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Featured Article:

Dark Energy: The Biggest Mystery in the Universe
Written by Richard Panek

Sourced from: Smithsonian Magazine

Twice a day, seven days a week, from February
to November for the past four years, two
researchers have layered themselves with
thermal underwear and outerwear, with fleece,
flannel, double gloves, double socks, padded
overalls and puffy red parkas, mummifying
themselves until they look like twin Michelin Men.
Then they step outside, trading the warmth and
modern conveniences of a science station
(foosball, fitness center, 24-hour cafeteria) for a
minus-100-degree Fahrenheit featureless
landscape, flatter than Kansas and one of the
coldest places on the planet. They trudge in
darkness nearly a mile, across a plateau of snow
and ice, until they discern, against the backdrop
of more stars than any hands-in-pocket backyard
observer has ever seen, the silhouette of the
giant disk of the South Pole Telescope, where
they join a global effort to solve possibly the
greatest riddle in the universe: what most of it is
made of.
For thousands of years our species has studied
the night sky and wondered if anything else is out
there. Last year we celebrated the 400th
anniversary of Galileo’s answer: Yes. Galileo
trained a new instrument, the telescope, on the
heavens and saw objects that no other person
had ever seen: hundreds of stars, mountains on
the Moon, satellites of Jupiter. Since then we
have found more than 400 planets around other
stars, 100 billion stars in our galaxy, hundreds of
billions of galaxies beyond our own, even the
faint radiation that is the echo of the Big Bang.

Now scientists think that even this
extravagant census of the universe might be
as out-of-date as the five-planet cosmos that
Galileo inherited from the ancients.
Astronomers have compiled evidence that
what we’ve always thought of as the actual
universe—me, you, this magazine, planets,
stars, galaxies, all the matter in space—
represents a mere 4 percent of what’s
actually out there. The rest they call, for
want of a better word, dark: 23 percent is
something they call dark matter, and 73
percent is something even more mysterious,
which they call dark energy.
“We have a complete inventory of the
universe,” Sean Carroll, a California Institute
of Technology cosmologist, has said, “and it
makes no sense.”
Scientists have some ideas about what dark
matter might be—exotic and still hypothetical
particles—but they have hardly a clue about
dark energy. In 2003, the National Research
Council listed “What Is the Nature of Dark
Energy?” as one of the most pressing
scientific problems of the coming decades.
The head of the committee that wrote the
report, University of Chicago cosmologist
Michael S. Turner, goes further and ranks
dark energy as “the most profound mystery
in all of science.”
The effort to solve it has mobilized a
generation of astronomers in a rethinking of
physics and cosmology to rival and perhaps
surpass the revolution Galileo inaugurated
on an autumn evening in Padua. They are
coming to terms with a deep irony: it is sight
itself that has blinded us to nearly the entire
universe. And the recognition of this
blindness, in turn, has inspired us to ask, as
if for the first time: What is this cosmos we

All images featured in the article are derived from Smithsonian.com.

call home?
Scientists reached a consensus in the 1970s that
there was more to the universe than meets the
eye. In computer simulations of our galaxy, the
Milky Way, theorists found that the center would
not hold—based on what we can see of it, our
galaxy doesn’t have enough mass to keep
everything in place. As it rotates, it should
disintegrate, shedding stars and gas in every
direction. Either a spiral galaxy such as the Milky
Way violates the laws of gravity, or the light
emanating from it—from the vast glowing clouds
of gas and the myriad stars—is an inaccurate
indication of the galaxy’s mass.
But what if some portion of a galaxy’s mass didn’t
radiate light? If spiral galaxies contained enough
of such mystery mass, then they might well be
obeying the laws of gravity. Astronomers dubbed
the invisible mass “dark matter.”
“Nobody ever told us that all matter
radiated,”Vera Rubin, an astronomer whose
observations of galaxy rotations provided
evidence for dark matter, has said. “We just
assumed that it did.”
The effort to understand dark matter defined
much of astronomy for the next two decades.
Astronomers may not know what dark matter is,
but inferring its presence allowed them to pursue
in a new way an eternal question: What is the
fate of the universe?
discovered that distant galaxies were moving
away from us and that the farther away they got,
the faster they seemed to be receding.
This was a radical idea. Instead of the stately,
eternally unchanging still life that the universe
once appeared to be, it was actually alive in time,
like a movie. Rewind the film of the expansion
and the universe would eventually reach a state
of infinite density and energy—what astronomers
call the Big Bang. But what if you hit fastforward? How would the story end?
The universe is full of matter, and matter attracts
other matter through gravity. Astronomers
reasoned that the mutual attraction among all
that matter must be slowing down the expansion
of the universe. But they didn’t know what the

