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“There once was a lady named Bright
Who traveled much faster than light

She departed one day in a relative way
And came home the previous night”
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All Heavenly Bodies, Including the Milky Way and
its Neighboring Galaxies, which Collectively are
Called “the Local Group,” are Bound to Each
Other by the Force of Gravity.
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When a star as massive as from 6-10 times that of the Sun
dies, it explodes as supernova and ejects its outer layer in all
directions to form a cloud of gas and dust called “planetary
nebula.” This is the Hubble Space Telescope’s picture of the
“ant nebula,” showing 10 times more detail than ground
based telescopes. How a spherical star can produce such non-
spherical symmetry in the gas that it ejects is subject to
speculation. One cause is attributed to an invisible companion
star orbiting close to it - about a distant of the Earth from the
Sun - whose strong gravitational force shapes the gas flowing
out from the primary star. Another possibility is that the
strong magnetic field of the exploding star shapes the outflow
of gas from it.
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THE EXPANSION OF THE
UNIVERSE AND |
THE DARK ENERGY;

The Unexpected Anomaly

"4ithough the Universe is Under no Obligation to
Make Sense, Students in pursuit of a PhD. are."

-ROBERT P. KIRSHNER

woww, baffled, blogfa.com



THE MYSTERIRIES OF THE UNIVERSE 213

THE EXPANSION OF THE UNIVERSE;

THE UNEXPECTED ANOMALY

w0t appears that the rate of expansion of the
Universe is indeed increasing, i.e. the expansion is
accelerating instead of decelerating as previously
expected. In fact, the rate seems to be 15% greater
now than it was 6 billion years ago..."

kkkkk

Onf: of the astounding results of Einstein’s theory of relativity when it was
first put forth was that the Universe must be expanding. This was not only
a surprising conclusion but, given the state of our knowledge of the cosmos at
the time, the idea seemed totally absurd even to Einstein himself. So, caught in
a momentary lack of confidence in his theory, he did what every red-blooded
theorist always does to bring renegade equations in line with what is perceived
to be as fact. He introduced a "fudge factor” in it, calling it the "cosmological
term," in order to prevent his formula from reaching such a conclusion.

That same year, an American astronomer named Vesto Slipher, working
at Lowell Observatory in Arizona (established by the rich eccentric Boston
millionaire Percival Lowell o chart the canals of Mars), noticed a large shift
towards the red end of the spectral lines of stars in the spiral arms of galaxies.
This meant that they were moving away from the Earth at very high speeds.
But, he didn't yet know how far away they were, or even if they belonged to
other galaxies. That proof was supplied by Edwin Hubble, who in 1929
detected a special type of star among them, known as “Cepheid variable”
whose luminosity, therefore distance, depends on the period of its pulsation - an
easily detectable characteristic. The discovery enabled Hubble to calculate the
star's distance. Since they turned out to be farther away than the dimensions of
the Milky Way, he concluded that they belonged to other galaxies.

Hubble then calculated the recession velocity of twenty-five galaxies
from the magnitude of the red shift of their spectrums, and plotted them against
their distance obtained from the Cepheid variable stars in them.  This
relationship turned out to be a straight line (see the diagram on page 215).

This was proof that the Universe was expanding, and that the farther
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214 THE EXPANSION OF THE UNIVERSE

away a galaxy is, the faster it is moving away'. The slope of this line was soon
dubbed the "Hubble Constant," and was thereafter used to calculate the
distances to galaxies.

Astronomers, however, agreed that the cosmic expansion should be
slowing down, i.e. its rate of change with time at any point should be negative
similar to the way the gravitational attraction of the Earth gradually slows the
ascent of a handful of stones tossed up in the air. This is due to the inward pull
of the collective gravity of all the galaxies and other objects that occupy the
space within the Universe.

Hubble had not known of Einstein's "cosmological term," but 2s soon as
Einstein heard about Hubble's work, he boarded a ship and came to California
to meet him. After reviewing Hubble's data, Einstein called his "cosmological
term," “the worst mistake of my life."

