĐŚƉĂƌƚ͘ dŚĞĐŽŵƉůŝĐĂƚĞĚ;ĂƚůĞĂƐƚƚŽŵĞͿĞǆƉůĂŶĂƟŽŶƐƐƵĐŚĂƐ͗ 
the line from Bg bisects the plane deﬁned by ACFH, etc. This was a typical approach in the era of this publiĐĂƟŽŶ͘ /Ăůǁ ĂǇƐĮ ŶĚŝƚƚĞĚŝŽƵƐĂŶĚŽďƐĐƵƌĞ͘ /ǁ ŽŶĚĞƌŝĨŚŝŐŚƐĐŚŽŽůƐƚƵĚĞŶƚƐŽĨϭϴϳ ϭĨĞůƚůŝŬĞǁ ŝƐĞ͘
Later, there were chapters on the moon, the planets, meteors and comets. Finally, there was a single chapter that covered stars and nebulae. This paucity of material on stars and deep space reﬂects the
ƐƉĂƌƐĞŝŶĨŽƌŵĂƟŽŶŬŶŽǁ ŶĂďŽƵƚƚŚĞƐĞƐƵďũĞĐƚƐĂĐĞŶƚƵƌǇĂŶĚĂŚĂůĨĂŐŽ͘ ŶĞůĞŵĞŶƚĂƌǇĂƐƚƌŽŶŽŵǇƚĞǆƚ
ƚŽĚĂǇǁ ŽƵůĚŽǀ ĞƌŇŽǁ ǁ ŝƚŚŝŶĨŽƌŵĂƟŽŶŽŶƚŚĞƐĞƐƵďũĞĐƚƐ͘ /ĚĞĐŝĚĞĚƚŽĮ ŶĚŽƵƚǁ ŚĂƚƚŚĞĂƵƚŚŽƌŚĂĚƚŽƐĂǇ
about stars.
He ﬁrst noted how many stars there were of each magnitude, and concluded there were 5905 stars
visible to the naked eye or, in other words, there were 5905 stars as bright or brighter than 6th magnitude.
, ĞƚŚĞŶĞǆƉůĂŝŶĞĚƚŚĂƚƚŚĞƌĂƟŽŽĨŵĂŐŶŝƚƵĚĞƐǁ ĂƐŝŶƚŚĞďƌŝŐŚƚŶĞƐƐƐĞƋƵĞŶĐĞϭϬϬ͕ Ϯϱ͕ ϭϮ͕ ϲ͕ Ϯ͕ ϭ͘ t ŚŝůĞ
ƚŚŝƐŵĂŝŶƚĂŝŶƐƚŚĞĐƵƌƌĞŶƚďƌŝŐŚƚŶĞƐƐƌĂƟŽŽĨϭϬϬƚŽŽŶĞĨŽƌĂĮ ǀ ĞŵĂŐŶŝƚƵĚĞĚŝī ĞƌĞŶĐĞ͕ ŝƚĐĞƌƚĂŝŶůǇ
ĚŽĞƐŶ͛ ƚĨŽůůŽǁ ƚŚĞĂƉƉƌŽǆŝŵĂƚĞůǇϮ͘ ϱďƌŝŐŚƚŶĞƐƐƌĂƟŽďĞƚǁ ĞĞŶŵĂŐŶŝƚƵĚĞƐŝŶǀ ŽŐƵĞƚŽĚĂǇ͘, ŝƐĞǆƉůĂŶĂͲ
ƟŽŶ͗ ͞ /ƚŝƐƉƌŽďĂďůĞƚŚĂƚƚŚĞƐĞǀ ĂƌŝĞƟĞƐŽĨďƌŝŐŚƚŶĞƐƐĂƌĞĐŚŝĞŇǇĐĂƵƐĞĚďǇĚŝī ĞƌĞŶĐĞŽĨĚŝƐƚĂŶĐĞƌĂƚŚĞƌ
than by diﬀerence in intrinsic splendor” is sound to a point, but we now recognize that most of the brightĞƐƚƐƚĂƌƐǀ ŝƐŝďůĞǁ ŝƚŚŽƵƚŽƉƟĐĂůĂŝĚĂƌĞƚŚŽƐĞƚŚĂƚŚĂǀ ĞĞǆƉĂŶĚĞĚŝŶƚŚĞŝƌŽůĚĂŐĞĂŶĚŚĂǀ ĞďĞĐŽŵĞƚƌƵůǇ
intrinsically brilliant.