ultimate outcome would be. Would the
gravitational effect be so forceful that the
universe would ultimately stretch a certain
distance, stop and reverse itself, like a ball
tossed into the air? Or would it be so slight
that the universe would escape its grasp and
never stop expanding, like a rocket leaving
Earth’s atmosphere? Or did we live in an
exquisitely balanced universe, in which
gravity ensures a Goldilocks rate of
expansion neither too fast nor too slow—so
the universe would eventually come to a
virtual standstill?
Assuming the existence of dark matter and
that the law of gravitation is universal, two
teams of astrophysicists—one led by Saul
Perlmutter, at the Lawrence Berkeley
National Laboratory, the other by Brian
Schmidt, at Australian National University—
set out to determine the future of the
universe. Throughout the 1990s the rival
teams closely analyzed a number of
exploding stars, or supernovas, using those
unusually bright, short-lived distant objects
to gauge the universe’s growth. They knew
how bright the supernovas should appear at
different points across the universe if the
rate of expansion were uniform. By
comparing how much brighter the
supernovas actually did appear,
astronomers figured they could determine
how much the expansion of the universe
was slowing down. But to the astronomers’
surprise, when they looked as far as halfway
across the universe, six or seven billion
light-years away, they found that the
supernovas weren’t brighter—and therefore
nearer—than expected. They were
dimmer—that is, more distant. The two
teams both concluded that the expansion of
the universe isn’t slowing down. It’s
speeding up.
The implication of that discovery was
momentous: it meant that the dominant force
in the evolution of the universe isn’t gravity.
It is...something else. Both teams
announced their findings in 1998. Turner
gave the “something” a nickname: dark

energy. It stuck. Since then, astronomers have
pursued the mystery of dark energy to the ends
of the Earth—literally.
“The South Pole has the harshest environment
on Earth, but also the most benign,” says William
Holzapfel, a University of California at Berkeley
astrophysicist who was the on-site lead
researcher at the South Pole Telescope (SPT)
when I visited.
He wasn’t referring to the weather, though in the
week between Christmas and New Year’s Day—
early summer in the Southern Hemisphere—the
Sun shone around the clock, the temperatures
were barely in the minus single digits (and one
day even broke zero), and the wind was mostly
calm. Holzapfel made the walk from the National
Science Foundation’s Amundsen-Scott South
Pole Station (a snowball’s throw from the
traditional site of the pole itself, which is marked
with, yes, a pole) to the telescope wearing jeans
and running shoes. One afternoon the
telescope’s laboratory building got so warm the
crew propped open a door.
But from an astronomer’s perspective, not until
the Sun goes down and stays down—March
through September— does the South Pole get
“benign.”
“It’s six months of uninterrupted data,” says
Holzapfel. During the 24-hour darkness of the
austral autumn and winter, the telescope
operates nonstop under impeccable conditions
for astronomy. The atmosphere is thin (the pole
is more than 9,300 feet above sea level, 9,000 of
which are ice). The atmosphere is also stable,
due to the absence of the heating and cooling
effects of a rising and setting Sun; the pole has
some of the calmest winds on Earth, and they
almost always blow from the same direction.
Perhaps most important for the telescope, the air
is exceptionally dry; technically, Antarctica is a
desert. (Chapped hands can take weeks to heal,
and perspiration isn’t really a hygiene issue, so
the restriction to two showers a week to conserve
water isn’t much of a problem. As one pole
veteran told me, “The moment you go back

