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Fig. 1-a: Estimated distribution of
matter and energy in the universe,
today (top) and when

the CMB was released (bottom)
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THE POWER SPECTRUM

OBSERVATIONS OF THE CMB provide a map of temperature
variations across the whole sky (a). When researchers
analyze portions of that map (b}, they use band filters to
show how the temperature of the radiation varies at different
scales. The variations are barely noticeable at large scales
corresponding to regions that stretch about 30 degrees
across the sky (c) and at small scales corresponding to
regions about a tenth of a degree across (e). But the
temperature differences are quite distinct forregions about
one degree across (d). This first peak in the power spectrum
(graph at bottom) reveals the compressions and rarefactions
caused by the fundamental wave of the early universe; the
subsequent peaks show the effects of the overtones.
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A planetary nebula, abbreviated as PN or plural PNe, is a type of
emission nebula consisting of an expanding, glowing shell of ionized gas
ejected from red giant stars late in their lives. The term "planetary nebula"
1s a misnomer because they are unrelated to planets or exoplanets
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The Seven Ages of the Sun (3).
Lowaddl kil (Seven Phases) 4xsd) Jal sall 1 a8 ) J gl ciim

Phase Period | Radius [Rsun | Luminosity | Temp.
=700,000 [Lsun = [K]
km] 3.83x10%° W]
Hydrogen |11 Gyr 1 1 5779
Burning
(Today)
[Fig.2]
First Red 1.3 | 166=0.775AU 2350 3107
Giant [Fig.3] | Gyr
Helium 100 9.5 41 4724
Burning Myr
[Fig.4]
Second Red 20 180 =10.84 3000 3160
Giant [Fig.5] | Myr AU
Unstable 0.4 213 ~1 AU 5200
Pulsation Myr
[Fig.6]
Planetary 10 Kyr
Nebula
White Dwarf | lasting | Size of Earth

3 http://www.astronomy.ohio-state.edu/~poqgge/Lectures/vistas97.html
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Hubble Witnesses Massive Comet-Like Object Pollute Atmosphere of
a White Dwarf (9)

For the first time, scientists using
NASA’s Hubble Space Telescope
have witnessed a massive object
with the makeup of a comet being
ripped apart and scattered in the
atmosphere of a white dwarf, the
burned-out remains of a compact
star. The object has a chemical

composition similar to Halley’s
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Comet, but it 1s 100,000 times
more massive and has a much
higher amount of water. It is also
rich in the elements essential for
life, including nitrogen, carbon,

oxygen, and sulfur.
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These findings are evidence for a
belt of comet-like bodies orbiting
the white dwarf, similar to our
solar system’s Kuiper Belt. These
icy bodies apparently survived the
star’s evolution as it became a
bloated red giant and then
collapsed to a small, dense white

dwarf.
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As many as 25 to 50 percent of
white dwarfs are known to be
polluted with infalling debris from
rocky, asteroid-like objects, but
this 1s the first time a body made of

icy, comet-like material has been
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seen polluting a white dwarf’s

atmosphere.

This artist's concept shows a
massive, comet-like object falling
toward a white dwarf. New
Hubble Space Telescope findings
are evidence for a belt of comet-
like bodies orbiting the white

dwarf, similar to our solar
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https://www.nasa.gov/sites/default/files/thumbnails/image/stsci-h-p1709a-m2000x1500.png

system's Kuiper Belt. The
findings also suggest the presence
of one or more unseen surviving
planets around the white dwarf,
which may have perturbed the
belt to hurl icy objects into the
burned-out star.