&ŽůůŽǁ ŝŶŐƚŚƌĞĞƉĂŐĞƐƚŚĂƚĐŽǀ ĞƌĐŽŶƐƚĞůůĂƟŽŶƐ͕ ƚŚĞĂƵƚŚŽƌƚŚĞŶĚĞĂůƐǁ ŝƚŚ͞ ƚĞŵƉŽƌĂƌǇƐƚĂƌƐ͖ ͟ ŚŽǁ Ͳ
Ğǀ ĞƌŚĞĚŽĞƐŶŽƚĚŝī ĞƌĞŶƟĂƚĞďĞƚǁ ĞĞŶƐƵƉĞƌŶŽǀ ĂĞĂŶĚŽƌĚŝŶĂƌǇŽƌƌĞĐƵƌƌĞŶƚŶŽǀ ĂĞ͘ ^ƵƉĞƌŶŽǀ ĂĞǁ ĞƌĞ
ƵŶŚĞĂƌĚŽĨŝŶŚŝƐĚĂǇ͘>ŽŽŵŝƐĂůƐŽĂĚĚƌĞƐƐĞƐ͞ ƉĞƌŝŽĚŝĐƐƚĂƌƐ͕ ͟ ĐŝƟŶŐD ŝƌĂĂŶĚůŐŽůĂƐĞƉŽŶǇŵŽƵƐĞǆĂŵͲ
ples. He suggested that “temporary stars do not diﬀer from the periodic stars except in the length of their
periods.” He oﬀered theories to explain these phenomena, a couple of which are plausible today; others
ĂƌĞĨĂŶƚĂƐƟĐ͘ ŵŽŶŐƚŚĞĨŽƌŵĞƌĂƌĞƚŚĂƚĂĚĂƌŬŽƉĂƋƵĞďŽĚǇƌĞǀ Žůǀ ĞƐĂƌŽƵŶĚƚŚĞƐƚĂƌĂŶĚŝŶƚĞƌĐĞƉƚƐ
some of its light (Algol), or a “nebulous body of great extent” revolves around the star and obscures it
;D ŝƌĂ͕ ƉƌŽďĂďůǇ͕ĂůƚŚŽƵŐŚŚĞĚŝĚŶ͛ ƚƐĂǇƐŽͿ͘ K ŶƚŚĞĨĂŶƚĂƐƟĐƐŝĚĞŝƐŚŝƐŝĚĞĂƚŚĂƚƐŽŵĞƐƚĂƌƐŵĂǇďĞŇĂƚ
ĚŝƐĐƐƚŚĂƚ͕ ǁ ŚĞŶƚŚĞǇƌŽƚĂƚĞ͕ ƉĞƌŝŽĚŝĐĂůůǇƉƌĞƐĞŶƚƚŚĞŝƌĚŝŵƐůĞŶĚĞƌĞĚŐĞƚŽƵƐĂŶĚĂƚŽƚŚĞƌƟŵĞƐƉƌĞƐĞŶƚ
their bright ﬂat side. Since later he notes that stars are equivalent bodies to our sun, it seems Loomis has
ƚĂŬĞŶĂĚĞƉĂƌƚƵƌĞĨƌŽŵŶŽƚŽŶůǇŽďƐĞƌǀ ĂƟŽŶĂůĞǀ ŝĚĞŶĐĞ͕ ďƵƚĂůƐŽƚŚĞůĂǁ ƐŽĨƉŚǇƐŝĐƐ
, ĞŶĞǆƚĚĞƐĐƌŝďĞƐƵƐŝŶŐƉĂƌĂůůĂǆƚŽĚĞƚĞƌŵŝŶĞƚŚĞĚŝƐƚĂŶĐĞƚŽƐƚĂƌƐ͕ ƉŽŝŶƟŶŐŽƵƚƚŚĂƚƵŶƟůƌĞĐĞŶƚůǇ
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such measurements were impossible because no star has a parallax greater than one second of arc. In explaining how parallax is measured, he gives the parallax of two stars: Alpha Centauri at 0.92", and 61 Cygni
ĂƚϬ͘ ϰϱΗ͘D ŽĚĞƌŶǀ ĂůƵĞƐĂƌĞŵŽƌĞůŝŬĞϬ͘ ϳ ϱΗĂŶĚϬ͘ ϮϵΗ͕ƌĞƐƉĞĐƟǀ ĞůǇ͕ŵĂŬŝŶŐƚŚĞŵŵŽƌĞĚŝƐƚĂŶƚƚŚĂŶǁ ĂƐ
ƚŚŽƵŐŚƚŝŶ>ŽŽŵŝƐ͛ ƐƟŵĞ͘ , ĞĂůƐŽŶŽƚĞĚƚŚĂƚƐƚĞůůĂƌƐƉĞĐƚƌĂƌĞǀ ĞĂůƚŚĂƚƐƚĂƌƐĂƌĞŵĂĚĞƵƉŽĨƚŚĞƐĂŵĞƐƵďͲ
stances that appear here on Earth and in the sun. He cites sodium, magnesium, iron and hydrogen as
“widely diﬀused” among the stars.