through customs at Christchurch [New
Zealand], that’s when you’ll need a
shower.”) The SPT detects microwaves, a
part of the electromagnetic spectrum that is
particularly sensitive to water vapor. Humid
air can absorb microwaves and prevent
them from reaching the telescope, and
moisture emits its own radiation, which could
be misread as cosmic signals.
To minimize these problems, astronomers
who analyze microwaves and submillimeter
waves have made the South Pole a second
home. Their instruments reside in the Dark
Sector, a tight cluster of buildings where light
and other sources of electromagnetic
radiation are kept to a minimum. (Nearby are
the Quiet Sector, for seismology research,
and the Clean Air Sector, for climate
projects.)
Astronomers like to say that for more pristine
observing conditions, they would have to go
into outer space—an exponentially more
expensive proposition, and one that
NASA generally doesn’t like to pursue
unless the science can’t easily be done on
Earth. (A dark energy satellite has been on
and off the drawing board since 1999, and
last year went “back to square one,”
according to one NASA adviser.) At least on
Earth, if something goes wrong with an
instrument, you don’t need to commandeer a
space shuttle to fix it.
The United States has maintained a yearround presence at the pole since 1956, and
by now the National Science Foundation’s
U.S. Antarctic Program has gotten life there
down to, well, a science. Until 2008, the
station was housed in a geodesic dome
whose crown is still visible above the snow.
The new base station resembles a small
cruise ship more than a remote outpost and
sleeps more than 150, all in private quarters.
Through the portholes that line the two
floors, you can contemplate a horizon as
hypnotically level as any ocean’s. The new
station rests on lifts that, as snow
accumulates, allow it to be jacked up two full

stories.
The snowfall in this ultra-arid region may be
minimal, but that which blows in from the
continent’s edges can still make a mess, creating
one of the more mundane tasks for the SPT’s
winter-over crew. Once a week during the dark
months, when the station population shrinks to
around 50, the two on-site SPT researchers have
to climb into the telescope’s 33-foot-wide
microwave dish and sweep it clean. The
telescope gathers data and sends it to the
desktops of distant researchers. The two “winterovers” spend their days working on the data, too,
analyzing it as if they were back home. But when
the telescope hits a glitch and an alarm on their
laptops sounds, they have to figure out what the
problem is—fast.
“An hour of down time is thousands of dollars of
lost observing time,” says Keith Vanderlinde, one
of 2008’s two winter-overs. “There are always
little things. A fan will break because it’s so dry
down there, all the lubrication goes away. And
then the computer will overheat and turn itself off,
and suddenly we’re down and we have no idea
why.” At that point, the environment might not
seem so “benign” after all. No flights go to or
from the South Pole from March to October (a
plane’s engine oil would gelatinize), so if the
winter-overs can’t fix whatever is broken, it stays
broken—which hasn’t yet happened.
More than most sciences, astronomy depends on
the sense of sight; before astronomers can
reimagine the universe as a whole, they first
have to figure out how to perceive the dark parts.
Knowing what dark matter is would help
scientists think about how the structure of the
universe forms. Knowing what dark energy does
would help scientists think about how that
structure has evolved over time—and how it will
continue to evolve.
Scientists have a couple of candidates for the
composition of dark matter—hypothetical
particles called neutralinos and axions. For dark
energy, however, the challenge is to figure out
not what it is but what it’s like. In particular,
astronomers want to know if dark energy
changes over space and time, or whether it’s

