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Course Overview

A How do we know about the interiors of (silicate)
planetary bodies? Thestructurg compositionand
evolution

A Technigues to answer these questions
I Cosmochemistry
I Orbits and Gravity
I Geophysical modelling
I Seismology

A Case studies examples from this Solar System
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Course Outline

A Week 17 Introduction, solar system formation,
cosmochemistry, gravity

AWeek2i Gravity (contod), ma
A Week 3i Material properties, equations of state

A Week 4i Isostasy and flexure

A Week 5i Heat generation and transfer

A Week 6i Midterm; Seismology

A Week 7i Fluid dynamics and convection

A Week 8 Magnetism and planetary thermal evolution
A Week 9i Case studies

A Week 10i Recap. and putting it all togethé&iinal
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Logistics

A Website:
http://www.es.ucsc.edu/~fnimmo/eartl162 08

A Set texii Turcotte and SchubeGeodynamic$2002)

A Prerequisite$ some knowledge of calculus expected

A Gradingi based on weekly homeworks (40%),
midterm (20%), final (40%).

A Homeworks due on Tuesdays

A Location/Timingi Tu/Th 8:00-9:45in E&MS D236

A Office hoursi Tu/Th 10:0011:00 (A219 E&MS) or by
appointment (emaiimmo@es.ucsc.edlu

A Questions? Yes please!
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Expectations

A Homework typically consists of 3 questions

Alf itds taking you mor e
average, youobcanegndseerme pr

A Midterm/finals consist of short (compulsory) and long
(pick from a list) questions

A Results from last two years (on board)

A Showing umndasking questionare usually routes to
a good grade

A Plagiarismi see website for policy.
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This Week

A Introductory stuff
A How do solar systems form?
A What are they made of, and how do we know?

A What constraints do we have on the bulk and surfac
compositions of planets?

A What processes have affected planets during
formation?
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Solar System FormationOverview

A Some event (e.g. supernova) triggers gravitational
collapse of a cloud (nebula) of dust and gas

A As the nebula collapses, it forms a spinning disk (due
conservation of angular momentum)

A The collapse releases gravitational energy, which heat
the centre

A The central hot portion forms a star

A The outer, cooler particles suffer repeated collisions,
building planetsized bodies from dust grairnscCretiorn)

A Young stellar activity blows off any remaining gas and
leaves an embryonic solar system

A These argument suggest that the planets and the Sun
should all have (more or less) the same composition
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Seqguence of events

A 1. Nebular disk
formation

A 2. Initial coagulation
(~10km, ~10 yrs)

A 3. Orderly growth (to
Moon size, ~10yrs)

A 4. Runaway growth
(to Mars size, ~10
yrs), gas loss (?)

A 5. Latestage
collisions (~1328 yrs)
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The young Sun

planetesimals
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Observations (1)

A Early stages of solar system formation can be imaged diiiedtigt
disks have large surface area, radiate effectively in thenaftra

A Unfortunately, once planets form, the IR signal disappears, so ur
very recently we coul dnot det

A Timescale of clearing of nebula (1D Myr) is known because youn
stellar ages are easy to determine from mass/luminosity relations

This is a Hubble image of a young solar
system. You can see the vertical green

pl asma |Jj et which 1s
magnetic field. The white zones are gas
and dust, being illuminated from inside by
the young star. The dark central zone is
where the dust is so optically thick that the

light is not being transmitted.
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Observations (2)

A We can use the present

2 T 1 day observed planetary

Ol masses and
compositions to

0 | : reconstruct how much

mass was there initially
I theminimum mass

ast

D . ° . solar nebula

Log,, (surface density, arbitrary units)

-1 0 1 2
Log,, (distance, AU)

A This gives us a constraint on the initial nebula conditions e.g.
how rapidly did its density fall off with distance?

A The picture gets more complicated if the planets have moved .

A The observed change in planetary compositions with distance
gives us another cluesilicates and iron close to the Sun,
volatile elements more common further out  rnimmoearT162 Spring 08



Cartoon of Nebular Processes

%Disk cools by radiation

Nebula disk
% % Polar jets

material Stellar magnetic field
(sweeps innermost disk cle
reduces stellar spin rate)

A Scale height increases radialiyhy?)

A Temperatures decrease radidllgonsequence of lower
irradiation, and lower surface density and optical depth

leading to more efficient cooling
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What Is the nebular composition?

A Why do we caref will control what the planets are
made of!

A How do we know?
I Composition of the Sun (photosphere)
I Primitive meteorites (see below)
I (Remote sensing of other solar systemet yet very
useful)

A An important result is that the solar photosphere
and the primitive meteorites giveverysimilar
answers: this gives us confidence that our
estimates of nebular composition are correct
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1.4 million km

y Earthsize)

Solar photosphere

A Visible surface of the Sun

A Assumedo represent the
bulk solar compositiofis
this a good assumption?)

A Compositions are obtained
by spectroscopy

A Only source of information
on the most volatile
elements (which are
depleted In meteorites):.
H,C,N,O
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Primitive Meteorites

A Meteorites fall to Earth and can be analyzed

A Radiometric dating techniques suggest that they form
during solar system formation (4.55 Gyr B.P.)

A Carbonaceous (CI) chondrite®ntainchondrulesand
do not appear to have been significantly altered

A They are also rich in volatile
elements

A Compositions are very
similar to Comet Halley,
also assumed to be ancient, \

unaltered and volatitach

chondrules
1cm
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