Sermons in Stones

(and In Isotopes):::




e With the adoption of the heliocentric model t e
size of the universe increased enormously: the
very small value of stellar parallax implies that
the universe is very big.

e But how old is it? It may be eternal, but can we
at least say that it is older than some particular
age? It is definitely older that 175 years, the age
of Chicago.

e Biblical scholars tried to count ages of various
biblical personages. They got numbers for the

day of Creation from about 4000BC to 5500BC;
no two of them agreed on the same date.

e The next word belonged to geologists...



e Geology as a science started in ancient Greece;,
by Aristotle’s pupil Theophrastus (372-287 BC).
He classified rocks, but paid no attention to their
arrangement.

e |deas of erosion and sedimentation were
developed in Arabic world and in China.

e By mid 1700 mining and canal building produced
a wealth of geological data; fossil collections
became popular.

e William Smith (1769-1839) made a first
geological map of England in 1815. He also
proposed that rocks are layered according to
their age.
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James Hutton (1726 — 1797) | ::::

e He played a role in geology
similar to that of Newton in
physics.

e In his 1785 paper “Theory of the
Earth” he explained that the
Earth must be much older than
had previously been supposed
in order to allow enough time for
mountains to be eroded and for
sediments to form new rocks at
the bottom of the sea.




e His theory was -
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e At the same time biologists were also struggling
with explaining where the dinosaurs had gone 1o.

e Jean-Baptiste Lamarck (1744 — 1829) proposed
a transformation theory. animals do change over
time, in order to climb the hierarchical ladder of
perfection, with the humans on top.

e Charles Darwin (1809-1882),
Alfred Wallace (1823-1913):
theory of natural selection.
There is no any predetermined
ladder, animals change in order
to survive. Humans are just one
kind of animal.




Conclusions from

Geology and Biology :
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Age of the Sun 3

e On the physics front, the Sun was considered a
ball of gas. But why did it shine?

e The only type of energy it has plenty of is
gravitational.

e Lord Kelvin (1824 — 1907) followed
up on the work of Hermann von
Helmholtz (1821 — 1894) to
compute the time the Sun can
shine on its gravitational energy.

e Kelvin — Helmholtz time for the
Sun is 18 million years.




Question

A: Darwin and Wallace are wrong, there is
no evolution and the Earth is very young.

B: The earth is old, but the Sun is young,
It formed after the Earth.

C: Kelvin and Helmholtz missed
something.



Wilhelm Rontgen (1845—1923) | ::::

[Grand-grand-father of the Atomic Bomb] | ¢

e He noticed that a completely
light-tight electric discharge
tube still causes fluorescence
of some materials.

e He proposed the existence of
new kind of rays, which he
temporarily called X-rays.

e First human he tried his rays
on was his wife.




Henri Becquerel (1852—1908) | ::::

Marie Curie (1867 — 1934) e

e Becquerel noticed that a fully
wrapped lump of Uranium still
exposes photographic plates —
discovered radioactivity.

e Curie discovered Polonium and
Radium.

e Becquerel, Curie and her husband
Pierre shared a Nobel Prize. She
then got another one in chemistry.

e Still was rejected by the French
Academy of Sciences.




Ernest Rutherford (1871—1937) :

e Born in New Zealand.

e \Worked in Canada, then
Great Britain, where he
became the director of
Cavendish Laboratory.

e \Was created a baron, and that
cost him his life...

"In science there is only physics; all the rest is stamp collecting."



Ernest Rutherford work

e Came up with the (not quite) correct model for an
atom.

e Performed the first man-made nuclear reaction.

e Discovered that radioactivity was spontaneous
splitting of atoms.

e Proposed that the Sun and other stars are
powered by radioactivity.

e \Was smart enough to trick Lord Kelvin (and
hence saved his career).



Reminder: nuclear physics

e All matter and all radiation in the universe is
made of elementary particles.

e Sometimes these elementary particles live on
their own (like photons, of which all electro-
magnetic radiation, including light, is made of).

e But more often they combine together into
composite particles, those combine into even
more composite particles, etc.



Elementary particles :
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Even more composite particles
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Elementary particles

e Elementary particles have several properties.
For us the two most important ones are

Mass (how they do wrt gravity)
Electric charge (how they do wrt light)

e Elementary particles that matter to us in the rest
of this class:

Electrons
Protons

Neutrons } They are not truly elementary, but...



Atoms .

e An atom is made of an
atomic nucleus,
surrounded by electron
shells, or orbitals.

e Orbitals may have very
weird shapes.

e Nucleus is made of
protons and neutrons;
together, they are called
baryons.