, ĞĚŝƐĐƵƐĞƐƚŚĞ͞ ƉƌŽƉĞƌŵŽƟŽŶ͟ ŽĨƐƚĂƌƐǁ ŚŝĐŚ͕ Ğǀ ĞŶĨŽƌƚŚĞĨĂƐƚĞƐƚŵŽǀ ŝŶŐƐƚĂƌƐ͕ ŝƐŽŶůǇĂĐŽƵƉůĞŽĨ
ƐĞĐŽŶĚƐŽĨĂƌĐĂŶŶƵĂůůǇ͘dǁ ŽƌĞĂƐŽŶƐĂƌĞŐŝǀ ĞŶĨŽƌƚŚŝƐŵŽƟŽŶ͗ ƉĂƌƚŵĂǇďĞƚŚĂƚƚŚĞƐƚĂƌŚĂƐĂreal (italics
ŚŝƐͿŵŽƟŽŶƚŚƌŽƵŐŚƐƉĂĐĞ͕ ĂŶĚĂůƐŽƉĂƌƚůǇƚŚĂƚƚŚĞƐŽůĂƌƐǇƐƚĞŵŝƐŵŽǀ ŝŶŐƚŚƌŽƵŐŚƐƉĂĐĞĂƐǁ Ğůů͘>ŽŽŵŝƐ
ŶŽƚĞƐƚŚĂƚ^ŝƌt ŝůůŝĂŵ, ĞƌƐĐŚĞůĚĞƚĞƌŵŝŶĞĚƚŚĂƚƚŚĞƐŽůĂƌƐǇƐƚĞŵŝƐŵŽǀ ŝŶŐƚŽǁ ĂƌĚƚŚĞĐŽŶƐƚĞůůĂƟŽŶ, ĞƌĐƵͲ
ůĞƐ͕ ĂŶĚƚŚĂƚ^ƚƌƵǀ Ğ;ƚŚĞĂƵƚŚŽƌĚŝĚŶ͛ ƚƐĂǇǁ ŚŝĐŚŽŶĞŽĨƚŚŝƐĨĂŵŝůǇŽĨĂƐƚƌŽŶŽŵĞƌƐͿĞƐƟŵĂƚĞĚƚŚĂƚǁ ĞĂƌĞ
traveling about 150 million miles per year. Loomis deduces that since the sun is moving toward Hercules, it
must be revolving around a center of gravity located in the plane of the Milky Way ninety degrees from its
ĚŝƌĞĐƟŽŶŽĨƚƌĂǀ Ğů͕ƚŚĂƚŝƐ͕ ŝŶƚŚĞĐŽŶƐƚĞůůĂƟŽŶWĞƌƐĞƵƐ͘ dŽĚĂǇǁ ĞŬŶŽǁ ƚŚĞƐƵŶƌĞǀ Žůǀ ĞƐĂƌŽƵŶĚƚŚĞĐĞŶƚĞƌ
ŽĨƚŚĞŐĂůĂǆǇůŽĐĂƚĞĚŝŶ^ĂŐŝƩ ĂƌŝƵƐ͕ ĨĂƌĨƌŽŵWĞƌƐĞƵƐ͘ K ŶĞĐĂŶ͛ ƚƌĞĂůůǇĨĂƵůƚĂƐƚƌŽŶŽŵĞƌƐŽĨƚŚŝƐƟŵĞ͕ ƚŚĞǇ
ĚĞĚƵĐĞĚƚŚĞƐĞĚŝƌĞĐƟŽŶƐĂŶĚŵŽƟŽŶƐďǇŽďƐĞƌǀ ŝŶŐƚŚĞƌĞůĂƟǀ ĞŵŽƟŽŶƐŽĨŶĞĂƌďǇƐƚĂƌƐƚŚĂƚĂůůƐŚĂƌĞŽƵƌ
ŵŽƟŽŶĂƌŽƵŶĚƚŚĞŐĂůĂĐƟĐĐĞŶƚĞƌ͕ ǁ ŚŝĐŚǁ ĂƐǇĞƚƚŽďĞĚŝƐĐŽǀ ĞƌĞĚ
Loomis makes a case for most of the 6000 double stars then known to be true binaries revolving
around their common center of gravity, and not merely stars distant
from one another that happen to lie in
the same line of sight. He noted
ƚŚĂƚĂƌĂŶĚŽŵĚŝƐƚƌŝďƵƟŽŶŽĨƐƚĂƌƐ
ĐŽƵůĚŶĞǀ ĞƌƉƌŽĚƵĐĞƐŽŵĂŶǇƉĂŝƌƐ
ĂƉƉĞĂƌŝŶŐĐůŽƐĞƚŽŐĞƚŚĞƌƵŶůĞƐƐƚŚĞǇ
ǁ ĞƌĞŐƌĂǀ ŝƚĂƟŽŶĂůůǇďŽƵŶĚ͘ 
>ŽŽŵŝƐĐŽŵŵĞŶƚĞĚƚŚĂƚ, ĞƌƐĐŚĞůǁ ĂƐ
ƚŚĞĮ ƌƐƚƚŽŝŶǀ ĞƐƟŐĂƚĞƚŚĞŽƌďŝƚƐŽĨ
ďŝŶĂƌǇƐƚĂƌƐĂŶĚŚĂĚĨŽƵŶĚƚŚĂƚƚŚĞŝƌ
ŵŽƟŽŶǁ ĂƐĂƌŽƵŶĚĞĂĐŚŽƚŚĞƌ͘ 
Herschel had expected this procedure
would allow him to measure the
ĂŶŶƵĂůƉĂƌĂůůĂǆĐĂƵƐĞĚďǇĂƌƚŚ͛ ƐŽƌͲ
ďŝƚĂůŵŽƟŽŶĂďŽƵƚƚŚĞƐƵŶ;ĂƐŝƚ
would if the apparent pairs of stars
were really located at vastly diﬀerĞŶƚĚŝƐƚĂŶĐĞƐĨƌŽŵƵƐͿ͕ ďƵƚĨŽƵŶĚŝŶͲ
ƐƚĞĂĚƚŚŝƐŵƵĐŚŵŽƌĞŝŶƚĞƌĞƐƟŶŐ
ƉŚĞŶŽŵĞŶŽŶ͘ dŚĞƐĞŽƌďŝƚƐǁ ĞƌĞ
ĨŽƵŶĚƚŽďĞĞůůŝƉƟĐĂů͕ŽŌĞŶǁ ŝƚŚ
high eccentricity. By ﬁnding the distance from Earth to some of the
nearer binaries, Loomis points out, we
can determine their true distance
from each other from which, if we also
know their orbital period, we can
calculate their masses. Thus we ﬁnd
stars are not only made of the
same elements as the sun, but they
have comparable masses. While
Loomis didn’t claim it, this might be
one of the ﬁrst steps toward astrophysics.