constant. One way to study it is to measure
so-called baryon acoustic oscillations. When
the universe was still in its infancy, a mere
379,000 years old, it cooled sufficiently for
baryons (particles made from protons and
neutrons) to separate from photons (packets
of light). This separation left behind an
imprint—called the cosmic microwave
background—that can still be detected
today. It includes sound waves (“acoustic
oscillations”) that coursed through the infant
universe. The peaks of those oscillations
represent regions that were slightly denser
than the rest of the universe. And because
matter attracts matter through gravity, those
regions grew even denser as the universe
aged, coalescing first into galaxies and then
into clusters of galaxies. If astronomers
compare the original cosmic microwave
background oscillations with the distribution
of galaxies at different stages of the
universe’s history, they can measure the
rate of the universe’s expansion.
Another approach to defining dark energy
involves a method called gravitational
lensing. According to Albert Einstein’s theory
of general relativity, a beam of light traveling
through space appears to bend because of
the gravitational pull of matter. (Actually, it’s
space itself that bends, and light just goes
along for the ride.) If two clusters of galaxies
lie along a single line of sight, the
foreground cluster will act as a lens that
distorts light coming from the background
cluster. This distortion can tell astronomers
the mass of the foreground cluster. By
sampling millions of galaxies in different
parts of the universe, astronomers should be
able to estimate the rate at which galaxies
have clumped into clusters over time, and
that rate in turn will tell them how fast the
universe expanded at different points in its
history.
The South Pole Telescope uses a third
technique, called the Sunyaev-Zel’dovich
effect, named for two Soviet physicists,
which draws on the cosmic microwave
background. If a photon from the latter

interacts with hot gas in a cluster, it experiences
a slight increase in energy. Detecting this energy
allows astronomers to map those clusters and
measure the influence of dark energy on their
growth throughout the history of the universe.
That, at least, is the hope. “A lot of people in the
community have developed what I think is a
healthy skepticism. They say, ‘That’s great, but
show us the money,’” says Holzapfel. “And I think
within a year or two, we’ll be in a position to be
able to do that.”
The SPT team focuses on galaxy clusters
because they are the largest structures in the
universe, often consisting of hundreds of
galaxies—they are one million billion times the
mass of the Sun. As dark energy pushes the
universe to expand, galaxy clusters will have a
harder time growing. They will become more
distant from one another, and the universe will
become colder and lonelier.
Galaxy clusters “are sort of like canaries in a coal
mine in terms of structure formation,” Holzapfel
says. If the density of dark matter or the
properties of dark energy were to change, the
abundance of clusters “would be the first thing to
be altered.” The South Pole Telescope should be
able to track galaxy clusters over time. “You can
say, ‘At so many billion years ago, how many
clusters were there, and how many are there
now?’” says Holzapfel. “And then compare them
to your predictions.”
Yet all these methods come with a caveat. They
assume that we sufficiently understand gravity,
which is not only the force opposing dark energy
but has been the very foundation of physics for
the past four centuries.
Twenty times a second, a laser high in the
Sacramento Mountains of New Mexico aims a
pulse of light at the Moon, 239,000 miles away.
The beam’s target is one of three suitcase-size
reflectors that Apollo astronauts planted on the
lunar surface four decades ago. Photons from
the beam bounce off the mirror and return to New
Mexico. Total round-trip travel time: 2.5 seconds,
more or less.

