Structure

Subodh Patil Forma‘tion in the

e e | ONIVErse; From
the Big Bang'to the
Big Rip?
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The Universe is full of different structures with vastly
different characteristic scales.



Can you conceive of a number this big?

1027



Can you concelve of a number this small?

10—35

(I have great difficulty in doing so!)



0—35
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Metric Prefixes

Metric prefixes are pretty casy to understand and very handy for metric conversions. You don't have to
know the nature of a unit to convert, for example, from kilo-unit to mega-unit. All metric prefixes are
powers of 10. The most commonly used prefixes are highlighted in the table.

Prexis Symbol Factor
yotta Y 1074 = 1,000.000,000,000,000,000,000,000
zetta Z 1021 = 1,000,000,000,000,000,000,000
exa E 10'* = 1,000,000,000,000,000,000
peta P 101 = 1,000,000,000,000,000
tera T 10'2 = 1,000,000.,000.000
giga G 107 = 1,000,000,000
mega M 10° = 1,000,000
kilo k 10° = 1,000
hecto h 102=100
deka da 10 =10
deci d 107t =0.1
centi ¢ 102 =0.01
milli m 10 = 0.001
micro n 10°° = 0.000,001
nano n 1077 = 0.000,000,001
pico p 107"2 = 0,000,000,000,001
femto f 10715 = 0.000,000.000,000,001
atto a 107" = 0.000,000.,000,000,000,001
zepto z 10721 = 0.000,000.,000.000,000,000,001
yocto y 1072 = 0.000,000,000,000,000,000,000,001

Most people even in the countries where metric system is used only know the most important metric
prefixes like 'kilo' and 'milli. They are very handy for understanding metric conversions. The prefixes
like 'zepto' or 'yotta' are very specific and used mostly in science.
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1073° m

S Tenbilllon light-years

SR 13.8 billion Hght-years /

The Hubble horizom the edge of the
observable universe.



These scales of the Univers
are far beyond those of our
SOSNERI & SELJS




But we can bring them back
to a moreAhuman scale by
O2YOISNIUAY3I GF




. But we can bring them back
c = speed of light to a more human scale by

O2YOSNIAY 3T GF



But we can bring them back
c = 299792 Km/second  to a more human scale by
O2YOISNIUAY3I GF



c = 299792 Km/second  Butwe can bring them back
to a more human scale by

. . D2 Y BSNUAY I Uk
speed = distance/time Ozy@sNUAy 3 d



c = 299792 Km/second  Butwe can bring them back
to a more human scale by

. . D2YOBSNUAY T UF
speed x time = distance O2yOSNUAY .



(amount of time |iC navigate the earth)



1 second

(amount of time light takes to travel to the moon)



8 minutes 2




5 hours
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(amount of time light takes to travel from the Sun to Pluto)
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VIRGO SUPERCLUSTER

- 55 million years

' NGC 6744

1

AN_GC 5128

R

e

Sculptor'l & ‘Maffei MEE

i

NGC 102373

#

-

.

a dzLJS



Capricornus

Pisces-Cetus
Superclusters

Fornax
Void

Supercluster

300 million years

Ophiuchus
Supercluster

Capricornus Void
Corona Borealis

Void
Paveiridus Microscgpium
Void
Supercluster
3 Centaurus
Supercluster
Hydra-Centaurus pe
Sculptor Void Supercluster
§iulptor
Superclusters #
. 3 Hydra "

Phoenix
Supercluster

T

““Horologium
Supercluster

Coma

3 Supercluster
Perseus-Pisces

Supercluster

e
3 Canis Major
e Void
Columba
Void ’
PO e X7
ey ~ Columba

Supercluster

Sextans
Supercluster

LOCAL SUPERCLUSTERS

Corona-Borealis
Supercluster

TCUls
SupercluSters

Bodtes
Superclusters

Bodtes Void

Shapley
Supercluster

Supercluster

Leo
Superclusters

,./:- i.



201




Ll s
: _...N\..




How did this all come to be?



Cosmologyg a brief historical overview

A For all intents and purposes, modern cosmology begins wi N Einst

A In trying to make Newtonian gravity consistent with special felatili
Einstein realized that: |

ADNI gAGeé AayQid a2 YdzOK + FT2NR
spacetime

ACKS 069AvYyail®ryunwdljyddetermiBeyhawQpacetime
reacts to the presence of masses, and v.v.

odzi I R

A The orbits of planets around stars is simply
the consequence of masses moving along
G0N AIKGO fAYySa 63S2RSaArA0a
geometry.
A Geodesics c.f. airplanes on the surface of
the earth.
A Spacetimds dynamical!
A The same must be true of the universe on
the largest scales.
A But this cannot be, right?




Cosmologyg a brief historical overview

A Einstein was so embarrassed by the fact that his theory ;

predicted an expanding/ contracting universe, he modified it
Aad¢KS oA3IIASaldG ofdzyRSNI 2F Yeé
A0 ynO"Y +°Q ¥N the cosmological constant* . ('@
A Until of course, Hubble observed that all distant galaxies - .

all moving away from us, by looking at how the spectrum of
hydrogenwas red KA T SRQ
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Mowing towards you: blue-shift

&t resi

Moving away from you: red-shift




Cosmologyg a brief historical overview

| dz6 6 f SaOf | &
A This implies that the universe is expanding.
A Rewind the film far back enough, then all matter must have
been squeezed into some very hot, dense initial state.

10*
1
1

3 LR TR A Friedmann Lemaitre, Robertson and

' Walker wrote down solutions to

! OAYAUSAYQa SljdzZ dA2ya
| | dzoof SQa I g

A Implies that the universe began in

Velocity (km s™')
5000
T

AR az2YS az2NIl 2F | 66A3 ol
0 - T A Lemaitre referred to the initial state
e 4 O0KS BLINAYS@EE G2YQ

Figure 2.5 A plot of velocity versus estimated distance for a set of 1355 galaxies. A straight-
line relation implies Hubble’s law. The considerable scatter is due to observational uncertain-
ties and random galaxy motions, but the best-fit line accurately gives Hubble’s law. [The
z-axis scale assumes a particular value of Hy.]



The Big Bangmodel is the simpleresult of 9 A V' & eduatigh® &ith added simplifying
assumptions of symmetry (homogeneity, isotropy) and the properties of matter
(thermal equilibrium)X and It makespredictions!




Fluctuations
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The Cosmic Microwave Background






