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Table 3-3. Characteristics of the planets:*
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Planet Radius Volume Mass Density densityt

Name 108 cm 1026 ¢m? 1077 gm gm/cm? gm/cm3

Mercury 2.44 0.61 0.33 5.42 5.4 ’
Venus 6.05 9.3 4.9 5.25 4.3 -tbpy,g_j—h,m(/
Earth 6.38 10.9 6.0 5.52 4.3

Mars 3.40 ‘1.6 0.64 3.94 3.7

Jupiter 71.90 15,560 1900 1.31 <13 p

Saturn 60.20 9130 570 0.69 <07 AS s
Uranus 25.40 690 88 1.31 <13 g’ ?/
Neptune 24.75 635 103 1.67 <17

Pluto 1.6 0.17 ? 7 ?

*The mass of the Sun is 1.99 x 103gm, 1000 times the mass of Jupiter.
fDensity a planet would have in the absence of gravitational squeezing.



TABLE 1.1

Physical Characteristics of the Planets and Their Major Satellites

Semi-Major
Axis (AU
for Planets,

Orbital Period Rotation

Planetary 10%km for (Days or Period Density Diameter Surface Atmosphere
Body Satellites)  Years (y)) (Days) (g/fem®)  (km) Composition Composition
Mereury 0.387 87.97 58.65 544 4,800 basaltic Na (thin)
Venus 0.723 2247 243.0R  52b 12,104  basaltic CO,
Earth 1.000  365.26 1.00 5.52 12,756 basaltic & H;O N, +0,
Moon 384 27.3 217.3 3.34 3,476 basaltic None
Mars 1524  686.98 1.03 3.93 6,787  basaltic CO,
Largest
Asteroids
Vesta 2.362 3.63y 0.22 2.9 520  basaltic None
Ceres 2.768 461y 0.38 7 932 DCS None
Pallas 2.773 4,62y 0.33 ? 533 DS None
Jupiter 5.203 11.86 y 0.41 1.3 143,800 H, and He
To 422 1.77 1.77 3.0 3,640 S compounds S0, (thin)
Furopa 671 3.b5 3.5 3.03 3,130  water ice None
Ganymede 1071 7.15 7.15 1.93 5280  waterice D None
Callisto 1884 16.69 16.69 1.79 4,840 water ice D None
Saturn 9.54 2046 y 0.43 0.69 120,660 H, and He
Mimas 186 0.94 0.94 1.12 392  water ice None
Enceladus 238 1.37 1.37: 1.00 500 water ice None
Tethys 295 1.89 1.89 1.00 1,060  water ice None
Dione 377 D 4e 2.74 1.49 1,120 water ice None
Rhea 527 452 452 . 124 1,530  water ice None
Titan 1222 15.94 15:0: -5 1.88 5,150  water ice C N,
Hyperion 1484 21.3 e ? 250  water ice None
Tapetus 3562 79.83 79.33. - 1.03 1,436 H,0 ice DCS None
Phoebe 12930 5504 R 04 ? 220  H,0 ice DC? None
Uranus 19.18 8401y 0.72 1.28 51,120 H, and He
Miranda 130 141 141 1.35 470  water ice None
Ariel 191 2.52 2:52 1.66 1,150  water ice None
Umbriel 266 4.14 4,14 1.561 1,170 water ice None
Titania 438 8.70 8.70 1.68 1,680 water ice None
Oberon 586 13.46 13.46 1.58 1,520  water ice None
Neptune 30.07 164.79 y 0.73 1.64 49,560 H, and He
Triton 3565 588 R 5.88 2.01 2,700 N, and CH,ice N, CH,
Proteus 118 1.12 112 ? 400 D H,0 ice None
Nereid 5562 359.9 ? ? 340 © D H,0 ice None
Pluto 39.44 2471 6.4 2.06 2,284  nitrogen ice N,
Charon 17 6.39 6.4 2.06 1,192  H,0 ice None

D = dark materials; silicates, carbonaceous, or methane
C = carbonaceous materials

S = silicates

R = retrograde orbit
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Table 3-4. The relationship between the density of a substance and
the average number of nuclear particles in its constituent atoms:

Nuclear
Substance Formula particles Density Ratio*
Atom gm/cm?
Water H,O 6.0 1.00 6.0
Calcite CaCO; 20.0 2.72 74
Quartz Si0, 20.0 2.65 7.5
Gypsum CaS0,2H,0 14.3 2.32 6.2
Olivine ~ Mg,SiO, 18.3 3.20 5.7
Hematite Fe,O; 32.0 5.26 6.1
Magnetite Fei O, 33.1 5.18 6.4
Diamond & 12.0 3.50 3.4
Iron Fe 56 7.50 7.5
Gold Au 197 17.10 11.6

*Nuclear particles per atom divided by density. Were the relationship between the
average number of nuclear particles per atom and density perfect, this ratio would
be exactly the same for all ten compounds. For 8 of the 10 compounds the range is
small (5.7 to 7.5). For gold and for diamond the deviation from the mean for the other
8 is sizable (a factor of about 2).
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(A) Accretion of a planetesimal 4.6 billion years ago. (B) Differentiation of interior to form iron core or meta-

morphosed rock 4.4 to 4.6 billion years ago.

(C) Collision and fragmentation 1 to 0.1 billion years ago. (D) Deflection into inner solar system 1.0 to 0.1 billion
years ago.

(E) Further collisions less that 0.1 billion years ago. (IY) Impact on Earth today.

Figure 3.15
The evolution of asteroids as meteorite parent bodies is summarized in this diagram.
The events that led to the delivery of fragments of the asteroids to Earth and other inner

planets are emphasized.
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(A) An original body of primitive composition (carbon-
aceous, outer belt; ordinary, inner belt) forms by accre-
tion.

(B) This small planetesimal is heated by short-lived radio-
activity to the point of mild metamorphism, driving off
some volatiles.

(C) Or perhaps it is heated to the melting point of metallic
iron. Dense segregations of iron drains toward the center
of the body to form a core or several smaller accumula-
tions of metal.

(D) If heating is intense enough, the silicates in the
chondritic interior may melt to produce magma, which
erupts at the surface to produce a thin veneer of lava and
associated intrusive rocks. Eventually, the asteroid cools
as heat is radiated away into space; the core and mantle
become solid. Depending on (among other factors) size,
composition, and distance from the Sun, for a specific
asteroid this differentiation process may have ended at
any point of the evolutionary scheme.

(E) Fragmentation of such differentiated or undifferenti
ated bodies could then produce the spectrum of observec
asteroid and meteorite types. In fact, a variety of types
could come from one body, as illustrated in (E). Mos
asteroids were not heated beyond the first or second step
and only a very few have exposed metallic cores strippec
of their silicate cloaks.

Figure 3.14
Stages in the evolution of a meteorite parent body.
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