CHAPTER 10

Stellar Motions and the Solar Neighborhood
10-1. The Solar Neighborhood

The Solar Neighborhood is the volume of space around the Sun extending to a distance of 100
parsecs. Some properties of the Solar Neighborhood are:

1. The solar neighborhood contains about 500 x 10° stars, most of which are very faint.
2. Stars in the immediate vicinity of the sun are spaced, on the average, about 4 LY's apart.

3. Of the approximate 4500 stars seen by the unaided eye over the entire celestial sphere, 2/3 of
these are within 100pc. The other 1/3 are farther than 100 pc, that is, beyond the solar
neighborhood. The latter stars must be extraordinarily bright, since the farther a star is, the
fainter its apparent brightness.

4. A large fraction of the stars are believed to be binary stars. Estimates range from 50% to 80%,
but the exact fraction is not known

Binary Star: A gravitationally bound system, consisting of two stars in orbit around a common
center of gravity, or barycenter.

For any two gravitationally interacting bodies, their barycenter is always closer to the more massive
object. If the two stars have the same mass, their barycenter is midway between them.

There are also trinary star systems (3 stars) and other multiple star systems in the galaxy.

For any two gravitationally interacting bodies, their barycenter is always closer to the more massive
object. If the two stars have the same mass, their barycenter is midway between them.

Astronomers have now detected hundreds of planetary bodies, called exoplanets, moving in orbit
around other stars. Most of these are more massive than any of the Sun's planets. These planetary-like
bodies are detected because of their strong gravitational interactions with their stars. However, technology
has now been developed to detect small planets like the Earth. The satellite telescope called Kepler is now
finding planets by the small diming they cause in a star’s brightness as they transit the surface a star.

In 2011, Kepler found a giant planet like Saturn moving in orbit within a binary star system. It was
not known previously that planets could form in a binary star system.

The nearest neighboring star of the Sun is a bright star called Alpha Centauri. This star is a
circumpolar star of perpetual occultation for the latitudes of continental US. However it can be seen from
regions of Mexico. The system is at a distance of 1.33 pc, or 4.35 LY. Actually, Alpha Centuri is known
to be a trinary star system. This system consists of 2 stars similar to the Sun revolving around a common
barycenter with a period of about 82 years. The 3rd star is a red dwarf star moving in orbit around the
other 2 stars at a distance of 14,400 AU with an orbital period of 1.2 million years.

10-2. Stellar Motions



10-2.1. Space Motion or Space Velocity

Stars are moving in orbit around the center of the Galaxy. Near the Sun, there are slight deviations of each star's
motion from that of its neighbors. The difference between the Sun's motion and another star's motion is observed to
be what is called a star's "space motion" or space velocity. The space motion is the vector sum of what is called the
tangential velocity of a star and its radial velocity. The radial velocity may be determined independently of the
tangential velocity by measuring the Doppler Effect in a star's spectrum. The tangential velocity may be determined
if the distance of the star is known and something called the "proper motion" of the star can be measured.

10-2.2. Proper Motion

Proper motion is the annual angular rate of motion of a star across the line of sight to the star. It is
expressed in arcseconds per year. Proper motion is actually the projection of a star's space motion into the
plane of the sky. The proper motion may be converted to the tangential velocity of the star, if the distance
of the star is determined. Determining the proper motion is complicated by the orbital motion of the Earth
around the Sun. Proper motion was suspected by early astronomers (according to Macrobius, AD 400)
but proof was provided in 1718 by Edmund Halley, who noticed that Sirius, Arcturus and Aldebaran were
over half a degree away from the positions charted by the ancient Greek astronomer Hipparchus roughly
1850 years earlier.

Proper motion is usually represented by the lower case Greek letter mu, u. For Arcturus, Halley
determined it had moved about 1° in approximately 2000 years.
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10-3. Relation Between Tangential Velocity and Proper Motion.
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10-4. Peculiar Velocity and Standard Apex of the Sun’s Way
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10-6. Statistical Methods of Distance Determination (Skipped)

10-7. The Components of Stellar Motion (Skipped)
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