Credits: NASA, ESA, and Z. Levy
(STScl)
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The results also suggest the
presence of unseen, surviving
planets which may have perturbed
the belt and worked as a “bucket
brigade” to draw the icy objects
into the white dwarf. The burned-
out star also has a companion star,
which may disturb the belt, causing
objects from the belt to travel

toward the burned-out star.
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Siyi Xu of the European Southern
Observatory in Garching,
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Germany, led the team that made
the discovery. According to Xu,
this was the first time that nitrogen
was detected in the planetary
debris that falls onto a white dwarf.
“Nitrogen is a very important
element for life as we know it,” Xu
explained. “This particular object
1s quite rich in nitrogen, more so
than any object observed in our

solar system.”
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Our own Kuiper Belt, which
extends outward from Neptune’s
orbit, is home to many dwarf
planets, comets, and other small
bodies left over from the formation
of the solar system. Comets from
the Kuiper Belt may have been
responsible for delivering water

and the basic building blocks of life
to Earth billions of years ago.
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The new findings are observational
evidence supporting the idea that
icy bodies are also present in other
planetary systems, and they have
survived throughout the history of

the star’s evolution.

To study the white dwarf’s
atmosphere, the team used both
Hubble and the W. M. Keck
Observatory. The measurements of
nitrogen, carbon, oxygen, silicon,
sulfur, iron, nickel, and hydrogen
all come from Hubble, while Keck
provides the calcium, magnesium,
and hydrogen. The ultraviolet
vision of Hubble’s Cosmic Origins
Spectrograph (COS) allowed the
team to make measurements that
are very difficult to do from the

ground.
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This is the first object found
outside our solar system that is akin
to Halley’s Comet in composition.
The team used the famous comet
for comparison because it has been
so well studied.

The white dwarf is roughly 170
in the

light-years from Earth

constellation Bootes, the
Herdsman. It was first recorded in
1974 and is part of a wide binary
system, with a companion star
separated by 2,000 times the
distance that the Earth is from the

sun.
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The Hubble Space Telescope is a project of
international cooperation between NASA and
the European Space Agency. NASA Goddard
manages the telescope. The Space Telescope
Science Institute (STScl) in Baltimore,
Hubble

operations. STScl is operated for NASA by the

Maryland,  conducts science
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Association of Universities for Research in
Astronomy in Washington, D.C.

For images and more information about the
exocomets and Hubble, visit:

http://hubblesite.org/news_release/news/2017-

09 . www.nasa.gov/hubble
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Results on extrasolar planets: Several
planets orbiting within 0.1 AU of their
stars are called “hot Jupiters”. Some
are vaporizing as they are cannibalized
(disintegrated) by their parent star (see
figure).
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(4.5 Gya): Sun becomes a main sequence yellow star: (il Cisaia )

Hydrogen fusion to helium inside the sun
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Figure 1. The proton-proton fusion process that is the source of energy

from the Sun.l!
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Pressure

Fig. 3: The structure of the sun adjusts until the gravitational "pull"
towards its center is just balanced by the "push" of the gas pressure
outward. Fortunately, this results in a very stable state, called hydrostatic
equilibrium.

(http://ircamera.as.arizona.edu/NatScil 02/NatScil 02/lectures/suninteri

or.htm).
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side view

top view I

5
Fall + winter: short, low path. Spring + summer: long, high path
Sunrise in southeast Sunrise in northeast
Sunset in southwest Sunset in northwest
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A white dwarf represents the final stage, a stable phase (L&i—) of

evolution of a star Like the sun (a star that is between .07 and 1.4
solar masses). The Sun lives out the rest of its life as a dense compact

White dwarf; supported by electron degeneracy.



$LaZall 130} 9 {538 Cuaddd) 13 15808 o) ol ALS ALLl o gy ) ST ) 0 au 01a) -
Ggiaaal) e o dilue gl ) (fEREN Sl 13} 5 {3kl

aSa A 320/2:a8 )0 sl dAad all —caa il e il e adl - g hdl -
5 s S A3 5 g Jratardiasall

zanaranall oSa LD (1476:48 )01l dadiall e il msar jaadll - WY -
sl ) Ao Candl Jals

https://eljaz.mutah.edu.jo/sunstabilevol.htm

a1l aadn 5 0l o 9

oailal)

