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| 13 Must See Stargézing Events in 2013

D January 21 — Very Close /Jupiter Conjunction
2) February 2-23 — Best Evening Yiew of Mercury
3) March 10-24 — Comet PANSTARRS at its best
. 4) April 25 — Pagial Lunar Eclipse
7 : 5) May 9 — Annular Eclipse of the Sun (“Ring of Fire” Eclipse)
6) May 24-30 — Dance of the Planets
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Please SHARE these experiences!



Roche limit:
when tidal force 1s greater than the gravitational
force that holds the body together

m : moon, p : planet

r ;. distance

p < / 1/3R
Jr (,0p Pn) ’ Roche Limit
where f,=213=1.3 f»=2.456



Saturn density = 0.71 g cm™
Moon density = 1.2 g cm
Saturn radius = 6 x 10° cm
r = 1.24x 10 ¢cm

All rings are within the Roche limit.



Temperature of a planet

L = Ao T

A is the surface area
o i1s the Stefan-Boltzmann constant

1" is the temperature
Lo = 4mR? k4 TJ‘
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(1—a) = 4nR; o0 T,

What assumptions are made? What if sychronous rotation?



The planet’ s temperature is independent of its size.
T'his equation applies to dust, asteroids, KBOs, etc.

Elack Body Radiation Curves {Log Scales)
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Earth a=0.3, Te
Clearly not correct.

—

o
—
—

—

o
—
o

Greenhouse effect:

Power density

Wien’s law:
A T=

max
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The planet’ s temperature is independent of its size.
T'his equation applies to dust, asteroids, KBOs, etc.

Earth a=0.3, Te=255K =-19C = -1F
Clearly not correct.

The Greenhouse Effect
Greenhouse effect: y
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Chemical Evolution of Planetary Atmospheres

The evolution and structure of a planetary atmosphere
depends of temperature, gravity, chemical composition.

Primordial atmosphere 1s altered by:
- outgassing from rocks and volcanoes

- life on Earth
- comets and meteorites

The thermal motion of a particle may be large enough
to escape.

The most critical component in the development of
an atmosphere 1s the ability to keep it via gravity.



n particles with mass m and velocity between v and dv

at temperature 1

Maxwell-Boltzmann velocity distribution

9 712 JO LT
nydv = n(kaT)d/Qe—mL /2'I”T47T”02dv

number of particles

100k The M-B distribution
has a high velocity tail.

molecular speed / m5-1




Exosphere: The region 1in the atmosphere where the mean free path
path of the particles become large enough to travel without collisions.

If v>v,. 1nthe exosphere, it escapes.
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z and Vrms

If vpms > 1/6 vese, that component has

escaped the planet’s atmosphere.

1 G My, m
lesc> 51— R,

Example: The Earth atmosphere 78% N,. m of N,=4.7x10-%¢ kg
Earth: M =6x10** kg, R=6.4x10°m, T >3900 K, T, ~ 1000 K
Moon: M = 7x10** kg, R=1.7x10°m, T, > 180K, T, ~274K



Number of particles moving vertically upward
through the entire exosphere per second with
speed between v and dv:  (Cy ~ 1/16)

Nydv = lede — 41 R? Cyg v ny dv

N = 47 R? <16) (ﬁf—rm’T)?’/2 [ Amv e—mv?/2KT g,
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N(z) = 47 R%*vn(2)
| —
= (1/8)(27?13T)1/2( €5c+2kT/m) M) AT

v Is the atmospheric escape parameter (in units of m/s)




Moon (T'= 274 K)

Earth

Earth (T = 1000 K; exosphere)
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The atmospheric escape parameter, v, 1s essentially the reduction rate
of the effective thickness of the atmosphere of a certain species.
500 km / 4.6 billion years = 3x10-12 m/s

If v > 3x10-'> m/s , that species is gone!