Einstein's "worst mistake" represented nothing more than an anti-gravity
force acting over long distances. Eighty five years later, it would become the
only explanation for a phenomenon which astronomers would observe, and but
for Einstein's work, they would have neither believed their eyes nor their
calculations.

In 1998, observations determined that the expansion of the Universe has
been accelerating for the last 6 billion years instead of continuing to decelerate
under the force of the gravitationa! attraction of its occupants. The only
~ explanation was Einstein's cosmological term.

DARK ENERGY;
THE NEWLY DISCOVERED FORCE IN THE UNIVERSE:

Cepheid Variable stars can be detected only as far as about 20 million
light-years out into space. Therefore, there was no way to directly determine
the distance of objects beyond this point. In fact, astronomers multiplied the
value of the Hubble constant with the recession velocity of objects beyond this
point to calculate their distances.

Late in 1998, however, two groups of astronomers tried independently
to use the Hubble Space Telescope, to refine the value of Hubble's constant by
detecting a special type of supernova, called type-1a supernova. This type of
supernova takes place only when a white-dwarf star is so near a red-giant star
(most likely a double star system) that the white-dwarf is able to continually
draw material from the red-giant. When the white-dwarf reaches its saturation

' The latest value of the expansion is about 70 kilometers per sec. per mega parsec,

each mega parsec being equal to 3.26 million light years.
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point, it suddenly explodes in a supernova. Since the saturation point is the
same for all white-dwarfs, the intensity of the explosion and the type of
materials they spew out into space are the same. In this way type-la supernova
are like Cepheid variable stars, except that type-1a supernova can be detected in
the much deeper parts of space, where Cepheid variables are not detectable.
Both groups studied a number of type 1a supernova going back to as far
as S billion light years, which is the limit of their observation. Much to their
surprise, both groups observed that the light of the supernovas were dimmer
than expected, meaning they were farther away than the distance calculated
from the magnitude of their red shift and the Hubble constant. Thus, the distant
obtained from the type 1 supernova data was placed slightly above the straight
line of Hubble’s original data showing the relationship between distance and the
recession velocity, or the red shift of the light of the nearby galaxies (See the
graph below).

This means that the rate Hubble Constant
of expansion of the Universe is » gy e AP iy
increasing. That is, as if some f Deep Space

force is pushing galaxies apart, Supernova Ia Data —>

while the expectation had always E = }
been that their gravitational 4 |
attraction should be pulling them E :
together so that the rate of ©

expansion should be decreasing. ;

Naturally,  the  first <—— Nearby Galaxy Data?
instinct of astronomers was to " W T R i ...:j
question the data, speculatin " W s . GA ' 1
that perhaps intcrgaiﬁic dusﬁ redshift -> recession velocity
dims the light of the supernova, thus introducing errors in the data.

One way io settle the issue was to detect type la supernovas farther than
5 billion light years away. The debate was settled through the combination of

some incredible luck, the Hubble Space Telescope and a Japanese astronomer:

BACK TO 10 BILLION LIGHT YEARS AWAY:

From December 18 to 28, 1995, the Hubble Space Telescope had taken
342 images in blue, red, and infrared light of a very marrow volume of space
the size of a grain of salt held at arm's length. The bowl of the Big Dipper was
chosen because it is almost perpendicular to the plane of the Milky Way galaxy
and far away from the light and the dust of its disk. The picture contained some
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216 THE EXPANSION OF THE UNIVERSE

1,500 galaxies from 5 million light years away all the way to the edge of the
Universe. The combined images yielded a most spectacular color photograph of
the Universe ever taken and it won many international photography awards.

It so happened that three years later another image was taken in all three
colors in the same volume of space some 10 billion light years away.
Meanwhile a Japanese astronomer had written a computer program that could
compare two images of the same area of space, eliminate everything from both
images, and keep only whatever light that appeared in one images but was
missing from the other. When the two images of the area of space 10 billion
light years away were subjected to analysis by this computer program, the result
was a single bright dot of light at the center of one galaxy in that far away area
of space. Spectral analysis of the images showed it to be the light of a type-la
supernova, which was receding at a rate higher than expected.