That “more or less” makes all the difference.
By timing the speed-of-light journey,
researchers at the Apache Point
Observatory Lunar Laser-ranging Operation
(APOLLO) can measure the Earth-Moon
distance moment to moment and map the
Moon’s orbit with exquisite precision. As in
the apocryphal story of Galileo dropping
balls from the Leaning Tower of Pisa to test
the universality of free fall, APOLLO treats
the Earth and Moon like two balls dropping
in the gravitational field of the Sun. Mario
Livio, an astrophysicist at the Space
Telescope Science Institute in Baltimore,
calls it an “absolutely incredible experiment.”
If the orbit of the Moon exhibits even the
slightest deviation from Einstein’s
predictions, scientists might have to rethink
his equations—and perhaps even the
existence of dark matter and dark energy.
“So far, Einstein is holding,” says one of
APOLLO’s lead observers, astronomer
Russet McMillan, as her five-year project
passes the halfway point.
Even if Einstein weren’t holding, researchers
would first have to eliminate other
possibilities, such as an error in the measure
of the mass of the Earth, Moon or Sun,
before conceding that general relativity
requires a corrective. Even so, astronomers
know that they take gravity for granted at
their own peril. They have inferred the
existence of dark matter due to its
gravitational effects on galaxies, and the
existence of dark energy due to its antigravitational effects on the expansion of the
universe. What if the assumption underlying
these twin inferences—that we know how
gravity works—is wrong? Can a theory of
the universe even more outlandish than one
positing dark matter and dark energy
account for the evidence? To find out,
scientists are testing gravity not only across
the universe but across the tabletop. Until
recently, physicists hadn’t measured gravity
at extremely close ranges.
“Astonishing, isn’t it?” says Eric Adelberger,
the coordinator of several gravity

experiments taking place in a laboratory at the
University of Washington, Seattle. “But it wouldn’t
be astonishing if you tried to do it”—if you tried to
test gravity at distances shorter than a millimeter.
Testing gravity isn’t simply a matter of putting two
objects close to each other and measuring the
attraction between them. All sorts of other things
may be exerting a gravitational influence.
“There’s metal here,” Adelberger says, pointing
to a nearby instrument. “There’s a hillside over
here”—waving toward some point past the
concrete wall that encircles the laboratory.
“There’s a lake over there.” There’s also the
groundwater level in the soil, which changes
every time it rains. Then there’s the rotation of
the Earth, the position of the Sun, the dark matter
at the heart of our galaxy.
Over the past decade the Seattle team has
measured the gravitational attraction between
two objects at smaller and smaller distances,
down to 56 microns (or 1/500 of an inch), just to
make sure that Einstein’s equations for gravity
hold true at the shortest distances, too. So far,
they do.
But even Einstein recognized that his theory of
general relativity didn’t entirely explain the
universe. He spent the last 30 years of his life
trying to reconcile his physics of the very big with
the physics of the very small—quantum
mechanics. He failed.
Theorists have come up with all sorts of
possibilities in an attempt to reconcile general
relativity with quantum mechanics: parallel
universes, colliding universes, bubble universes,
universes with extra dimensions, universes that
eternally reproduce, universes that bounce from
Big Bang to Big Crunch to Big Bang.
Adam Riess, an astronomer who collaborated
with Brian Schmidt on the discovery of dark
energy, says he looks every day at an Internet
site (xxx.lanl.gov/archive/astro-ph) where
scientists post their analyses to see what new
ideas are out there. “Most of them are pretty
kooky,” he says. “But it’s possible that somebody
will come out with a deep theory.”

For all its advances, astronomy turns out to
have been laboring under an incorrect, if
reasonable, assumption: what you see is
what you get. Now astronomers have to
adapt to the idea that the universe is not the
stuff of us—in the grand scheme of things,
our species and our planet and our galaxy
and everything we have ever seen are, as
theoretical physicist Lawrence Krauss of
Arizona State University has said, “a bit of
pollution.”
Yet cosmologists tend not to be
discouraged. “The really hard problems are
great,” says Michael Turner, “because we
know they’ll require a crazy new idea.” As
Andreas Albrecht, a cosmologist at the
University of California at Davis, said at a
recent conference on dark energy: “If you
put the timeline of the history of science
before me and I could choose any time and
field, this is where I’d want to be.”

