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Fundametal physics today is comprised of two
Standad Modds (SM), one for the theory of Ele-
mentaryParticles andthe othe for Cosmology. Both
modelshave beentestal to progressiely greder ac-
curagy, bringing theay andexperimen closer at ev-
ery step. The cosmdogy forefront is muchin the
news asspacebasel telescope have opered up new
frontiers of observation.It hasbeenshown thatthe
tiny ripplesin the microwave radiaion thatfills all
spa®, obey precisely the modelrequred to explain
the formation of galaxies. In Particle Physicsonly
the so-cdled Higgs particle needsto be discovered,
everything elseis modeledaccuately to partsin a
million. Neverthdess, one needsto be cautoned
againg ary seng of finality in the knowledge of
physics. Towardsthe end of the nineteenthcentuy,
with the consolidation of Newtonianmechanics, the
end of physics appearedto have beenreacled. The
adwent of SpecialRelatvity and QuantumMechan-
ics all but blew away thatcomplacence Oneshoud
therdore take stock of whatis appeling andelegant
abou our preset theotlies,asalsowhatmayhold the
key to their further development.

Fundamental Forces. Unity or Diversity?

Let us note two outstanding puz4es. According to

Figurel: This showvs a curved surfacewith a curvi-
linear coardinate sysem. Local referenceaxes at
grid points P andat Q have different scalirgs. The
circlesshavn ateachgrid point do not belorg to the
curvedsurfaceitsdf, but representanauxiliary inter-
nal spa@. For the intemal spae the origin canbe
independenly choenatdifferent points e.g., O atP
andO’ atQ.

Thesethree forcelaws, which consttute the Standad
Model, have anidentical, almostrepettive structure.
Theseappaently differentforce laws have the same
undetying principle (likeinversesquae law for both
Gravity andElectricity). Whatis morecurious,these
laws can be understoa by a geometic principle

B|g Bang hypohegs the Universe Wascompessed which seems identical in Splrlt to that ObQ/ed by

to stupendows densties at the early epodis of the
Universe Under such condtions Gravity is ex-
pectal to obey the principles of QuantumMechan-
ics. But despte severd ingenious attemps, we do
not yet have a consstert theay of Quanum Grav-
ity. Secondy, thereis a curiosty with the nu-
clearforces According to thewell-known Glashow-
Salam-Winberg theay, Electranagnetc force is a
des@nder of a morebast Electroweak force com-
bining both the Electromagetic and the Weak nu-
clearforce, while the Strongforce is independent .

Gravity, althoughdifferentin specfic form.

To understam this similarity of the undelying
principle, rememberthat Specid Relatvity stipu
lates a teamof obsevers spreadacrass spae util-
ising identcal rodsandclocks. But the principle of
GeneraRelatiity statesthatGravity is correctly ob-
tainedby demandng thatits equationsareinvariant
evenif thememberof thesameteamusedifferently
scaledrodsandclocks This s referral to asgauge
(i.e, scalg invariance.

The Electroweakand Strongforces too obey such



gaugeinvariance In short,all the four forcesof na-
ture obey sepaate gaugeinvarian@s. This requires
deeper undestanding. Furthe, theinvariane of the
gravitationalforceis tiedto spacetimeframeswhile
thatof thenudearforcesis tied to a hypotreticalin-
ternal space (seeFig. 1).

Towards extra dimensions

It turns outthatthe seemingpuzzle canbe explained
if oneassunesthatthe hypotheticd internal spaeis
actudly just like the real space only thatits physi-
cal sizeis microxopic. Inded, it wasKaluzaand
Klein who first shaved during 1920s and 30’s that
the electic chage inherentto matterwasa resut of
the curvature of this extra dimenson, just as grav-
ity is a consguene of curvatureof the real spae-
time coninuum. However, for along time this idea
could not be confirmed. It wasin the early 1980’s,
that theseideaswererevived with the adwvert of the
String Theory of matter This theay podulates that
the fundamentalentities behird the facad of com-
mon matter are strings, which obey both the prin-
ciples of Relativity aswell as QuantumMecharics.
Thetheay alsointroducedanother appealing ideaof
Supersymmetry a coneept difficult to explain in the
shot spacéhere.But whatis importantis thatfor this
ideaof supesymmetryto betrue, the String Theory
hadto beformulatedin a spacetime coninuumwith
10 dimensons! It hasbeenshavn that both Gen-
eral Relatvity aswell as Gaugetheay are specal
casedf this physics of Supersting. Theelegane of
String Theoryresicesin the fact that all the forces
of natue can be explained purdy from geometic
consderaionswithout assigning sepaatechargedo
sepaate forces. It also ensuesa corsistert Quan-
tum behaviour of Gravity. Now this String Theory
suggestsnovel kind of geometies known as brane
worlds (from membrae) and we could be confined
to sucha brane. Extradimersionsbeyond our brane
would be possble to probe with high enegy accel-
eratas. Therecoud be several branes similar to the
oneonwhichwe live; andpertapsthe Big Bangsep-
aratel suchworlds out, leaving little informationin
our present world which exists at far lower energies
compaed to that at the beginning. Of course, the
theay of strings seemdo have only found a mathe-
matical paradise. For, we do not actualy live in 10

dimensims. So howv do we explain this mismatcl?
Thereare several known examples in which a uni-
versaltheoryremairs hidden. For instance the fric-
tion andelagic forces aremanifestatians of Electro
magnetisn, which requiresonly oneuniversalnum-
ber, thevalueof theelectran’s chage. But eachsub
stancearequresdifferent valuesof friction andelastc
coeficients, becawse the undelying universal force
is hidden. Perhag the dimensonality mystey will

be similary tacked.

Currert reseach at [IT Bombayfocuseson unifi-
cation of forcesusing early Cosmoloy asthe test
ing ground asalsothe mathematicsof String Theory
We have studed proposalsthatwill unify thenudear
forcesinto a more elegant theory, and also identi
fied mechaismswithin them thatcanexplain oneof
the outstandng cosmicmysteres, the prevalenceof
matterandthe abseie of anti-mater, the so called
barya-asymmaety of the Universe Furthe work is
propcsedto derive suchunified theoiies from brare
compacification of String Theory Futureprospects
in this field are exciting, as cosnological dataare
only now becaning easly available.
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