B a2 Ay (AN A3 * 5l La @33 Lag) ;a3 Ak 85 oAl 4 o
Gy ¢ A5kl Sia LAk B ok Jzaly ey LS il o ) Ay
au¥) 133 (Pulsar) oatill wddl ey . B3 ) Jsladll 3 4nliy 6l Gl aald
acle ) (o 5 pall 13 e )V 5 S (adE Al a5 (3 kall Jad Changy (A1) g4 40Y
dalle dilicay Sl Al g o saill (e ciiall @lld sl O Al A8e 5 s (550 S s
605 (S5 Aumge s Apam 315 QU G yhay 4l Auailind (go 5 (BN A3E) 0 a5
(G5)

S O e Gan g Aiad S (B Lgia iy i g 9B g g gt

485l el 4t Ul g) o Tl oS 98 oY ccla e e gkl ¢ quall gl A
(Ofie s 3e gl ¢ ks

L ey g el 06 {8l ) OB Lo mlas Ge (GBI pa)
oAl o gy 8 ol ;U ol ppdaal) (il a2y Al 4


https://eijaz.mutah.edu.jo/sunstabilevol.htm
https://eijaz.mutah.edu.jo/brightstar.htm

3 psadl) (e ciiall 138 o o Ja5 gl (DA Jadl) (e oA am) Aigias ; (5 )
W s Aslamd) Gy B pall 515 8 ja (W1 5 S dually g1 98 9«3kl Jad Gy (o3
NCETRTBTINE ST

S ga asail) (pe ciiial) 13a O Ao SN Gl AL Jadl) (pe Jo i) and drpa 1 GBLY)
xS 7§ Adle (Luminosity) by g Juidd) ds pun Sl

@ 0 520 ¢us 0, B, A, F, G, K, Mci_aY) alasinls Lla Ldiaat iy o gaill alans
Caall ) Jeai a5 el A o paleds) g oail) el dalitd) Caa ¥ caY)
A «Gane 303 0sb B el 0 DR 0 asai gsSiBale 2 ) & sl Clieay Al s M
O O eal G M s (A sk K ctal G5k G e Dhan sl sl Fepanl o5k
Auailiad 5 anill 3l ja da )3 Cavs DLl Caling 8 ladl) aail

A3y asadll SiSI A g Aal! Lisdaag ¢« (T > 33,000 K) 12> 5_la agad s O Ciia
JAYN) 5oa JASY) sa dilall 1 g (UV) Al (568 dad¥) glad A Lgalil] alinag
Wisibuca Jalig  aad 3,000,000 0o 1 Ao il Ul agad Gaa (B
Jowadd) dgilua Cinza 800,000 - 90,000 (s> (luminosity)

Lo sS 1 okas L U] Chmaza () gale (§ 585 ¥ dmeay A8l Canié O dpidall 4adl) o g 31
Gon A (e HllELE L 5 ¢ 1aa Aaals (Core) Aliaa Led O Qi) o gai (Jld ¢ 13a dadia
ot Gl TS 55 o sail) 331 o8 IS5 ¢ 308 A g Lew ) (o 5 2e])

W s )3 5 () sialall LS ¢ 5 50 Ci¥anay 5 A8kl Alle Lala dadil (aglil) anill jauay
Ll pliadl) S 5l il el AnY il ey o sSul aladiinly

) 1 Ll plady dide g (g gal) LA & Adlal g Ao 4l Aaa ) (1 (B ¢ Ml
(B e Gl

Laadi Jia pad pa 4 W Clling 9 8 il & (44

L g5 1 geal) o) Lgd uaag ¢ SR (A o gad (2



€55 gl i gmis) £ 300 il A Jlad) L il O S8 isa s JiSI g Lada sl il

(1o

(a 9R (S A LgBiaT ad § ¢dy o8 dand gl e Bblad daddl) g (Addld) o gaudl) alina
2x10% ) Jouali e ana 8 LgaliS il o gadl oda | ola i) g8 Al § A ) (il

LAlst (uadd) B jlud Jara cind ¢y gala Adla 9o Jaxal) 138 |, Kglyr
O ) Jadi B pall) Lgila alina (il (O i) 13 3 sl JS) il o gadl) )
Laly B8 Cpaieal) (padla dmuday dry ¢ ol (0o (B (g gl M Lgd) (g 998 29868
Sl Aead 431 8 da (g pugd) 298 5 pladia) (BB palicsa JI 5 Y iRl (B el

