TAKVEEN - KHWARZIMIC SCIENCE SOCIETY
http:/mnww.khwarzimic.org/takveen/index.asp

—__-T

Pkl s

SCIEMCE SDCIETY

Searching for Identity in
Our Little Corner of the Universe

Saman Hameed

Dr. Salman Hameed is a post-doctoral fellow at University of Massachusetts and Smith
College. He also delivered a trilogy of lectures for the Khwarzimic Science Society on
cosmic evolution. See http: //imww.khwar zimic.org/activities for details.

Identity plays an important role in our lives Race, nationdity and reigion are just some
of the ways in which we identify oursdves. Our passports are usudly based on the place
we are born or the place where we live. All these expressons of identity, however, are
limited to a piece of rock orbiting an average dar locaed in a gdaxy of roughly 200
billion gars. What is our identity, no matter how inconsequentia, with respect to the vast
cosmic ocean?

Our Sola system was born in a spird gdaxy, the Milky Way, roughly 4.6 hillion years
ago. Milky Way is dasdfied as a spird gdaxy because its brightet and most prominent
das are didributed in a spird pattern confined to a thin disk; our Sun is part of this disk.
From a dak locaion on a dear summer night, a midy band of light can be seen
dretching across the sky. This migy band is the disk of the Milky Way and is the best
view of our hog gdaxy. Gdileo, in ealy 17th century, was the firs person to look a the
Milky Way with a tdescope and saw that it was composed of countless individud dars.
Since we ae located "in* our gdaxy, it is impossble to teke a picture of our gdaxy from
outdde and to be able to see its fabulous spird dructure.  This is like being in a forest
that you cannot leave. You can only see the trees and can only guess the shape of the
forest. We have learnt about the shape of Milky Way by carefully studying the motion of
dars and gas cloudsin our gdlaxy and by comparing those with other nearby galaxies.

The locaion of our sun within the Milky Way disk is another lesson in humility for
humans, who have dways had an inflated sense of sdf-importance and grandeur. We are
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located approximately 28,000 light years from the center of our gdaxy. This means that
light, traveling & a spectacular gpeed of 300,000 kilometers in one second, takes 28,000
years to get to us if a light bulb is switched on near the Gaactic center today, we will not
detect itslight until the year 30,003!

Figure Looking into the centre of the Milky Way. This image was recondructed from the
COBE data. The centrd bulge and extended disk of dars can be seen clearly. This image
is taken from http: //antwr p.gsfc.nasa.gov/apod/ap950908.html.

Being in the outkirts of our gdaxy, the solar commute is long. Even travding & an
enormous speed of 800,000 kmvhr (220 kmvs), it takes our Sun about 230 million years to
complete one orbit around the Gdactic center. Early dinosaurs ruled the Eath when we
lagt vigted this part of the gdaxy. If we consder one orbit as one Gaactic year, then our
Sunisonly 20 Gaactic years old snceits birth 4.6 billion Earth years ago.

Our Milky Way, however, is not unique. There are more then 100 hillion gdaxies in our
universe. Some ae andl and some ae large. Some exhibit a spird pettern while others

ae dlipticad or irregular in shape. On a dark, moonless night, one can see through a
neked eye a sndl and fant fuzzy pach in the conddlation of Andromeda This fuzzy
patch is our neares spird gdaxy, Andromeda, dso known as M3l (the 31¢ object in
Charles Messier's catdog of 1774 AD).

The Andromeda gdaxy contains roughly 400 hillion dars and is located 2 million light
years awvay. This is the largest and mogt digtant object that an unaided human eye can see.
When you fix a gaze towards the Andromeda gdaxy, the light photons hitting your retina
a tha vey moment dated their journey when ealy hominid species were getting
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familiar with ther firg gone tools. With prior knowledge of the sSze and digance to the
Andromeda gdaxy, your bran can then potentidly convert this photon informeation from
retina into emotiond fedings of awe, wonder and humility; what a way for light photons
from Andromeda gdaxy to end ther 2 million year journey!

Not dl dars in spird gdaxies are located in the disk. A bulge, composed of reatively old
dars, surrounds the centrd regions of spird gdaxies The sze of bulge is different for
different gdaxies and may be rdaed to how gdaxies foom and evolve. The Milky Way
and the Andromeda gdaxy have a medium szed bulge The bulge and the disk of spird
gdaxies are surrounded by a large spherica hdo of very old gars Some of these hdo
dars are anongs the oldest objects in the universe. Life forms on a planet around a hado
gar would have an incredible view of the spird ams.