K ŶĞĐĂŶ͛ ƚĨĂƵůƚƚŚĞĂƵƚŚŽƌĨŽƌƚŚĞůŝŵŝƚĂƟŽŶƐŽĨĂƐƚƌŽŶŽŵŝĐĂůŬŶŽǁ ůĞĚŐĞĂǀ ĂŝůĂďůĞŝŶƚŚĞŵŝĚĚůĞŽĨ
the nineteenth century, although the idea of ﬂat stars grates on me somewhat and seems out of keeping
ǁ ŝƚŚŚŝƐďĂĐŬŐƌŽƵŶĚĂŶĚĂĐŚŝĞǀ ĞŵĞŶƚƐ͘ >ŽŽŵŝƐǁ ĂƐ͕ ĂŌĞƌĂůů͕ĂƉƌŽĨĞƐƐŽƌĂƚzĂůĞŽůůĞŐĞ- a not too shabby
ŝŶƐƟƚƵƟŽŶ͘ 
, ŝƐĂĐĐŽŵƉůŝƐŚŵĞŶƚƐĞǆƚĞŶĚĞĚĨĂƌďĞǇŽŶĚƚŚĂƚ͘ ŽƌŶŝŶŽŶŶĞĐƟĐƵƚ͕ >ŽŽŵŝƐŐƌĂĚƵĂƚĞĚĨƌŽŵzĂůĞĂƚ
ĂŐĞŶŝŶĞƚĞĞŶŝŶϭϴϯ Ϭ͘ , Ğǁ ĞŶƚŽŶƚŽƚĞĂĐŚŵĂƚŚĞŵĂƟĐƐĂƚt ĞƐƚĞƌŶZĞƐĞƌǀ Ğ͕ ǁ ŚĞƌĞŚĞƐƵƉĞƌǀ ŝƐĞĚƚŚĞĐŽŶͲ
ƐƚƌƵĐƟŽŶŽĨƚŚĞŝƌŽďƐĞƌǀ ĂƚŽƌǇ͕ŽŶůǇƚŚĞƚŚŝƌĚĂƚĂĐŽůůĞŐĞĐĂŵƉƵƐŝŶƚŚŝƐĐŽƵŶƚƌǇ͕ĂŶĚĂƚƚŚĞh Ŷŝǀ ĞƌƐŝƚǇŽĨƚŚĞ
ŝƚǇŽĨE Ğǁ zŽƌŬ;E zh ŶŽǁ Ϳ͘ , Ğǁ ƌŽƚĞďŽŽŬƐŽŶĂůŐĞďƌĂ͕ ĂŶĂůǇƟĐŐĞŽŵĞƚƌǇ͕ƚƌŝŐŽŶŽŵĞƚƌǇĂŶĚĐĂůĐƵůƵƐ͘ 
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>ĂƚĞƌ͕ ŚĞƌĞĐĞŝǀ ĞĚŚŝƐĂƉƉŽŝŶƚŵĞŶƚƚŽzĂůĞǁ ŚĞƌĞŚĞĂůƐŽƚĂƵŐŚƚ>ĂƟŶ͘ , ĞĚŝĚƌĞƐĞĂƌĐŚŝŶŵĞƚĞŽƌŽůŽŐǇ͕ĞůĞĐͲ
ƚƌŝĐŝƚǇ͕ƚĞůĞŐƌĂƉŚǇ͕ĂƌƚŚ͛ ƐŵĂŐŶĞƟĐĮ ĞůĚ͕ ĂŶĚŵĂĚĞŽďƐĞƌǀ ĂƟŽŶƐŽĨŵĞƚĞŽƌƐ;ĚĞƚĞƌŵŝŶŝŶŐƚŚĞŝƌĂůƟƚƵĚĞƐͿ
and comets. He and a colleague were the ﬁrst Americans to observe the return of Halley’s comet in 1835. In
the Smithsonian Annual ReportĨŽƌϭϴϲϱŚĞŶŽƚĞĚĂƌĞůĂƟŽŶƐŚŝƉďĞƚǁ ĞĞŶĂƵƌŽƌĂƐĂŶĚƐƵŶƐƉŽƚĂĐƟǀ ŝƚǇ͘