-

. A

Neutron stars are one of the
possible ends for a star. They result
from massive stars which have
mass greater than 4 to 8 times that
of our Sun. After these stars have
finished burning their nuclear fuel,
they undergo a  supernova
explosion. This explosion blows
off the outer layers of a star into a
beautiful supernova remnant. The
central region of the star collapses
under gravity. It collapses so much

that protons and electrons combine




to form neutrons. Hence the name

"neutron star".

Pulsars are rotating neutron stars. And
pulsars appear to pulse because they rotate!.
The suggestion that pulsars were rotating
neutron stars was put forth independently by

Thomas Gold and Franco Pacini in 1968, and

was soon proven beyond reasonable doubt
by the discovery of a pulsar with a very short

(33-millisecond) pulse period in the Crab

nebula.(http://en.wikipedia.org/wiki/Pulsar).
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Fig. 2: A diagram of a pulsar, showing its

rotation axis and its magnetic axis
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The gas cloud, from which our Solar System formed contained heavy
metals, therefore must have had some remnant of (probably) several

supernova explosions in it.
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The gravitational field of a planet or star is like a well. The kinetic
energy of a satellite in orbit or a person on the surface sets the limit as

to how high they can "climb out of the pit.




Figure 2: A contour plot of the effective potential (not drawn to scale!).:
We see that the Lagrangian points L4 and L5 correspond to hilltops and
L1, L2 and L3 correspond to saddles (i.e. points where the potential is
curving up in one direction and down in the other). This suggests that
satellites placed at the Lagrange points will have a tendency to wander
off (try sitting a marble on top of a watermelon or on top of a real saddle
and you get the idea). But when a satellite parked at L4 or L5 starts to
roll off the hill it picks up speed. At this point the Coriolis force comes
into play - the same force that causes hurricanes to spin up on the earth

- and sends the satellite into a stable orbit around the Lagrange point.




(originally written (with mathematical equations) by Neil J. Cornish as

part of WMAP's education and outreach program.)
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A quasar (17) (also known as
a quasi-stellar

object abbreviated QSO) is an
extremely luminous active galactic
nucleus (AGN), in which
a supermassive black hole with
mass ranging from millions
to billions of times the mass of
the Sunis surrounded by a
gaseous accretion disk. As gas in
the disk falls towards the black
hole, enerqy is released in the form
of electromagnetic radiation, which
can be observed across
the electromagnetic spectrum. The
power radiated by quasars is
enormous: the most powerful
quasars

have luminosities thousands of
times greater than a galaxy such as
the Milky Way. (18)
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Quasars (19): Quasars are
believed—and in many cases
confirmed—to be  powered
by accretion of material into

supermassive black holes in the
nuclei of distant galaxies, as
suggested in 1964 by Edwin
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17 https://en.wikipedia.org/wiki/Quasar

18 Wu, Xue-Bing; et al. (2015). "An ultraluminous quasar with a twelve-billion-solar-
mass black hole at redshift 6.30". Nature. 518 (7540): 512-515. arXiv:1502.07418.
19 https://en.wikipedia.org/wiki/Quasar#/media/File:Quasar_viewed_from_Hubble.jpg
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Salpeter and Yakov  Zel'dovich
(20). Light and other radiation
cannot escape from within
the event horizon of a black hole.
The energy produced by a quasar
IS generated outside the black
hole, by gravitational stresses and
Immense friction within the
material nearest to the black hole,
as it orbits and falls inward
(21). The huge Iluminosity of
quasars results from the accretion
discs of central supermassive
black holes, which can convert
between 6% and 32% of
the mass of an object into energy,
(22) compared to just 0.7% for
the p—p chain nuclear
fusion process that dominates the
energy production in Sun-like
stars. Central masses of 10°to
10%solar masses have  been
measured in  quasars by
using reverberation mapping.
Several dozen nearby large
galaxies, including our
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20 Shields, Gregory A. (1999). "A Brief History of Active Galactic Nuclei". The

