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Moon, according to a law in which the

Figure 7.17 (@) The relative number of objects that could strike the

number of objects increases in inverse proportion to the s

quare of the object’s radius. (b) A random distribu-

tion of craters made by the population of objects shown in (a).



Estimate the Power of the
Ground to stop a Meteoroid!

How much material must the meteoroid interact with to slow
by 50%?

From Physics:
Momentum = (mass) (velocity) 1s conserved.
So velocity will be halved when mass 1s doubled.

Now assume that all ground in front of the impactor 1s
plastered onto its surface.

So the impactor will penetrate into the ground by roughly its
own diameter. Observed: A few diameters.



Estimate the Power of Air
to stop a Meteoroid!

Assume that all air in front of the impactor 1s plastered onto
its surface!

Air 1s 1/1000 as dense as water and 1s ~10km thick

So the impactor will penetrate into the ground by roughly
1000 diameters. 10m will make 1t through the atmosphere.

Observed: Must be ~50-100 m to make 1t through



Bi1g Impact Craters on Earth
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Very Small
Craters
on Earth

Is your insurance
up to date?

At what speed was
this impact?




Craters

Manicouagan, Canada: Gosses Bluff, Australia:
100km, 214Myr Earth 20km, 142.5Myr

Gwen Fada, Chad: o7,
14km, <350Myr Aorounga, Chad: 10km, <350Myr



Space Shuttle!

Clearwater Lakes, Canada
26km, 290Myr

Ries, Germany
24km, 15Myr




Mistastin Lake, Canada:
28km, 38Myr
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.Skm, unknown

Deep Bay, Canada
5km, 100 +/- 50 Myr Ouarkziz, Algeria: 4km, <70Myr



Roter Kamm, Namibia:
2.5km, 3.7Myr

Wolf Creek, Australia: 850m, 0.3Myr | Goat Paddock, Australia: Skm, <55Myr




Craters
on

Mars

Viking Image, Mars
southern hemisphere
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Mars, multiple strikes: 78km x 25km
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Compression in crust| Extension can make
can make mountains. ~ cracks and valleys.
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Volcanos on Venus

Volcanoes on Venus

a Large shields > Ticks, Pancakes, efc.

Stralker Yolcanoes
S Yolcano Felds

« Calderas

O Tectono-Yokanic Shructures
“ Channels, Large Flows




Volcanos on Venus
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Moon and Mercury

mare (singular)
maria (plural)

terra or
highlands




tive source via lava tubes. Moreover. this model allows the flexible,
-over flow to undergo lava inflation from within. A basalt flow may begin
S € nflate to a thickness f several tens of metres (Figure 3.1

alt

Figure 3.15 (a) The areal extent of the D in 1
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Figure 3.39 Schematic detail (
to scale) of the Iz IVers compr IS
lo’s upper mantle and crust (1.¢
As described,

different types of magmatism &

lithosphere)
associated volcanism are caus
resurfacing of this Jovian satel
and so aiding in further

differentiation of 1ts upper marn

and crustal layers
(see also Secuion 2 256).



Giant Pldnet
Atmosphg

Some features are Jupiter
similar to Earth
weather patterns
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Saturn

Jupiter

Uranus .
2 Neptune




Wind
Speeds

From tracking
cloud features.

Interesting patterns. i

Link to Hadley
cells for Jupiter.

No clear
explanation for
differences.

Jupiter

Uranus

Saturn

Neptune




Galileo Probe: 1995

Prope lVission Events

i+ —— Probe entry (0'min, 1 y~/ oars, 450'km, 352°C)
o
'Q_ Urogue parachute
{2,:_1; L LL ‘): r f.J dli>y '/-“ "”1 = £ :j /)
Aft cover removed, main parachute
2.66 min, 0.4 bars, 23 Km, =145°C)

Corward heat snield drops,
IIDILeIioCKS onradiosignal - direct measurements begin
(5.3 4nilns, D55 bars, 19 oy, —155°5) @ 3.03 min, 0.45 bars, 21 km, —145“C)
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Earth Suriace Pressure
(6.4 min, 1.0 bars, 0 km, —107°C)
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mJu, 1.6 bars, —18 km, —80°C)
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Fredicted water cloud level
(22,2 min, 5.0 bars, —o96 Km, U'C)
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Frobe signal ends
01.4 min, 22 bars, —146 Km, 195°C)




Results from Galileo Probe

siouas

ISCIation of
SKY brighiness

Laser beams

Entry site




Between Jupiter’s Clouds




Jupiter Composition

Galileo Probe Mass Spectrometer
Abundances Relative to Hydrogen

Xenon IR10



Galileo
Probe’s
Descent
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The Fate Of The Galileo Probe

| Ternperalu e
| 'ressure

. 200K,

Water Cloud Base (?)

End Of Mission

Chuta Melts

Aluminum Mells  Titanium
Mells

Aluminum

Evaporates Titanium )
Evaporates

2 4 6 8
Time Below 1.0 Bar (Hours)

zbar

ZINIK,
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How do we know about

(Giant Planet Interiors?

Average
Distance from Mass Radius Average Density Bulk
Sun (AU) (Earth masses) (Earth radii) (g/em®) Composition

Jupiter 5.20 317 11.2 1.33 Mostly H. He

7
Saturn Q 9.53 90 94 0.70 Mostly H, He

Uranus 19.2 14 4.11 1.32 Hydrogen compounds
and rocks. H and He

Neptune 30.1 17 3.92 1.64 Hydrogen compounds
and rocks, H and He

Copynght @ Addison Weslay

1. Average Density hints at composition
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Magnetic Fields
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Planetary Interiors

Iron/nickel Iron/nickel
core - core - Iron/nickel

; o R?‘fk : Rock core 7 L
(silicates) \ (silicates) Soo

Iron/nickel

core -
. [ Rock

(silicates)

(silicates)

Mercury Venus Earth Mars
__To same scale

Molecular hydrogen gas

changing to liquid at ase > mﬂfocguele?\rgos ‘ : - '
e | / /~ Mefallic Molecular
etallic e hydrogen - hydrogen gas

hydrogen
Water
Rock

B Water ~Water  ~Water

Earth for
| comparison
Jupiter Saturn Uranus Neptune

To same scale
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Why 1s the
Ordinary H and
He layer thinner
on Jupiter?




Molecular Hydrogen




- - W . W . W o
i) Sold
Al3* Q Figure 6.6 Aluminium
_ jons (Al**) arranged as
| @ @ though in a crystal of
aluminium. The electrons
A% Q ‘lost’ from the atoms

wander freely through the
solid.

Metallic Substances

| Al 3+ A13+ Al 3+ Al 3+ Al 3+

”
(Hg2+) arranged as though
in liquid mercury. The ‘lost’
electrons are free to travel
through the liquid, but the
arrangement of the ions 1s
He  ess regular than in solid

aluminium.

() Liquid
Figure 6.7 Mercury 1008
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Deep Interiors

Gaseous Hydrogen

Liquid metallic
e hydrogen
JUpLE

‘| Helium rainout? e

Solid metallic
hydrogen
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