ůůŝŶĂůů͕>ŽŽŵŝƐǁ ĂƐĂǀ ĞƌǇĂĐĐŽŵƉůŝƐŚĞĚƐĐŝĞŶƟƐƚĂŶĚŵĂƚŚĞŵĂƟĐŝĂŶ͘ >ŝǀ ŝŶŐĂĐĞŶƚƵƌǇĂŶĚĂŚĂůĨ
ĂŐŽĂĐĐŽƵŶƚƐĨŽƌŚŝƐůŝŵŝƚĂƟŽŶƐŽĨĂƐƚƌŽŶŽŵǇ͕ĞƐƉĞĐŝĂůůǇŽĨĚĞĞƉƐƉĂĐĞ͘ /ƐƵƉƉŽƐĞƐŽŵĞŽŶĞƌĞĂĚŝŶŐŽƵƌ
texts a century, or maybe only decades, from now will draw the same conclusions about us.
Rowland A. Rupp

Here is an example from the book.
This is page 157 where Loomis deƐĐƌŝďĞƐ ŝƌĞĐƚĂŶĚZĞƚƌŽŐƌĂĚĞŵŽƟŽŶ͘ 

The complete book is available to read here:
ŚƩ Ɖ͗ ͬ ͬ ǁ ǁ ǁ ͘ ƵŶǌ͘ŽƌŐͬ WƵďͬ >ŽŽŵŝƐůŝĂƐ-1870
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Quintessence
A New Look At An Old Idea
By
Randy Boswell
dŚĞĞĂƌůǇƉĂƌƚŽĨƚŚĞƚǁ ĞŶƟĞƚŚĐĞŶƚƵƌǇǁ ŝƚŶĞƐƐĞĚƚŚĞĚŝƐĐŽǀ ĞƌǇƚŚĂƚƚŚĞƵŶŝǀ ĞƌƐĞŝƐĞǆƉĂŶĚŝŶŐ͘ dŚŝƐŝŶĞǆŽƌĂďůǇůĞĚ
ƚŽƚŚĞƉƌŽĨŽƵŶĚĐŽŶĐůƵƐŝŽŶƚŚĂƚƚŚĞƵŶŝǀ ĞƌƐĞŚĂĚĂďĞŐŝŶŶŝŶŐŝŶƟŵĞĨƌŽŵĂƉŽŝŶƚƐŽƵƌĐĞ͕ ŶŽǁ ŬŶŽǁ ŶĂƐƚŚĞďŝŐ
ďĂŶŐ͘ dŚĞŶ͕ ĂƚƚŚĞĞŶĚŽĨƚŚĞƚǁ ĞŶƟĞƚŚĐĞŶƚƵƌǇĂƐƚƌŽŶŽŵĞƌƐŵĂĚĞĂŶĞƋƵĂůůǇƉƌŽĨŽƵŶĚĚŝƐĐŽǀ ĞƌǇ͘dǁ ŽŝŶĚĞƉĞŶĚͲ
ĞŶƚƚĞĂŵƐŽĨƌĞƐĞĂƌĐŚĞƌƐƐƚƵĚǇŝŶŐƚŚĞ ŽƉƉůĞƌŽƌƌĞĚƐŚŝŌƐŽĨĚŝƐƚĂŶƚdǇƉĞϭĂƐƵƉĞƌŶŽǀ ĂĞĐĂŵĞƚŽƚŚĞĐŽŶĐůƵƐŝŽŶ
that the universe is expanding at an accelerated rate. Astronomers dubbed the driving force behind this expansion, dark energy.
