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Figure 2.10 The winding of the Sun’s magnetic field due to the differential rotation of the Sun.
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Mercury

+ Closest planet to Sun

B IR
o IKE <+ Very elliptical orbit (e~0.21)
— T — < Only 3000 miles (~5000 km) in diameter
il i 2420 1k GBS et XEh <+ Rotation locked to Sun: 3 rotations in 2
Escape velocity 425kms™! b . ts
Rotation period 58.646 days orbil
Semi-major axis of orbit 57909 068 km 0.387AU + Moon-like on the outside (CraterS: M:ﬁzu_l)
Average orbital speed 47.87 km
sccenfricny : 02053 < Earth-like on the inside (dense core,
Period 87.97 days magnetlc field)
Orbital inclination 7°
Mercury has Craters And Mercury has the last thing

you'd expect to find: ice caps

<+ Not as dense
as on Moon

< Most of
Mercury
covered with
lava plains
(intercrater
plains)




Mercury’s ice seems to be
hiding in polar craters

Mercury
has a
huge Volcano on
impact MBI
. vacrm\;‘Ym o) O @
basin, the
Caloris e
Basin
Venus
Eehus < Only a bit smaller than Earth
< Nearest planet (26 million miles)
Mass 4.8685 x 10*kg 0.815 that of Earth . .
Radius 6051.8km 0.95 that of Earth <+ Shows phases as it orbits the Sun
T e + No magnetic field (only planet) [
Rotation period —243days (The_mmus sign indicates ) o
retrograde rotation.) o {qu: ‘{i H . /lq 1 20{4: 7')29:
Axial tilt 177.36" . )
Semi-major axis of oroit 108 208 930km 07233AU < Atmosphere mostly Carbon Dioxide
Average orbital speed 35.02kms™’ ® —90 times as dense as Earth
Eccentricity 0.0068
— 2247 days ®Runaway Greenhouse Effect
Orbital inclination 339° ® Surface Temperature 450 C (850 F)

® High winds within a highly turbulent atmosphere
®Albedo (xHH3) ~0.7, mag~—-4 (after Moon)



es02015 — Science Release

Possible Marker of Life Spotted on Venus Venus from Pioneer Venus Orbiter

14 September 2020

An international team of astronomers today announced the discovery of a rare molecule — phosphine — in the
clouds of Venus. On Earth, this gas is only made industrially or by microbes that thrive in oxygen-free LA
environments. Astronomers have speculated for decades that high clouds on Venus could offer a home for
microbes — floating free of the scorching surface but needing to tolerate very high acidity. The detection of
phosphine could point to such extra-terrestrial “aerial” life.

Venus Topography Venus Radar Image (Magellan)

Topography of Venus (98% surface in 4.5 yrs)
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explore at solarsystem.nasa.gov/venus



Venus has Unusual Small
Volcanoes

D~50km, H~1km

Why Venus Has No Plate
Tectonics

« It's hot! We’d expect hot rocks to be less
rigid, not more!

« Butit's also dry! Dry rocks are ten times
stronger at high temperatures than wet
rocks.

« Earth is wet. That affects not just the outside,
but the inside as well.

+HHRSE UTE) BIERR

HOW T0 MAKE ‘

AMOON

(Robin Canup, Nature, 2013)

(EFTU, 2R, [FEY F3R60

Venus Differs from Earth in One
Important Way:

<+ Venus has no Plate Tectonics (HHL45#4))

<+ Earth’s internal heat causes hot material to
rise within Earth and plates to move

< Venus’ crust is too rigid

« Heat builds up and escapes in planet-wide
volcanic activity

HhBk

Mass 5.9736 X 10*kg

Radius (mean) 6371km

Escape velocity 11.18kms™!

Day length 1 day ‘

Rotation period 23 h 56 min 04s (sidereal day)

Axial tilt 23.44°

Semi-major axis of orbit 149 597 887.5km 1AU

Average Orbital Speed 29.78kms”"

Eccentricity 0.0167

Period 365.256366 days

Orbital inclination 0° (Our orbit provides the
reference plane.)

WHRG UTE) HITER
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Mass 6.4185 % 10%kg 0.107 that of Earth
Radius (equatorial) 3.396km 0.533 that of Earth
Radius (polar) 3,376km 0.531 that of Earth
Escape velocity 5.027kms™!

Rotation rate 1.026 days

Axial tilt 25.19°

Semi-major axis of orbit 227936 637km 1.52AU

Average orbital speed 24.077kms™’

Eccentricity 0.0934

Orbital period 686.96 days 1.8808 Julian years
Orbital inclination 1.85°
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Figure 3.21 Animage of Uranus and its rings taken by the Voyager 2 spacecraft in 1986.
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Webb's infrared image highlights the planet's dramatic rings and dynamic

atmosphere.

The planet Uranus is an oddball in our solar system, tilted on its side as it orbits the sun, causing extreme seasons. While the planet's atmosphere appeared
nearly featureless when visited by the Voyager 2 spacecraft in 1986, subsequent observations from the ground and in space have shown turbulent storms.

NASA's James Webb Space Telescope recently observed Uranus, and the resulting image highlights a complex system of rings as well as a bright polar cap and

likely storm clouds.

Uranus (NIRCam Image)

Neptune

/N

Uranus

Figure 3.23 The orbit of Uranus in a frame of reference in which Neptune is stationary.
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Table 5.1 The refractive indices of crown and flint glass at three wavelengths.
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Magnetar burst sequence
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2. As gases spiral tow‘arfﬁl the black hole,
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they are heated by friction: Just outside
the black hole, they are hot enough
to emit X rays.
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Figure 8.20 The geometry of the ring surrounding Supernova 1987A. Image: NASA, P. Challis,
R. Kirshner (Harvard-Smithsonian Center for Astrophysics) and B. Sugerman (STScl).
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Figure 8.28 The structure of the local universe. Image: T. Jarett (IPAC/Caltech), Wikipedia Commons.
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