Publications of the Astronomical Society of the Pacific. 111 (760): 661-678. arXiv:astro-

ph/9903401

21 Thomsen, D. E. (Jun 20, 1987). "End of the World: You Won't Feel a Thing". Science

News. 131 (25): 391. do1:10.2307/3971408

22 Lambourne, Robert J. A. (2010). Relativity, Gravitation and Cosmology (Illustrated

ed.). Cambridge University Press. p. 222.
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own Milky Way galaxy, that do
not have an active center and do
not show any activity similar to a
quasar, are confirmed to contain a
similar supermassive black hole
in their nuclei (galactic center).
Thus it is now thought that all
large galaxies have a black hole
of this kind, but only a small
fraction have sufficient matter in
the right kind of orbit at their
center to become active and
power radiation in such a way as
to be seen as quasars. (23)
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Alexander Tchekhovskoy et al, Three-dimensional relativistic MHD

simulations of active galactic nuclei jets: magnetic kink instability and
Fanaroff—Riley dichotomy (24).
We still aren’t sure what gives the jets this stunning power, but a team of

researchers thinks they are narrowing in on a reason. The jets get an

23 https://en.wikipedia.org/wiki/Quasar#cite note-DiMatteo2005-34
24https://phys.ora/news/2016-06-black-hole-jets-galaxies 1.html#jCp
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energy boost from the rotational energy of the black hole, they say in

a paper published in Nature. ...

To investigate further, the research team looked at data for 217

supermassive black holes. They noticed that black holes with brighter

accretion disks have more powerful jets—clear evidence of a correlation

between the two. However, "most of the jets were producing 10 times

that of their accretion disks," reports Daniel Clery for Science.

That discrepancy gives support to the idea that the black hole’s spin plays

a role, according to the lead astrophysicist, Gabriele Ghisellini of the

National Institute for Astrophysics in Merate, Italy. Cleary writes:

The most popular explanation of
how jets form is that the fast-
spinning accretion disk, which
contains charged particles, will
produce a powerful magnetic field
that is in contact with the black

hole. If the black hole is spinning,

it drags on the field, winding it

into a tight cone at the rotational

poles of the black hole. It is this
twisted (s «aséle) field that

accelerates particles away from
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the black hole as jets and, in the | s 48Ua Cilapuall 22l coda Cadill dlac

process, extracts energy from the | ¢xjally (JSall) gl GEl ) 550 (e

rotation of the black hole (25). (B BT 55 (g ) iy 15 ) Ll
(S

Oldest Monster Black Hole Ever Found Is 800 Million Times More
Massive Than the Sun (26).
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Astronomers explain mystery of magnetically powered jets

produced by supermassive black holes (27)

June 17, 2016

A simulation of the powerful jets
generated by supermassive black
holes at the centers of the largest
galaxies explains why some burst
(< olsasl el jdadil) forwards (pasi)
as bright flares (d=¥ <l ladil)
visible across the universe, while
others fall apart and never
penetrate the halo of the galaxy.
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About 10 percent of all galaxies
with active nuclei - all supposed
to have supermassive black holes
within the central bulge - are
observed to have jets of gas
spurting ( slad axh eay) in
opposite directions from the core.
The hot ionized gas is propelled
(2) by the twisting magnetic
fields of the rotating black hole,
which can be as large as several
billion suns.
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A 40-year-old puzzle was why
some jets are hefty and punch out
of the galaxy into intergalactic
space, while others are narrow
and often fizzle out (_"ux) before
reaching the edge of the galaxy.
The answer could shed light on
how galaxies and their central
black holes evolve, since aborted
jets (mgaall laaxill) are thought
to roil (S~ «==_») the galaxy and
slow star formation, while also
slowing the infall of gas that has
been feeding the voracious ( <
~¢) black hole. The model could
also help astronomers understand
other types of jets, such as those
produced by individual stars,
which we see as gamma-ray
bursts (<) or pulsars,
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"Whereas it was rather easy to reproduce the stable jets in simulations,

it turned out to be an extreme challenge to explain what causes the jets

to fall apart,” said University of California, Berkeley theoretical

astrophysicist Alexander Tchekhovskoy, a NASA Einstein postdoctoral

fellow, who led the project. "To explain why some jets are unstable,

researchers had to resort to explanations such as red giant stars in the




jets' path loading the jets with too much gas and making them heavy and

unstable so that the jets fall apart."