Researchers- notably Robert R. Caldwell, Rahul Dave and Paul Steinhardt of the University of Pennsylvania
- later named this repulsive force, quintessence. The name is derived from an ancient idea of Aristotle. In AristoƚůĞ͛ ƐƟŵĞƚŚĞƵŶŝǀ ĞƌƐĞǁ ĂƐďĞůŝĞǀ ĞĚƚŽďĞĐŽŵƉŽƐĞĚŽĨĞĂƌƚŚ͕ Ăŝƌ͕ Į ƌĞĂŶĚǁ ĂƚĞƌ͕ ƉůƵƐĂŶŝŶǀ ŝƐŝďůĞ͞ Į ŌŚĞůĞŵĞŶƚŽƌ
ĞƐƐĞŶĐĞ͕ ͟ ǁ ŚŝĐŚƌŝƐƚŽƚůĞŝŶǀ ŽŬĞĚĨŽƌƚŚĞĐĞůĞƐƟĂůƐƉŚĞƌĞŽĨƚŚĞƐƚĂƌƐĂŶĚƉůĂŶĞƚƐĂŶĚŬŶŽǁ ŶŝŶĂŶĐŝĞŶƚƟŵĞƐĂƐ
ƚŚĞĞƚŚĞƌ͘ ĐĐŽƌĚŝŶŐƚŽƌŝƐƚŽƚůĞ͕ ƚŚŝƐĮ ŌŚĞůĞŵĞŶƚƉƌĞǀ ĞŶƚĞĚƚŚĞŵŽŽŶĂŶĚƉůĂŶĞƚƐĨƌŽŵĨĂůůŝŶŐƚŽƚŚĞĐĞŶƚĞƌŽĨ
ƚŚĞĐĞůĞƐƟĂůƐƉŚĞƌĞ͘ dƌĂŶƐůĂƚĞĚŝŶƚŽ>ĂƟŶ͕ ƚŚŝƐ͞ Į ŌŚĞƐƐĞŶĐĞ͟ ďĞĐĂŵĞŬŶŽǁ ŶĂƐƋƵŝŶƚĂĞƐƐĞŶƟĂ. Quintessence,
therefore, is a modern re-ŝŶƚĞƌƉƌĞƚĂƟŽŶŽĨƌŝƐƚŽƚůĞ͛ ƐŽůĚŝĚĞĂ͘ /ƚŝƐĂƚŚĞŽƌĞƟĐĂůŵŽĚĞůŽĨǁ ŚĞƌĞĚĂƌŬĞŶĞƌŐǇ
ĐŽŵĞƐĨƌŽŵ͘ dŚĞƚĞƌŵƌĞĨĞƌƐƚŽĂĚǇŶĂŵŝĐĂůƋƵĂŶƚƵŵĮ ĞůĚ͕ ŶŽƚƵŶůŝŬĞĂŶĞůĞĐƚƌŝĐĂůŽƌŵĂŐŶĞƟĐĮ ĞůĚƚŚĂƚŐƌĂǀ ŝƚĂͲ
ƟŽŶĂůůǇƌĞƉĞůƐK ƐƚƌŝŬĞƌĂŶĚ^ƚĞŝŶŚĂƌĚƚ͕ ϮϬϬϭ͘ 
dŚĞĐŽŶĐĞƉƚŝƐďĂƐĞĚŽŶƚŚĞŶŽƟŽŶƚŚĂƚĞŶĞƌŐǇŝƐŝŶŚĞƌĞŶƚŝŶƚŚĞĨĂďƌŝĐŽĨƐƉĂĐĞ͘ /͘ Ğ͘ ͕ ĂƉƵƌĞůǇĞŵƉƚǇǀ ŽůͲ
ume of space is said to exert energy or force, which is otherwise known as vacuum energy. But whereas vacuum
ĞŶĞƌŐǇŵĂŝŶƚĂŝŶƐƚŚĞƐĂŵĞǀ ĂůƵĞ͕ ƚŚĞĚǇŶĂŵŝĐƐŽĨƋƵŝŶƚĞƐƐĞŶĐĞŝƐƐĂŝĚƚŽĐŚĂŶŐĞŽǀ ĞƌƟŵĞĂŶĚǀ ĂƌǇǁ ŝƚŚůŽĐĂƟŽŶ
[Tate, 2009].
/ƚŝƐƚŚĞŽƌŝǌĞĚƚŚĂƚƋƵŝŶƚĞƐƐĞŶĐĞďĞĐĂŵĞƚŚĞĚŽŵŝŶĂƟŶŐĨŽƌĐĞŝŶƚŚĞƵŶŝǀ ĞƌƐĞĂďŽƵƚϭϬďŝůůŝŽŶǇĞĂƌƐĂŐŽ͘ 
Speciﬁcally, it is said that dark energy was created when the universe was 10^-35 second old, but did not cause the
universe to accelerate for another half-dozen or so billion years [Wanjek, n.d.]. It is suggested that quintessence
ƚƵƌŶĞĚŽŶĚƵƌŝŶŐƚŚĞƚƌĂŶƐŝƟŽŶĨƌŽŵĂƌĂĚŝĂƟŽŶƚŽŵĂƩ Ğƌ-dominated universe , when it was cool enough for atoms and eventually stars to form [Wanjek, n.d.].