The mog intriguing aea of soird gdaxies is ther nudear region. The dengty of dars
near the nucleus increases dramaticdly. For a planet orbiting around a dar in such a
region would never have nighttime because of light from the surrounding dars. The
center of the Milky Way gdaxy is enshrouded in dust and gas dlouds, thus obscuring our
view in vidble light. This vell of dud, however, is lifted in the light of radio waves
uddenly exposng a complex and myderious place The center of the Milky Way
contans a compact object cdled Sagittarius A* which is the brightes source of radio
emisson in the gdaxy. Studies over the past few decades meke a convincing case tha
Sqittarius A* is a black hole, containing the mass of a million suns. In fact, asronomers
now bedieve that centers of most spird gdaxies contan these giant black holes. The
origin of these black holes is dill uncertain; ether they were formed from the collgpse of
da duders in the nuclear regions of these gdaxies or perhgps these black holes are
primordia seeds around which these gdaxies formed.

Soird gdaxies are usually found in loose collections of severd gdaxies cdled groups
The Milky Way and the Andromeda gdaxy are the largest members of the Locd Group
that has 40 members and roughly spans 100 million light years. There is only one other
oird gdaxy in the group, M33, which is located 3 million light years away. Jus like the
Cold war era when amdler countries were digned ether with the United States or the
Sovig Union, the mgority of gdaxies in Locd Group are gravitationdly bound to ether
the Milky Way or the Andromeda gdaxy. The Large and Smdl Magdlanic clouds are the
two lagest sadlites of Milky Way and ae located 180,000 and 210,000 light years

away, respectively.

The large dze of our universe would meke us bdieve that gdaxies more or less live
independent  lives However, the serene look of large gdaxies contregs with ther
canibdidic tendencies Gaaxies, like the Milky Way, routindy swdlow smdler
gdaxies The das of many such cannibdized gdaxies are now the inhabitants of the
Milky Way. Even today, Milky Way is in the process of ripping goat a sndl gdaxy
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cdled the Sagittarius Dwarf, and will complete its assmilation in the next few million
years.

Sometimes, however, even the heavyweghts collide Contrary to our expectations,
individual gars do not collide in such an encounter. The digances between gars within a
gdaxy are 0 lage tha sars of each gdaxy would pass right by eech other, though the
gravitetiond force of passing sars may disurb therr orbits The gas douds on the other
hand, would bump and crash into each other resulting in a short term burgt of intense dar
formation...genesis a the center of mayhem and chaos. In a merger of two spird gdaxies,
the spird dructure is log and the resulting gdaxy may have an irregular or dlipticd
shape. Wheress, large corporate mergers in the busness world may teke only a few
months or a few years a mog, lage gdaxy mergers usudly teke a few hundred million
to abillion years

Colliding Galaxies NGC 4038 and NGC 4039 HST « WFPC2
PRCY97-34a « ST Scl OPO » October 21, 1997 « B, Whitmore (ST Scl) and NASA

Figure. The cdlision between our gdaxy, the Milky Way, and the Andromeda gdaxy
may resemble the image of these two calliding gdaxies, NGC 4038 and NGC 4039. The
image on the left is a ground-based image showing a long tal of dars extending from
both gdaxies The Hubble Space Telescope image on the right captures the centrd region
of the meger and shows numerous young blue dar duders coming into  view.
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Photograph, courtesy Space Telescope Science Ingtitute and NASA.

Wha is the fate of our own Milky Way? In a sucddd plunge, the Andromeda gdaxy and
the Milky Way are headed towards eech other & a fantastic speed of 500,000 km/hr. At
this rate, the Andromeda gdaxy will be a our doorgeps in roughly 5 hillion years Our
Sun may have burned out by then and Eath left as a lifdess cinder. Humans or some
other technologicd dvilization from Eath may have dready migrated to planets of other
da systems, and may ill be around to witness the collison of the two behemoths of our
Locd Group. Both the Milky Way and the Andromeda gdaxy will lose thar respective
oird dructures and individud identities to form one large dlipticd gdaxy. During the
merger, however, lage ges douds from both gdaxies will collide to form copious
number of new das A number of these new das will have planets and conditions
auitable for the devdopment of intdligent life For bengs from that civilization there
would be no band of light across the ky to create rdaed Divine mythologies | can
imagine curious adronomers deducing the dlipticd shgpe of ther gdaxy by looking a
the roughly uniform didribution of gas in the ky. Will they ever know about the
exigence of an andent dvilization that thrived long before the Great collison, which had
deved oped myths and legends around amisty band of light thet crossed their night sky?