The light was much brighter than expected. Tt was proof that the
intergalactic dust was not responsible for the anomaly in the observed speed of
the receding type-la supernova discovered at a distance of 5 billion light-years
away. This was exactly what astronomers were looking for to settle the matter
of the rate of the expansion of the Universe.

It appears that the rate of expansion of the Universe is indeed increasing,
i.e. the expansion is accelerating instead of decelerating as previously expected.
In fact, the rate seems to be 15% greater now than it was 6 billion years ago.

Since any type of acceleration is caused by exertion of a force, the
source of the as yet undiscovered force causing the acceleration of the expansion
has been called the "dark enmergy?,"or "negative energy," and even "funny
energy." The existence of this energy may in turn be mathematically deduced
from the original "cosmological term" of Einstein's equations. If it should have
a smaller value than the one Einstein assigned to it, the expansion should be
accelerating.

An accelerating rate of expansion of the Universe raises the question -
what is the nature of the force that is causing the acceleration? Is it a repulsive
force that permeates the void of space, like the attractive gravitational force that
permeates the part of space which surrounds an occupying mass? And if so,
what is the relationship of this force to Einstein's cosmological term? And if
there is any, what is its impact on the value of the "eritical density," which
determines the ultimate fate of the Universe?

2 Not to be confused with the "dark matter,” which is the matter that can not be seen, and
comprises more than 70% of all the matter in the Universe.
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The nature of this force could be a sort of "relic energy," or "vacuum
energy," or "negative energy," and its origins could be traced to the time of
the Big Bang. For the force associated with it to grow larger as the Universe
expands, the amount of this energy, in any given volume of space, would have
to remain constant, so that its total amount increases as the Universe expands.

Physicists, however, resist the notion of a cosmological constant since it
is nothing more than a fudge factor, and thus has no scientific basis, and can not
be explained phenomenally.

The gravitational force is attractive in nature and decreases with
increasing distance, while the force of the dark energy is repulsive in nature and
increases with increasing volume. It seems, therefore, that earlier in the life of
the Universe when its volume and the distance between galaxies were both
much smaller than they are now, gravitational force was dominant. Therefore,
the rate of expansion of the Universe was decreasing. However, some 6 billion
years ago, both the distances between galaxies, and the volume of the Universe
had increased to the point that the forces of the dark energy became dominant,
accelerating the expansion.

Physicists, of course, will not rest until somehow they tie this energy
with particle physics (String theorists take note). They have already started in
this direction from the premise that this energy must be time dependant since it
seems to "be here today," but "was not here yesterday." The physics of this
phenomenon involves light particles, called pions, which actually exist.

Just about the only thing that all scientists agree on is that all the mass
that is tied up in all the black-holes, quasars, stars, planets, people, etc. is no
more than 7 to 9 per-cent of the total mass of the Universe. Throw in the
undetectable particles known as the dark matter you increase this percentage to
about 20 to 30 percent. So, they are faced with determining the location of the
other 70 to 80 percent of this "stuff" or "cosmic energy".

The biggest ramification of this amazing discovery involves the very
nature of the Universe, and this in turn impacts on its ultimate fate.

EXPANSION AND THE ULTIMATE FATE OF THE UNIVERSE:

Prior to all this, it was believed that the ultimate fate of the Universe
depended on its present mass density, and that it could end in one of the
following three scenarios:

* The first scenario was that if this density is less than one atom of
hydrogen per square meter of space, there is not enough gravity to stop the
expansion, and the Universe would then keep on expanding forever. This was
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called an “open universe.”

* The second scenario was that if this density is more than one atom of
hydrogen per square meter of space, gravity will eventually stop and then
reverse the expansion, collapsing the Universe on itself in a moment of the "Big
Crunch," followed by another Big Bang, and on and on. This was called a
“closed Universe.”

* The third scenario was an in-between possibility where the Universe
would expand indefinitely, always slowing down but never quite coming to a
stop. This was called an “open Universe,” and the density needed for this
scenario was called the "critical density."