Electron orbitals oot




Electron orbitals

e They have weird shapes
because of Heisenberg's
Uncertainty Principle.
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Reminder: periodic table :
THE PERIODIC TABLE

18
VIIIA
i3 14 15
A IVA VA
-
Li | Be . _ BlC| N
e 3 4 ATOMIC NUMBER () = ESTIMATES 5 6 7
6.94 9.01 ATOMIC WEIGHT 10.81 12.01 14.01
Lithium Beryllium fydrogen - NAME Boron Carbon Nitrogen
L]
Na Mg § 9 10 Al | Si | P Cl
3 b 12 13 14 15 17
22.99 24.31 3 4 5 6 7 r_‘q&_‘ 11 12 26.98 28.09 30.97 35.45 39.95
Sodium Magnesium I I I B I VB VB VI B VI I B I B I I B Aluminum Silicon Phosphorus Chlorine Argon
- L]
K| Ca|Sc|Ti| V| Cr Mn| Fe|Co | Ni Cu Zn | Ga|Ge | As Br Kr
4 19 20 21 22 23 24 25 26 T 28 29 30 31 32 33 35 36
39.10 40.08 44.96 47.88 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.39 69.72 72.61 74.92 79.90 83.80
Potassium Calcium Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Bromine Krypton
Rb | Sr| Y |Zr Nb Mo | Tc Ru Rh Pd Ag|/Cd In Sn | Sb |Te I |Xe
5 KT 38 39 40 4 42 43 44 45 46 47 48 49 50 51 a9 53 54
85.47 87.62 88.91 91.22 92.91 95.94 (97.9) 101.07 | 10291 | 106.42 | 107.87 | 112.41 114.82 | 118.71 121.76 | 127.60 | 126.90 | 131.29
Rubidium Strontium Yitrium Zirconium Nigbium Molybdenum | Technetium | Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony : '}'_elﬂiﬁum lodine Xenon
L]
Cs Ba/La Hf Ta| W Re |Os Ir Pt Au| Hg Tl Pb| Bi Po | At |Rn
6 95 96 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
132.91 13733 138.91 178.49 180.95 183.85 186.21 190.2 192.22 195.08 196.97 200.59 204.38 207.2 208.98 (209) (210) (222)
Cesium Barium Lanthanum Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine: Radon
Fr R a AC Rf Db Sg Bh H s Mt Unnamed Unnamed Unnamed Unnamed Unnamed Unnamed
7 87 88 89 104 105 106 107 108 109 Discovery | Discovery | Discovery Discovery Discovery Discovery
110 111 112 114 116 118
223.02 226.03 227.03 (261) (262) (263) (262) (265) (266)
Fancum | Radium | Actinium | Ruberoum | Dubnium | Seaborgium | Bohim | Hassum | Meimedum | O 100t | Nov-1984 1996 L i s




e Number of protons =
chemical element

e Number of neutrons can vary

Reminder: chemical elements |:
— different isotopes
e Atomic mass = N, +N,

C::,E C;d
e Proton mass: 938.3 MeV/c?

e Neutron mass: 939.6 MeV/c? _» Mass Number = A
e Electron mass: 0.511 MeV/c?

6 Atomic Number = Z




Isotopes that matter

Hydrogen
1 proton

Helium
2 protons

Lithium
3 protons
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Radioactivity :

e Most of isotopes of a given element are
unstable: they decay into other elements with
time.

e The original
Isotope is called a
parent nucleus,
the decay products
are called
daughter nuclel.

0 1 2 3 4 5 6 T 8 9 10 11 12 13
Neutrons



Radioactivity Il

e Radioactive decay is described by the following
differential equation:

av _ 1.
dt T

e wWhich solution is
N(t) = N()e_t/T = N()Q_t/tl/z

e The characteristic time of decay ¢t., is called half-
life time.



Most common radiometric oo
methods

e C-14 = C-13:1,=57,300 yr; used for dating
remains of living organisms.

e U-235 = Pb-207:t,,=0.7 Gyr;

o U-238 = Pb-206: t,,=4.5 Gyr; used for dating old
rocks.

e You can also turn radiometric method inside-out
and compute the abundance of the parent
nucleus from the amount of daughter nuclei.
That way we know what happens in supernova
explosions.



Radiometric dating results

e the Sun is 4.6 billion years old;

e the oldest rocks on Earth are 3.9 billion years
old;

e first bacteria appeared 3.5 billion years ago;

e the (disk of the) Milky Way galaxy is between 7
and 13 billion years old.



Indirect Clues

e Also, using models of stellar evolution, we can
infer that the age of the oldest stars is about 13
billion years. This is not a direct measurement,
since it relies on models of stellar evolution.

e In the Big Bang cosmology the universe is only a
tiny bit older than the oldest stars (perhaps, by
500 million years).

e From cosmological observations, the age of the
Universe is 13.73 £ 0.12 Gyr.