By taking into account the
magnetic fields that generate
these jets, Tchekhovskoy and
colleague Omer Bromberg, a
former Lyman Spitzer Jr.
postdoctoral fellow at Princeton
University,  discovered that
magnetic instabilities in the jet
determine their fate. If the jet is
not powerful enough to penetrate
the surrounding gas, the jet
becomes narrow or collimated; a
shape prone to kinking ( Jse J<
¢ ¥ M) and breaking ( «g Ul
Jhk=3), When this happens, the hot
ionized gas funneled through the
magnetic field (s ao il
(uhlizall Jadll) spews (i «asdy)
into the galaxy, inflating (&) a
hot bubble of gas that generally
heats up the galaxy.
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One explanation for the mismatch
involves an unexpected
appearance of dark energy in the
young universe, which is thought
to now comprise 70% of the
universe's contents. Proposed by
astronomers at Johns Hopkins, the
theory is dubbed "early dark
energy,” and suggests that the
universe evolved like a three-act
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Figure 1. Void and wall galaxies in the SDSS. Shown is a projection of a 10 &
' Mpc slab with wall galaxies plotted as black crosses and void galaxies plotted
as red crosses. Blue circles indicate the intersection of the maximal sphere of each
void with the midplane of the slab (34).

33 o LSl ee G 3 ganae d) a4l g (g da 3N (4 e 214 .

34 Pan, D. C., Vogeley, M. S., Hoyle, F., Choi, Y.-Y., & Park, C. 2011, ArXiv e-prints.
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Some of the Articles emphasizing the Explosive Origin of Cosmic
Voids:
1) Title: On the explosive origin hypothesis for present-day

cosmic voids and peculiar velocities ()

b o) o Ea)
https://articles.adsabs.harvard.edu/pdf/1989ApJ...337....1N
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General similarity solutions are obtained for spherical, cooling blast

waves in an (Q») much less than Omega = 1 universe, given an
energy input that is some power of time (37). The distortion of the
microwave background is calculated in terms of the present-day
peculiar velocities and the present-day voids in velocity space caused
by the explosions under the assumption of sustained energy input.
The predicted distortion is found to be marginally consistent with
the present-day observations and could provide a test of the model

in the near future. It is briefly noted that high peculiar velocities of
galaxies at the epoch of their formation make dark matter capture
by them questionable and also that explosions in a shadow sector
would trivially overcome some of the potential problems of the
model. (ED).

Although the main stream of mediaeval thought denied the existence
of the vacuum, some scholars did distinguish between intra-cosmic
and extra-cosmic voids. The extra-cosmic void was bound up with the
problems of linear motion of the cosmos (that part of the universe

existing below the heavenly vault) and whether the universes at within

avoid (14).

37 ém= (4?") r3p. W, is the mass of the shell,
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The galactic core of Messier 87 as seen

by the Hubble Space Telescope with its | {jaa 4¥ic = P LRpw A oy 1-6-“)

blue plasma jet clearly visible e ik £ A5 (3233 g”_a)w).d\)(“a”
(composite image of observations in o
2=

visible and infrared light)

https://en.wikipedia.org/wiki/Messier 87
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38 https://www.scientificamerican.com/article/strange-but-true-black-holes-sing/
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Shadow of the black hole (40)

photons on geodesics located |35 gall Apwdgall Cligigdll  a jas

within the apparent boundary that
can still escape to the observer
experience strong gravitational
redshift and a shorter total path
to a smaller