It is now quite apparent that the current density of the Universe will not
be the determining factor in the ultimate fate of the Universe. And, that
regardless of its value, the dark energy will be increasing for ever and ever due
to the increasing volume of the Universe, pushing galaxies {orever farther and
farther apart.

Locally, of course, we are fairly certain that in about 2 billion years
from now the warming Sun will create a runaway greenhouse effect here on the
Earth, and our planet will become uninhabitable. In another three billion years,
the Sun will swell up to beyond the orbit of Jupiter, in the process burning the
Earth and all the inner planets to a crisp. At about the same time the Milky
Way galaxy will merge with the Andromeda galaxy, its twin galaxy, which is
now some two million light-years away and closing in fast. After the merger,
billions of new stars and planets would be created and spewed out throughout
the resulting elliptical galaxy.

If we manage to survive these events by hop-scotching from solar system
to solar system, we will still have stars in our sky and we will have our own
galaxy to research and study. However, we shall become increasingly ignorant
of the Universe at large because its expansion pushes the rest of the galaxies
away from us dimming their lights more and more, thus decreasing our ability
to see them as time goes by. In about 150 billion years from now almost all the
other galaxies in the Universe will have receded far enough to be invisible from
our new galaxy. The only exceptions would be the 19 galaxies that are bound to
us within the Local Group of galaxies. Scientists, of course will be sadly
disturbed at the prospect of a galaxy-less sky, but lovers will be delighted since
there will be many more stars to gaze upon at night.

This state of affairs of our universe too shall pass in another 100 trillion
years from now, when all the interstellar gas and dust that give birth to new
stars are used up, and there will be no new stars to replace the dying ones.
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From then on the sky will get darker and darker until in about 10* years from
now, all galaxies have been swallowed by gargantuan black-holes. Even these
black-holes will not survive forever. In time they too radiate away leaving a sky
lit up only by the minuscule energy of their dim radiation. The finale of our
universe will start sometime in about 10'** years from now when the last of the
massive black-holes has expired leaving nothing but a vast region filled with
total darkness.

It seems that we are doomed in a universe where billions of years from
now, the Milky Way galaxy will be all that we shall see in our sky, the others
being much too far away. In the end, all the stars in all the galaxies will simply
burn out, and the Universe will end not with a Big Crunch, but with a whimper.

So it is that after eighty-five years, relativity is still capable of
confounding us by revealing more of the mysteries of the Universe. And, fifty
years after his death, Einstein is sending physicists to their yellow pads
(computer screens these days) and their particle accelerators to try and figure
out how and where this new force we are calling dark energy has come from.

There is no known principal in physics to forbid the existence of a
repulsive force, and it is ironic that, if it exists, Einstein "the Great Discoverer”
discovered it through wrong reasoning.

EXPANSION AND THE AGE OF THE UNIVERSE:

The rate of expansion of the Universe is also an indication of its age. It
is clear that if the Universe had much less mass, the deceleration of its
expansion would have been less and, therefore, the galaxies would have taken
less time to reach their present positions. So it is a younger Universe. And if 1t
has a lot of mass, it implies an older Universe.

Telescopic observations of the luminous mass of the Universe show only
1/100 the mass it needs to reach critical density. But, the rotation of spiral
galaxies and the behavior of clusters of galaxies show that they must contain
additional invisible matter, dubbed "dark matter," otherwise they would have
flown apart. It is estimated that this dark matter adds an additional 10 to 20
percent to the mass of the Universe, so 70 to 80 percent is still unaccounted for.

THE SHAPE OF THE UNIVERSE:
The question that held the greatest mystery for all the observers of the

sky was "where does it end?”
So long as space and time had been regarded as unchanging, there was
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no escaping the conclusion that the Universe is either finite, or infinite, both of
which seemed equally illogical and absurd.

A universe that is finite and is of the three dimensions that humans can
perceive should end somewhere. This is an unimaginable answer because as
Lucretius lamented - "If Heaven has a boundary, what things could lie outside
of it?" Presumably one could sit by the bank of a river and contemplate an
infinite universe until the cows come home, and he would still be where he
started.