This is signiﬁcant because quintessence seams to answer what cosmologists call the problem of ﬁne-tuning
or coincidence. The basic idea behind this is that if the universe had expanded too rapidly from what is observed
ƚŽĚĂǇ͕ƐƉĂĐĞǁ ŽƵůĚŚĂǀ ĞďůŽǁ ŶĂƉĂƌƚƚŽƐƵĐŚĂĚĞŐƌĞĞƚŽƉƌĞĐůƵĚĞĐŚƵŶŬƐŽĨŵĂƩ ĞƌĨƌŽŵĨŽƌŵŝŶŐŝŶƚŽƐƚĂƌƐĂŶĚ
ƉůĂŶĞƚƐ͘ /Ĩ͕ ŽŶƚŚĞŽƚŚĞƌŚĂŶĚ͕ ƚŚĞĞǆƉĂŶƐŝŽŶŽĨƚŚĞƵŶŝǀ ĞƌƐĞǁ ĂƐŶŽƚƐƵĸ ĐŝĞŶƚĞŶŽƵŐŚ͕ ƚŚĞŵƵƚƵĂůĂƩ ƌĂĐƟŽŶŽĨ
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ŵĂƩ Ğƌ͕ ƚŚĞŶƉƌĞƐĞŶƚ͕ ǁ ŽƵůĚŚĂǀ ĞĐĂƵƐĞĚƚŚĞƵŶŝǀ ĞƌƐĞƚŽĐŽůůĂƉƐĞŝŶŽŶŝƚƐĞůĨ͘ 
More speciﬁcally, vacuum energy cannot account for the ﬁne-tuned expansion rate. This is because in the
nascent universe the vacuum energy could not have been very signiﬁcant [Siegfried, 2004]. This is in accord with the
ŝĚĞĂƚŚĂƚƚŚĞŵĂƩ ĞƌĚĞŶƐŝƚǇ;ŝ͘ Ğ͘ ͕ ŵĂƩ ĞƌĚĞŶƐŝƚǇĞǆĞƌƚƐǁ ŚĂƚƉŚǇƐŝĐŝƐƚƐĐĂůůĂƉŽƐŝƟǀ ĞĨŽƌĐĞŽƌŐƌĂǀ ŝƚĂƟŽŶĂůĂƩ ƌĂĐͲ
ƟŽŶ͕ ǁ ŚĞƌĞĂƐǀ ĂĐƵƵŵĞŶĞƌŐǇĞǆĞƌƚƐǁ ŚĂƚŝƐĂĐĂůůĞĚĂŶĞŐĂƟǀ ĞŽƌƌĞƉƵůƐŝǀ ĞĨŽƌĐĞͿĞǆĞƌƚĞĚĂŐƌĞĂƚĞƌƉŽƐŝƟǀ ĞĨŽƌĐĞ
ƚŚĂŶƚŚĞŶĞŐĂƟǀ ĞĨŽƌĐĞŽĨǀ ĂĐƵƵŵĞŶĞƌŐǇ͘dŚĞƌĞĨŽƌĞ͕ ŝĨƚŚĞǀ ĂĐƵƵŵĞŶĞƌŐǇǁ ĂƐŐƌĞĂƚĞƌƚŚĂŶƚŚĞŵĂƩ ĞƌĚĞŶƐŝƚǇƚŚĞ
ƵŶŝǀ ĞƌƐĞǁ ŽƵůĚŚĂǀ ĞĞǆƉĂŶĚĞĚƚŽŽƌĂƉŝĚůǇĨŽƌŵĂƩ ĞƌƚŽĐŽŶĚĞŶƐĞŝŶƚŽĐĞůĞƐƟĂůďŽĚŝĞƐ͘ dŚŝƐŝƐƐƵƉƉŽƌƚĞĚďǇƚŚĞĨĂĐƚ
ƚŚĂƚĂĐĐŽƌĚŝŶŐƚŽĐĂůĐƵůĂƟŽŶƐĞŵƉƚǇƐƉĂĐĞƐŚŽƵůĚƉƌŽĚƵĐĞĂŶĂŵŽƵŶƚŽĨǀ ĂĐƵƵŵĞŶĞƌŐǇƚŚĂƚŝƐůĂƌŐĞƌƚŚĂŶǁ ŚĂƚŝƐ
actually observed by a factor of 10 to the 120th power [Siegfried, 2004]. What accounts for the lessening of much of
ƚŚĞǀ ĂĐƵƵŵĞŶĞƌŐǇ͍ ŶĚǁ ŚĂƚĂĐĐŽƵŶƚƐĨŽƌƚŚĞŝĚĞĂƚŚĂƚƋƵŝŶƚĞƐƐĞŶĐĞƚƵƌŶĞĚŽŶĚƵƌŝŶŐƚŚĞƚƌĂŶƐŝƟŽŶĨƌŽŵĂƌĂĚŝĂͲ
ƟŽŶƚŽŵĂƩ Ğƌ-dominated universe? Cosmologists have termed this the Nancy Kerrigan Problem -ŶĂŵĞĚĂŌĞƌƚŚĞ
ﬁgure skater by that name who was injured in the knee shortly before the 1994 Winter Olympics, which prompted
