ASTRONOMICAL CONSTANTS
Victor Abalakin

The constants in this table are based primarilarly on the set of
constants adopted by the International Astronomical Union (IAU)
in 1976. Updates have been made when new data were available.
All values are given in SI Units; thus masses are expressed in kilo-
grams and distances in meters.

The astronomical unit of time is a time interval of one day (1
d) equal to 86400 s. An interval of 36525 d is one Julian century
(1 cy).

Defining constants
Gaussian gravitational constant
Speed of light

Primary constants

Light-time for unit distance (1 ua)
Equatorial radius of earth

Equatorial radius of earth (IUGG value)
Dynamical form-factor for earth
Geocentric gravitational constant
Constant of gravitation

Ratio of mass of moon to that of earth

General precession in longitude, per Julian century, at
standard epoch J2000
Obliquity of the ecliptic at standard epoch J2000

Derived constants

Constant of nutation at standard epoch J2000

Unit distance (ua = ct,)

Solar parallax (i, = arcsin(a, /ua))

Constant of aberration for standard epoch J2000
Flattening factor for the earth

Heliocentric gravitational constant (GS = A%k?/D?)

Ratio of mass of sun to that of the earth (S/E) = (GS)/(GE))
Ratio of mass of sun to that of earth + moon

Mass of the sun (S = (GS)/G)

Ratios of mass of sun to masses of the planets
Mercury

Venus

Earth + moon

Mars

Jupiter

Saturn

Uranus

Neptune

Pluto
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k =0.01720209895 m? kg™ s~
¢=299792458 m s!

T, =499.004782 s

a, = 6378140 m

a,= 6378136 m
J,=0.001082626

GE = 3.986005 x 10" m?s~2
G =6.6742 x 10" m’kg's™?
p = 0.01230002

1/p = 81.300587

p = 5029".0966
€ =23°2621".448

N =9"2025
ua = 1.49597870660x 10" m
m, = 8”.794148

K = 20".49552

f=1/298.257 = 0.00335281
GS =1.32712438 x 10* m*s~>
S/E = 332946.0

(S/E)/(1 + p) = 328900.5
S§=1.98844 x 10*° kg
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PROPERTIES OF THE SOLAR SYSTEM

The following tables give various properties of the planets and The following general information on the solar system is of in-
characteristics of their orbits in the solar system. Certain proper- terest:
ties of the sun and of the earth’s moon are also included.

Explanations of the column headings: Mass of the earth = M_ = 5.9742 x 10*' kg
Total mass of planetary system = 2.669 x 107 kg = 447 M,

+  Den.: mean density in g/cm? Total angular momentum of planetary system = 3.148 x 10%
¢ Radius: radius at the equator in km kg m%/s
¢ Flattening: degree of oblateness, defined as (r-r, )/r, Total kinetic energy of the planets = 1.99 x 10%* ]

where r, and r, are the equatorial and polar radii, respec- Total rotational energy of planets = 0.7 x 10% ]

tively
o Potential coefficients: coefficients in the spherical har- Properties of the sun:

monic representation of the gravitational potential U by

: Mass = 1.9891 x 10* kg = 332946.0 M
the equation e

Radius = 6.9599 x 10® m
Surface area = 6.087 x 10'® m?
U(r,¢) = (GM/r) [1 - £ (a/r)" P (sin ¢)] Volume = 1.412 x 10¥ m3

Mean density = 1.409 g/cm?
where G is the gravitational constant, r the distance from Gravity at surface = 27398 cm/s?

the center of the planet, a the radius of the planet, M the Escape velocity at surface = 6.177 x 10° m/s
mass, ¢ the latitude, and P the Legendre polynomial of Effective temperature = 5780 K

degree n. Total radiant power emitted (luminosity) = 3.86 x 102 W

Surface flux of radiant energy = 6.340 x 10’ W/m?
Flux of radiant energy at the earth (Solar Constant) =
1373 W/m?

+  Gravity: acceleration due to gravity at the surface

+  Escape velocity: velocity needed at the surface of the planet
to escape the gravitational pull

o Dist. to sun: semi-major axis of the elliptical orbit (1 ua =
1.496 x 10° km)

+ & eccentricity of the orbit

»  Ecliptic angle: angle between the planetary orbit and the 1
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»  Albedo: ratio of the light reflected from the planet to the
light incident on it
+ T, :mean temperature at the surface

o P_:pressure of the atmosphere at the surface

sur’

Mass Den. Radius Potential coeffients Gravity Escape vel.

Planet 10** kg g/cm? km Flattening 10°], 10¢], 10°], cm/s? km/s
Mercury 0.33022 5.43 2439.7 0 370 4.25
Venus 4.8690 5.24 6051.9 0 0.027 887 10.4
Earth 5.9742 5.515 6378.140 0.00335364 1.08263 —2.54 -1.61 980 11.2
(Moon) 0.073483 3.34 1738 0 0.2027 162 2.37
Mars 0.64191 3.94 3397 0.00647630 1.964 36 371 5.02
Jupiter 1898.8 1.33 71492 0.0648744 14.75 -580 2312 59.6
Saturn 568.50 0.70 60268 0.0979624 16.45 -1000 896 35.5
Uranus 86.625 1.30 25559 0.0229273 12 777 21.3
Neptune 102.78 1.76 24764 0.0171 4 1100 23.3
Pluto 0.015 1.1 1151 0 72 1.1
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Properties of the Solar System

Planet

Mercury
Venus
Earth
(Moon)
Mars
Jupiter
Saturn
Uranus
Neptune
Pluto

Planet

Mercury
Venus
Earth
Mars
Jupiter
Saturn
Uranus
Neptune
Pluto

Dist. to sun
ua

0.38710
0.72333
1.00000

1.52369
5.20283
9.53876
19.19139
30.06107
39.52940

440 2x 107"

730 90
288 1
218 0.007
129

97

58

56

50 1x10°
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Ecliptic Rot. period No. of
€ angle Inclin. d Albedo satellites
0.2056 7.00° 0° 58.6462 0.106 0
0.0068 3.39° 177.3° -243.01 0.65 0
0.0167 23.45° 0.99726968 0.367 1
6.68° 27.321661 0.12
0.0933 1.85° 25.19° 1.02595675 0.150 2
0.048 1.31° 3.12° 0.41354 0.52 16
0.056 2.49° 26.73° 0.4375 0.47 18
0.046 0.77° 97.86° -0.65 0.51 15
0.010 1.77° 29.56° 0.768 0.41 8
0.248 17.15° 118° —-6.3867 0.3 1
Atmospheric composition
Cco, N, o, H,0 H, He Ar Ne CcO
2% 98%
96.4% 3.4% 69 ppm 0.1% 4 ppm 20 ppm
0.03% 78.08%  20.95% O0to3% 093% 18 ppm 1 ppm
95.32% 2.7% 0.13% 0.03% 1.6% 3 ppm 0.07%
86.1% 13.8%
92.4% 7.4%
89% 11%
89% 11%