On the other hand, the idea of an infinite universe is equally paradoxical
because the very concept of an infinite anything runs counter to our intuition.
Besides, an infinite universe implies infinite number of stars and galaxies,
otherwise, beyond a fixed number of stars and galaxies there would have to be
space without anything to occupy it. Since space is defined by that which is
occupied by something, this is the same as saying that there is no space at all
beyond the finite number of stars and galaxies, which brings us right back to a
finite universe. Moreover, an infinite universe could not operate under
Newtonian gravitation (the definitive concept under which astronomers operated
until Einstein's relativity came along), becausc gravitational force of an infinite
number of stars and galaxies would overwhelm local gravity at every point in
the Universe and tear all the stars and planets apart. But, we are all here in one
piece.

Thus, a finite bound universe or an infinite universe is equally
troublesome to the mind.

It was Einstein's new and revolutionary way of looking at gravity as the
curvature of space-time created by mass that put the final touches on the concept
of a finite but unbounded model of the Universe that solved this dilemma.

Relativity demonstrated that in the vast distances between galaxies, space
and time could be distorted until the entire universe could be said to be rolled in
on itself. An astronaut could conceivably circumnavigate the Universe, visiting
every galaxy, and finally end up right here in the Milky Way. Just like an ant
traveling the surface of the Earth from the North to the South Pole, and from
the east to the west, could pass through every square millimeter of the surface
of the Earth and end up where he started.

Since the Universe has no edge, it is difficult for us humans to imagine
its shape much less to conceive how it expands. One way (o do so is to
compare it to the surface of a white balloon with the galaxies being represented
by many red dots printed on it. As the balloon is inflated, its surface expands,
and all the dots move away from each other.
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Another way is to imagine yourself residing on a raisin inside a gigantic
loaf of raisin-bread dough whose edges you cannot see. As the dough rises
during baking, you will find that the raisins nearer to you move apart more
slowly than the raisins farther away from you. Furthermore, you find that the
velocity of recession of the other raisins is proportional to their distances from
you.

The idea of a finite but unbounded space, according to Max Born, "is
one of the greatest ideas about the nature of the world which has ever been
conceived."”

Possible Modes of the Expanding Universe

_Decelerating Universe -Coasting Universe - Accelerating Universe

A decelerating universe contracts and eventually collapses into a
“Big Crunch.” A coasting universe takes more time to reach its
present size, and expands forever .In an accelerating universe
the rate of expansion increases due to the repulsive force of the

“dark energy.”
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“The dust and spiral arms of normal spiral galaxies, like our
own Milky Way, appear flat when viewed edge-on. This is the
picture of a galaxy 150 million light years away that, by
contrast, has an unusual twisted disk structure because it has
recently undergone 2 collision with a nearby galaxy and is in
the process of swallowing it. Gravitational forces distort the
structures of the galaxies as their stars, gas and dust merge
together in a process that takes millions of years.” Eventually
the disturbances will die out, and it will become 2 normal-
appearing single galaxy."
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Astronauts Practice Procedures for the Space Repair of
the Hubble Space Telescope in NASA’s Training Pool
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Astronauts Repair the Hubble Space Telescope in Space
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THE GREATS OF MODERN ASTRONOMY
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THE GREATS OF THE RENAISSANCE OF ASTRONOMY
wokudive ieoeS s oluled s gkt

COPERNICUS GALILEO
1473 — 1543 1564 — 1642
e 5ty 98 sls

KEPLER NEWTON
1571 - 1630 1642 — 1727
Ls ww. baffied. blogfa. com - L™ ..l dﬁ};ﬂ



THE GREATS OF ANCIENT ASTRONOMY
OMtals gt S 5% ol 2d o 915

PLATO ARISTOTLE

428 - 347 BC 384 - 322 BC
5O gl

ARISTARCUS PTOLEMY
310 - 230 BC 85 - 165 AD

L}n ‘,s JE\HH ..J!' wow. baffied. blogfa. com n..-