ŚĞƌƚŽƉůĂŝŶƟǀ ĞůǇĂƐŬt ŚǇŵĞ͍ t ŚǇŶŽǁ ͍
Regarding this, cosmologists have suggested that quintessence is a tracker ﬁeld. According to physicists a
ƚƌĂĐŬĞƌĮ ĞůĚŝƐĂĮ ĞůĚǁ ŚŝĐŚ͞ ƚƌĂĐŬƐ͟ ŽƌƚĂŬĞƐŽŶƚŚĞƉƌŽƉĞƌƟĞƐŽĨŝƚƐƐƵƌƌŽƵŶĚŝŶŐĞŶǀ ŝƌŽŶŵĞŶƚ͘ ĐĐŽƌĚŝŶŐƚŽƚŚŝƐƐĐĞͲ
nario, quintessence as a tracker ﬁeld adjusted its value or energy density (i.e., the factor that determines the degree
ŽĨĨŽƌĐĞ͕ ďĞŝƚƉŽƐŝƟǀ ĞŽƌŶĞŐĂƟǀ ĞƚŚĂƚŝƐĞǆĞƌƚĞĚͿƚŽƚŚĞƉƌĞĚŽŵŝŶĂƟŶŐĨŽƌŵŽĨĞŶĞƌŐǇƚŚĞŶƉƌĞƐĞŶƚ͘ K ƌ͕ ŵŽƌĞƐƉĞͲ
ciﬁcally, it locks into a track on which its energy density remains
ĂŶĞĂƌůǇĐŽŶƐƚĂŶƚĨƌĂĐƟŽŶŽĨƚŚĞĚĞŶƐŝƚǇŽĨƌĂĚŝĂƟŽŶĂŶĚŵĂƩ Ğƌ
[Ostriker and Steinhardt, 2001]. According to the Standard ModĞů͕ƚŚĞŶĂƐĐĞŶƚƵŶŝǀ ĞƌƐĞĮ ƌƐƚĐŽŶƐŝƐƚĞĚŵĂŝŶůǇŽĨƌĂĚŝĂƟŽŶ͘ dŚĞŶ͕ 
ĂƐƚŚĞƵŶŝǀ ĞƌƐĞĐŽŽůĞĚƚŚĞĞŶĞƌŐǇĐŽŶƚĞŶƚŽĨƌĂĚŝĂƟŽŶĚĞĐƌĞĂƐĞĚ
ŵŽƌĞƌĂƉŝĚůǇƚŚĂŶƚŚĂƚŽĨŵĂƩ Ğƌ͘ &ŝŶĂůůǇ͕ŵĂƩ ĞƌƚŽŽŬŽǀ ĞƌĂŶĚ
ƚŚĞĞŶĞƌŐǇďĂůĂŶĐĞƐŚŝŌĞĚŝŶĨĂǀ ŽƌŽĨŵĂƩ Ğƌ͘ ĐĐŽƌĚŝŶŐůǇ͕ŝƚŚĂƐ
been suggested that quintessence was an insigniﬁcant factor
ǁ ŚŝůĞŝƚƚƌĂĐŬĞĚƚŚĞƌĂĚŝĂƟŽŶĞŶĞƌŐǇ͕ďƵƚǁ ŚĞŶŵĂƩ ĞƌďĞĐĂŵĞ
dominant quintessence underwent a change and exerted a negaƟǀ Ğǀ ĂůƵĞŽƌƉƌĞƐƐƵƌĞĂŶĚǁ ŚŝĐŚĞǀ ĞŶƚƵĂůůǇůĞĚƚŽƚŚĞĐŽƐŵŝĐĂĐĐĞůĞƌĂƟŽŶŽĨƚŽĚĂǇ͘
/ŶĐŽŶĐůƵƐŝŽŶ͕ ƋƵŝŶƚĞƐƐĞŶĐĞŝƐĂŚǇƉŽƚŚĞƟĐĂůĂŶĚŵǇƐƚĞƌŝŽƵƐĮ ĞůĚĂďŽƵƚǁ ŚŝĐŚƐĐŽƌĞƐŽĨƉĂƉĞƌƐŚĂǀ ĞďĞĞŶ
ƉƌŽĚƵĐĞĚŝŶƚŚĞƐĐŝĞŶƟĮ ĐĐŽŵŵƵŶŝƚǇ͘/ŶƚŚŝƐĐŽŶŶĞĐƟŽŶŝƚŝƐŝŶƚĞƌĞƐƟŶŐƚŽŶŽƚĞƚŚĂƚŝŶƐƚĞŝŶ͛ ƐŐĞŶĞƌĂůƌĞůĂƟǀ ŝƚǇĮ ĞůĚ
ƚŚĞŽƌǇǁ ĂƐŝŶŝƟĂůůǇƚŚŽƵŐŚƚƚŽďĞŚǇƉŽƚŚĞƟĐĂůƵŶƟůŝƚǁ ĂƐǀ ĂůŝĚĂƚĞĚŵĂŶǇĚĞĐĂĚĞƐůĂƚĞƌ͘ ^ŝŵŝůĂƌůǇ͕ƚŚĞƚŚĞŽƌǇŽĨ
quintessence remains yet to be validated as researchers learn more about the universe in the years ahead. End.
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