Read more:
http://www.smithsonianmag.com/sciencenature/dark-energy-the-biggest-mystery-inthe-universe9482130/#TsHtUmek0rytTccf.99
Give the gift of Smithsonian magazine for
only $12! http://bit.ly/1cGUiGv
Follow us: @SmithsonianMag on Twitter

Article:

Warp Drive into the Unknown
By John Ray Cabrera

Dark Matter(DM) - It made up 27% of the
entire component of our universe, but there is
not much that we know about it. Probing it with
under the particle accelerator is virtually a trip
to the unknown.
Dark Energy(DE) – The biggest pie which is
roughly 68% of the entire cosmos is even
more mysterious.
These two are a warp drive to the most
elusive part of our scientific understanding.
Unlike normal matter, DM does not interact
with electromagnetic force. It does not absorb,
emit, or reflect light, making it hard to detect.
And the only way you can determine its
probable presence is by its inherent property,
which is its gravitational effect on normal
matter.
But what is really DM? Physicists theorize that
it may could contain "supersymmetric
particles" – hypothesized particles that are
partners to those already known in the

Standard Model. Many theorizes that it is
extremely light enough to be produced at
LHC. According to CERN: “If they were
created at the LHC, they would escape
through the detectors unnoticed. However,
they would carry away energy and
momentum, so physicists could infer their
existence from the amount of energy and
momentum “missing” after a collision. Dark
matter candidates arise frequently in theories
that suggest physics beyond the Standard
Model, such as supersymmetry and extra
dimensions. One theory suggests the existence
of a “Hidden Valley”, a parallel world made of
dark matter having very little in common with
matter we know. If one of these theories proved
to be true, it could help scientists gain a better
understanding of the composition of our
universe and, in particular, how galaxies hold
together.”
Some physicist chuckled that maybe DM is
not a matter after all. It may have just been a
gravity, in effect of some unseen matter.
DE, on the other hand, is a huge component
of the mystery department. According to
CERN: “It is distributed evenly throughout
the universe, not only in space but also in
time – in other words, its effect is not diluted
as the universe expands. The even
distribution means that dark energy does not
have any local gravitational effects, but
rather a global effect on the universe as a
whole. This leads to a repulsive force, which
tends to accelerate the expansion of the
universe. The rate of expansion and its
acceleration can be measured by
observations based on the Hubble law.
These measurements, together with other
scientific data, have confirmed the existence
of dark energy and provide an estimate of
just how much of this mysterious substance
exists.”
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Article:
Stargazing Session:

Recommended
Astronomy Books
Penumbral LunarEclipse
by James
Kevin
by John
Ray Ty
Cabrera
Last September 17th ,there was a penumbral lunar eclipse that was visible in Philippines as well as
most of Asia and Africa. Although this is just a penumbral eclipse, this is a deep one as penumbral
phase reaches about 91% at maximum phase at around 02:54:20 am Phil Standard Time (PST)
which has a GMT +8 time zone.
Below are penumbral lunar eclipse images taken by other members of the Astronomical League of
the Philippines. Please note that all images are copyrighted to the imagers mentioned as well as
Astronomical League of the Philippines. Please inform us in case you need to use any images.
Thanks.

All images featured in the article are owned by the Astronomical League of the Philippines.

Article:
Stargazing Session:

Astronomy
Books
ALPRecommended
13th Anniversary
Get Together
by James
Kevin
by John
Ray Ty
Cabrera

Last September 17th, ALP held their 13th
anniversary get together party at Vikings Luxury
Buffet at SM Mall of Asia. Members who
attended were ALP President James Kevin Ty,
wife Charito and son Kendrick Cole KC Ty, VP
Jett Aguilar, Secretary Christopher Louie Lu, wife
Karren and daughter Frances Lu, Treasurer
Andrew Ian Chan, Auditor Edgar Ang, PRO Edge
Lat, directors Iah Serna, Mike Enage, John Ray
Cabrera and wife Noreen Cabrera; Ronald Sison
with children Adrian and Raj Sison, Aireen Grace
Andal, Edwin Gatia, Michella Esparas, Alberto
Lao, wife Nonie and daughter Claudine Atheena
Lao; Melsejoy Degala and hubby Eric Degala,
Miguel Cajita and mom Mel Cajita, Fung Yu, Val
Villanueva, Joaquin Fajardo and Robert Gascon.

