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= (Elements of Life)
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A few of the elements were formed
before the stars even existed, during
the birth of the universe itself.
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The full scientific understanding of the ®

origin of the elements requires a description o ®

of their build-up from their common ? — ? P—® ®
component parts (e.g., protons and 7 A ® uim
neutrons) under conditions known to exist, ® n

or to have existed, in some accessible place.
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In the broad outlines of
the relevant scientific
thought during this
period one can discern
an ebb and flow
between two views.
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In the second view, a hot soup of nuclear particles
was supposed to have been cooked into the
existing elements before the stars were formed.
This pre-stellar state was generally associated with
an early hot condensed stage of the expanding
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As a consequence, attention turned in the 1940’s to consideration of a
pre-stellar state as the site of element formation.
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This effort was not successful in
achieving its stated goal, and in the
1950’s interest again turned to
element formation in stars.
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By then the existence of a wide range
of stellar conditions which had been
excluded in earlier views had become
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Quark’s charge is truly innovative.

Up quark is two thirds positive.

Down quark is one third negative.

As the particles evolve

Up and down quarks combined two one

To make proton.

They combined one to two

To make neutron, too.

Proton is made to carry charge distinctive.
Neutron is made to carry charge suggestive.




A (Big Bang Nucleosynthesis)
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A (Big Bang Nucleosynthesis)

271109 & A2 ozl Only when the temperature has
~ 9
C}20j|of sHuF20] 2oLt £ olC}, cooled to ~ 10°K, can nuclear

reactions begin.




A (Big Bang Nucleosynthesis)

10 &= Oj4te| HAL &2 |- The radiation field at T) 109K
OFZ{ 2| M2 MM EH=[| 0] ZA}2} generates electron-positron pairs
. _ I which serve to maintain quasi-

okz{ Lol OI=H = Ad OFAd er
S AL —|°!| S 342 84t thermal equilibrium between
Atoje] & Ho| o] F0{ZICt, neutrons and protons.
& -+ I @ +
P e n Ve

e&+ —>.+
p

n et Ve



A (Big Bang Nucleosynthesis)
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In stars, the cosmologically produced

helium-4, together with additional amounts
of helium produced by the stars themselves,
is concerted (via berylium-8) into carbon-
12 from which the heavier elements are

then built.
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“Politics are for the moment.
An equation is for eternity.”
A. Einstein
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d (Explosive Nucleosynthesis)
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Main Sequence

e - Big Bang universe  confined; H/He
- Red Supergiant Explosive Outbursts g'... - y expand free, atom
The Life . sachoe g L star confined, fusion
Cycle of i g
Massive Stars su pernova free
interstellar molecules

earth confined, life

Interstellar Medium




Review

In the beginning
There was an element light,
And to God’s delight
Hydrogen begat everything
Following a scheme so bright

Though chances seemed so slight.




Review

There was a student
At Harvard named Payne.

She was not only diligent

But also quite intelligent.
She studied lines that stellar spectra contain
In the visible domain.

She proved that in stars hydrogen is the most abundant.
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