length, leading
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69310 i, Coxall 7 53 Hhil ¢ maa ) sedie 1 Ganall aSa LA (217
40 The Astrophysical Journal, 528:L.13-L16, 2000 January 1
https://iopscience.iop.org/article/10.1086/312423/fulltext/
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integrated  emissivity,  while

photons just outside the apparent
boundary can orbit the black hole
near the circular photon radius
several to the

times, adding

observed intensity (Jaroszynski &

Kurpiewski 1997). This produces

a marked deficit of the observed
intensity inside the apparent
boundary, which we refer to as
the "'shadow"" of the black hole.
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Black Holes and Tidal Forces
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Black hole tidal force: The difference in
the force of gravity exerted by a body of
mass M on one end of a body of mass m to
the other (oriented along the radial
direction, dimension r) is

1 1
R+05r (R—O.Sr)}

For a supermassive black hole of 100

AF :GmM{(

million times the mass of the sun, and an

event horizon radius of R, =280 million

km, the tidal acceleration near the event
horizon of the supermassive black hole
would be very small; 2.3x10° m/sec®. This
acceleration is far less than what a human
normally experiences on the surface of
Earth. Thus, one would have no sensation
of having crossed over the black hole's

event horizon before it was too late.
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Interacting with black hole horizons

(166 sdl) (el ae Eubiy il 155)

In terms of visual appearance, | ‘pawal I Gl (g padl jelaall Cus e

observers who fall into the hole notice ng‘y\ Gshad 3 sl @ Oshin )
the subsequent apparent horizon as a | . .
_ _ 3Mia pe el A8l G (g jalkl)
black impermeable area enclosing the
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Qutside the event Horizon:
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Inside the apparent horizon (Guad g &aldis):
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Water is pervasive (i) throughout the universe (45): Astronomers

found a reservoir of water measuring 140 trillion times the earth's

ocean water in space. The reservoir of water is the most distant ever

discovered in the universe, said two teams of researchers.
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45 https://www.space.com/12400-universe-biggest-oldest-cloud-water.html

http://www.ibtimes.com/astronomers-find-largest-most-distant-reservoir-water-301099

https://www.sciencedaily.com/releases/2011/07/110722142103.htm ,

https://www.dailymail.co.uk/sciencetech/article-2018585/Moist-black-hole-home-largest-
farthest-water-reservoir-detected-universe.html

https://www.nasa.gov/topics/universe/features/universe20110722 .html
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Massive water reservoir discovered towards Earth's core (47)
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47 References: Science 13 2014: Vol. 344 no. 6189 pp. 1265-1268 . DOI:
10.1126/science.1253358 . Authors: Brandon Schmandt, Dept of Earth and Planetary
Science, University of New Mexico, Albuquerque, NM, USA. Steven D. Jacobsen, Dept
of Earth and Planetary Sciences, , Evanston, IL, USA. Thorsten W. Becker, Dept of Earth
Sciences, California, Los Angeles, CA, USA . Zhenxian Liu, Geophysical Laboratory,
Carnegie Institution of Washington, Washington DC, USA. Kenneth G. Dueker, Dept. of
Geology and Geophysics, University of Wyoming, Laramie, WY, USA.
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The first direct image taken of a supermassive black hole (57).
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https://imagine.gsfc.nasa.gov/science/objects/black holesl.html#:~:text=The%20event%
20horizon%20is%20the%20%22p0oint%200f%20n0%20return%22%20around,the%20Sc
hwarzschild%20radius%20mentioned%?20earlier.
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Accretion Disk: A whirling disk of superheated gas and dust likely spins
at near light-speed around the M87 black hole. The disk emits heat, radio

noise, and huge x-ray flares—some of which stretch more than a hundred

thousand light-years long.
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(Yawm (Judgment Day) when We will fold the Sama in a way that resembles
how the registrar or the record folder folds the books (documents) it contains.
As We began the first creation, We will repeat it. [That is] a promise binding
upon Us. Indeed, We will do it.) (Sura Al-Anbiyaa, verse 104).
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