Starbucks before heading home.

Astrokapihan.

The party started at 11:00am and ended at
around 2:45pm after having a long get together
conversations over delicious unlimited food and
drinks.
After the event, some ALPers opted to continue
their get together time and watch Train to Busan
as well as have a light dinner afterwards at
Yellow Cab and ended with AstroKapihan at

Rowdy group.

All images featured in the article are owned by Astronomical League of the Philippines.

Featured Article:

The Story of a Runaway Universe
By olliuci.files.wordpress.com

The rate at which the Universe is expanding is
now thought to be accelerating rather than
slowing. How, exactly, was this discovered?
First, let us correct a possible
misunderstanding. Though they may not
actually say so, when professionals, before a
lay audience, discuss the redshift due to
expansion of the Universe, they often leave
the impression that the redshift is a Doppler
effect (a shift in the wavelength of sound or
light waves when the source is moving at a
high speed relative to the observer).
But the cosmological redshift is not a Doppler
effect. Rather, if the light source is hundreds of
millions to billions of light years distant, the
Universe expands significantly during the time
that the light takes to reach us and, as the
Universe expands, it stretches the light waves
with it in exactly the same proportion. In other
words, if space has expanded by 10% during
the trip, the light waves also will have
stretched by 10%.
So, imagine that you are an astronomer at a
major observatory and for a year you have
been collecting spectra of very remote
galaxies and determining their distances. For
one of these galaxies the distance is
determined as follows:
You observe that the wavelength of a
particular component of the light from the
galaxy has been stretched to 2.44 times its
original value. This implies that space itself
has expanded by that same amount during the
time it took the light to reach your telescope.
Current theory produces a graph of expansion
of the Universe as shown on the next page.
Point "A" represents the present. The value of
the Expansion Factor ("EF") for the present, as
indicated by theory, is 2.1. Since the light
wavelength (and the EF) has expanded 2.44
times its value at the time it was emitted, the

EF value when the light left the galaxy was
2.1 divided by 2.44; the result is 0.86. In
other words, 2.1 (present) is 2.44 times 0.86
and that (0.86) is where point "B" is
indicated.
Dropping from point "B" straight down to the
Time axis, you see that the Universe was
2.5 billion years old when the light began its
journey – 11 billion years ago. And, since
light travels at – guess what? – the speed of
light, the distance must be 11 billion light
years (BLYs).

This graph depicts the cumulative amount of
expansion (not the rate) the Universe has
undergone over its roughly 13.5 billion year
history as determined by the model of the
Universe which existed prior to discovery of
the acceleration of the expansion. The
"expansion factor" represents an increase in
distance, not an increase in volume. [Note
that the numbers shown for the "factor" are
illustrative only and are not real values
derived from theory. What is important is the
shape of the curve and the principle
underlying its use in determining distances.
Note, also, that this graph does not attempt
to depict "inflation", a period right at the
beginning in which the Universe

