- PCES 4.55
MODERN ASTROPHYSICS .

The 20™ century brought an appreciation of the colossal
scale of the universe, and an explanation of how it all

worked. The understanding of the stars came from nuclear
physics, quantum electrodynamics, and special & general
relativity. Modern elementary particle theory probes
fantastically high energies (section 4.9), but astrophysical
phenomena near black holes or in the early universe are

| e o ~incredibly
. violent, &

' ,* involve even Artits |mpre53|on of a planet and alien life
' higher in some distant star system.

energies (section 4.10).

On a much smaller scale, humans have for the first time lef
the earth, going to the moon and sending probes beyond Pluto —
in 2005 a probe touched down on Saturn’s moon Titan. 3 places
in the Solar System apart from the earth might harbour life
(Mars, Europa, & Titan), although this is unlikely. However
there are several trillion planets in our galaxy alone (one of 100
billion galaxies in the visible universe). We still lack a basic
understanding of crucial steps in the origin of life on earth, &
L ~have little clue what kinds of complex organised structures may
e ?h‘ e have evolved elsewhere. It is a safe bet that if we met some of

' these we might not recognise them as such. Most discussions of
alien life assume it will have some structural resemblance to
what we already know — this seems unlikely given the very long

Landing of Huyghens probe on Titan, Jan 2005  sequence of earth-specific accidents which gave life on earth.




PCES 4.56

FORMATION OfSTARS & PLANETS

& The original “nebular
4 hypothesis’ for the creation

, Extended by Laplace, Jeans,
B S others, supplemented by

B (luantum mechanics and
LR computer studies, this basic
BRI picture is still believed correct.

The nebular collapse of Kant (1755)

globula > escapes along the axis of this disc as it .
slowly condenses into planet-size objects (which then sweep up the remainder). - :

In recent years many star systems have been found in the process of formation —often
lots of stars condense out of a single cloud, forming clusters. Moreover, many planets have
now been detected indirectly around other stars — their motion perturbs that of the parent
star, and they can even be detected passing in front of it. These ‘extrasolar planets’ come
in all shapes and sizes. Almost every star appears to have a planetary system, often much .’
larger than our own Solar System. B



Working at various stages with
Fowler, Burbidge & Burbidge, and
Tayler, Hoyle worked out the
extensive chain of reactions (even
predicting an unknown resonance
in the Be nuclear spectrum, without
which nucleosynthesis could not
have occurred). We now know the
detailed timing of all this in the
stages after the Big Bang, and
theory agrees well with observation.
Ironically Hoyle did not initially
believe in the Big Bang, and pushed 100 150

. p ; MASS NUMBER A
instead a ‘Steady State’ theory.
Abundance of nuclear species in the universe (Note logarithmic scale)
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PCES 4.58

FUSION In STARS n

‘@ 5
This is extremely complex- there is a huge variety 09 : @ " 0o . .
O - - - ¥ . * . . . + .
of interconnected chain reactions. For it to ~— o 8 8 &
proceed the different nuclei must be at high i ..0 A R
The radiation emitted during the fusion keeps proton (1 . -

high. Slowly the heavier elements up to

(whose nucleus has  protonsand  neutrons)
are synthesized- depending on the mass, this may
take from million to billion yrs. To make heavier elements
requires higher ; the star core heats up and it expands to a giant
or a supergiant. The centre of the sun is at 14.7 x 10° K, but the
centre of a blue supergiant can be at several billion degrees.

absolute visual magnitude (M) z /_\.
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A simple fusion process- a proton fuses with C-12
to make N-13, with emission of a photon.

Py -

However Fe is the most stable
nucleus- after this one cannot go
farther with fusion. The star has
then run out of fuel. If it is a light
1T star it will then collapse to a white

p| L | ) dwarf, of planetary diameter& cool
over billions of yrs to a black dwarf.
B Massive stars behave differently...
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Some of the many nucleosynthesis processes involved in stars
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NUCLEOSYNTHESIS in SUPERNOVAE . PCE
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| SN 1987A, v. high magnification, 10 yrs later
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A massive star ends its life in a
spectacular collapse (taking only
10-50 secs), followed by explosive
E Observation of Crab
rebound, which converts a mass of Supernova in 1058 AD
several suns into energy
). This process
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The remaining stellar core
has no radiation pressure from
nuclear fusion to support it, &
collapses to a neutron star or
black hole. This still glows

feebly, with occasional flares . AL - RS S
from accreting matter Centre of M1, in X-rays Crab Nebula M1 now, 945 yrs later-
' & in red light it is several light yrs across
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The STUFF of LIFE

The material blown off from
a supernovae is moving fast-
sometimes ; It
Is rapidly dispersed around
the galaxy. Material blown off
from unstable giant or

supergiant stars contributes

even more to the interstellar IC 418- the ‘spirograph’ Blow-off from Eta Carinae in
medium planetary nebula 1880-90 obscures the central star

collapse of gas & dust
clouds. The supernova
material seeds these
clouds with heavy
elements- from which

the planets, and we . AN
ourselves, are made. The Vela supernova rem_nant ex_tends A close-up shows a shock front
over many light years, still glowing. (& a meteor track on the photo)
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