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Outline

● Antecedents of Cosmology
● General Theory of Relativity “images on astronomers’ plates”
● “The first Three Minutes”
● The Big Bang <--> Grand Unification connection

– Meltdown of spontaneous symmetry breaking
– Baryogenesis and gravitino bound

● Cosmic Microwave Background (CMB) analysis
● Mentor Crusader ... personal glimpses
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proto-Cosmology before 1964

● A. A. Friedmann’s 1919-22 solutions – ever expanding or 
recollapsing universes

● Telescopes (Lowell, Mt Wilson) under clear skies in the USA
● Henrietta Leavitte develops a calibration of the Cepheids
● Edwin Hubble draws the line
● Rapid developments in quantum theory and nuclear physics

– Nuclear fusion as energy source in stars
– Primordial nucleosynthesis – formation of Helium and others
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Friedmann 1919-22 discovers the truth of gravity
His papers are ignored
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Leavitte         
Hubble 1929
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Alpher and Gamow do the first ever 
calculation of
Primordial Nucleosynthesis 1940’s

( Bethe added as second author to get
         Alpher Bethe Gamow)

The work is ignored

Hot compact origins 
are ridiculed as the

       Big Bang
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Graphic : Micheal van 
Biezen

Alpher and 
Hermann 
1948

Temperature 
of the residual 
radiation after 
first neutral H 
forms
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Penzias and Wilson 
(Bell Labs NJ) stumble 
upon the 

Cosmic Microwave 
Background

1964
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Weinberg comments ...

In 1964 Brandies lectures
Weinberg remarks 

1) CP violation disovered
2) The Big Bang is established

Hence the possibility of dynamical creation of
Matter-anti-matter asymmetry 

Urjit Yajnik
ei
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The Big Bang – GUT connection

● Running coupling in gauge 
theory 1973

● Georgi-Glashow propose SU(5) 
Grand Unification 

● Georgi, Quinn and Weinberg 
argue for the high scale 
unification of the coupling 
constants

● Proton decay is a corollary – 
needed for generation of 
baryon asymmetry 
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The Uroboros

Glashow borrows from
Norse mythology
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Super-Kamiokande

Proton decay lab also 
becomes neutrino lab 
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Electroweak unification Nobel 1979
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Paradigm – chirality
● Only Left “Chiral” electron 

and neutrino in charged 
Weak transitions

Madam C-S WU
C N Yang                    T D Lee

R E Marshak               E C G Sudarshan 
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Electroweak unification

● Maxwell 1855 put together several related laws
– Magnetic and electric effects
– Formulated Electromagnetism

● Weinberg-Salam 1967 leverage
– Yang-Mills symmetry
– Schwinger-Glashow SU(2)XU(1)
– Marshak-Sudarshan’s left chiral leptons ( V – A theory )
– Higgs ++ mechanism – Spontaneous Symmetry Breaking
– Formulate Electroweak Theory
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A

On a mission to rationalise and 
demystify
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Approach to General Theory of Relativity

● Curved space-time displaces 
“dynamics” ...in most 
people’s minds
– Kaluza-Klain : “geometrising” 

Electrodynamics 

● Weinberg :

General Theory of Relativity 
= 

Relativistic Theory of Gravity
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A● RQM = QFT
– QFT as the one universal tool
– Farewell to “wave equations” and current 

algebra
– Upturning Landau’s pronouncement “QFT is 

dead”
● QFT of Massless particles implies gauge 

invariance
● General Relativity = Classical Field Theory 

with a gauge invariance
– Geometry only as analogy
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A

1972
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2008
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A

Science outreach and opinions
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● Primoridal soup cooled down to neutrons and protons
● Nuclei began to form by fusion
● A crucial input Baryon/photon ratio

➔ Miniscule value 10^{-10}
➔ Thus the Universe remained largely Hydrogen and 

Helium



  27



  28

Scientific speculation

● String Theory
– Super-Gravity and extra dimensions – N=8 d=11
– Healthy rivalry with Salam 
– Lectures course 1986

● Multiverse
– String Theory landscape ~          possibilities for universes
– If math deems it right the unseeable worlds “must be there”

10500
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Scientific speculation

● Cosmological constant – “Anthropic” argument
– Rephrased anthropic principle
– “Prediction” of Dark Energy 1987; 1993 – confirmed 1998
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Dreams of a Final Theory

● We are essentially within the Newtonian 
paradigm

● It is likely that key observations will nail down 
which string theory

● All the phenomena may come under complete 
control and the paradigm of Newton’s 
“Mathematical Philosophy of Nature” may reach 
completion
– But unlikely to happen in this century !
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A

Crusader for the ethos of 
Enlightenment
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The Enlightenment has made the world “a freer and gentler 
place” he said, through its emphasis on the power of reason and 
its skepticism about many traditional social, political and 
religious ideas. 

Nobel laureate Steven Weinberg asked 
Bates College’s graduating class [2002] to 
join him as “allies in a movement that is 
about 300 years old – the movement 
known as the Enlightenment.”
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Personal 
reminiscences
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Texas Gharana

John Archibald Wheeler    E C G Sudarshan            Joe Polchinski
● Quantum Gravity : Bryce & Cécile de Witt and Teitelboim (Bunster)
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A

● Texan friendliness
● QFT lectures

– Q&A
– Americanism

● “Brown Bag” seminars
– After the talk

● Thesis and Associateship
● “ ... with my students”
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Thank you very much for your interest 
and attention

Perdon si quando quiero contar mi vida
Es tierra lo que cuento
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