experienced truly phenomenal expansion within the blink of an eye (actually, much shorter even than
that!) But this omission does not alter the validity of the distance determination illustration.]
But later, while reading a technical journal, you happen to discover that a type Ia supernova was
observed in this same galaxy eighteen months ago. This is an exciting discovery because it provides
a means of determining the distance to the galaxy which is independent and direct – not derived from
Universal expansion theory.
You contact the group that observed the supernova and obtain their data, including the intrinsic
luminosity of the supernova, the actual total light energy emitted by the supernova at its peak
brightness. (A type Ia supernova is an excellent "standard candle" and its intrinsic luminosity can be
determined from characteristics of its light curve – how its apparent brightness varied over time during
its outburst.) By comparing the nova's intrinsic brightness with its apparent brightness at the same
instant, its distance can easily be calculated from the inverse-square law (apparent brightness of a
light source is inversely proportional to distance squared).
You perform the calculation and – you cannot believe the result. The indicated distance is 12.5 BLYs,
not 11 BLYs! You recheck your numbers and your calculations, and you have an associate do the
same. The result is correct. Therefore, the only possible source of error is the theory describing
expansion of the Universe or one of its parameters. You have discovered that the expansion rate is
now accelerating rather than continuing its gravity-induced slow-down.
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The ardor to determine the ultimate fate of the
universe came about when the Albert Einstein in
1915 proposes general relativity. It is exceedingly
great to describe the large scale – the behavior
of the cosmos itself. This behavior includes
solutions to the equations of general relativity,
whereby different solutions imply different
possible scenario of he demise of the universe.
Now came Edwin Hubble in 1929. Based on his
observations of the sky, he found out that stars in
distant galaxies are moving away from us.
Because of our notion of gravity being attractive,
this was an astounding discovery, one that
shatters the conventional mind to examine where
our universe will be heading some time in the
future.
Einstein itself is challenged by the idea, having a
stanch believer that the universe is static. When
he noticed that his mathematical abstraction is
substantiated by the expanding universe at a
certain time scale, but ultimately contract in the
future, he call this cosmological constant
preposterous. Cosmological constant is
essentially a constant energy density unaffected
by any expansion or contraction, whose role was
to offset the effect of gravity on the universe as a
whole in such a way that the universe would
remain static.
Modern science tabulated this by using Density
Parameter, connoted as Omega, which means
average matter density of the universe divided by
a critical value of that density. This then is used
as a yardstick to determine the geometry of the
universe, whether Omega is less than 1, equal to
1, or greater than 1. Less than 1, being an Open
universe, greater than 1 being a Closed universe,
and equal to 1 means a Flat universe.
Depending on where these values would lean
into, let us now look at the possible scenario of

how things will end:
Derived from Wikipedia:
Big Freeze(Heat Death) - a scenario under
which continued expansion results in a
universe that is too cold to sustain life. It
could, in the absence of dark energy, occur
only under a flat or hyperbolic geometry,
because such geometries then are a
necessary condition for a universe that
expands forever. With a positive
cosmological constant, it could also occur in
a closed universe.
Big Rip: In the special case of phantom dark
energy, which has even more negative
pressure than a simple cosmological
constant, the density of dark energy
increases with time, causing the rate of
acceleration to increase, leading to a steady
increase in the Hubble constant. As a result,
all material objects in the universe, starting
with galaxies and eventually (in a finite time)
all life forms, no matter how small, will
disintegrate into unbound elementary
particles and radiation, ripped apart by the
phantom energy force and shooting apart
from each other.
Big Crunch - symmetric view of the ultimate
fate of the universe. Just as the Big Bang
started a cosmological expansion, this
theory postulates that the average density of
the universe is enough to stop its expansion
and begin contracting.
Big Bounce - derives from the oscillatory
universe or cyclic repetition interpretation of
the Big Bang where the first cosmological
event was the result of the collapse of a
previous universe.
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At the beginning of time,
space exploded out of
nothingness to create the
ever-expanding universe we
inhabit now. It took billions of
years for the story, depicted
here, to unfold.
- Breanna Draxler

A little more than 5 billion
years ago, dark energy caused
the universe to expand
increasingly fast.
In less than 10-30 of a second
after the Big Bang, the universe
burst open, expanding faster
than the speed of light and
flinging all the matter and
energy in the universe apart in
all directions.
The universe expanded violently
from an extremely hot and dense
initial state some 13.7 billion years
ago.
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Made of the atoms that
comprise our visible
universe – everything
from stars to planets to
people. Gravity attracts
it, pulling it in on itself.

As with ordinary matter, dark
matter is tugged inward by
gravity. But it does not absorb
or emit light, making it hard
to track down. No one knows
what it is made of, but
theorists propose a
combination of undiscovered
subatomic particles and
ordinary matter too dim to
detect.

No one has any idea
what dark energy is. It
acts in opposition to
gravity.
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