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Chapter 7. Binary Systems and Stellar Parameters

Parallax distance
Photometric magnitudes brightness & color
Distance + brightness luminosity

Spectrum (cont. + lines)
Luminosity + temperature
Binary stars

Eclipsing binaries

temperature, abundance
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mass

radii and ratio of temperatures

VNV YV

Classification of Binary Stars

Optical double
These are chance superposition of two stars; not real binary systems.

Visual binary
Both stars are resolved, and their orbital motion can be observed.

Declination
T

Center of mass

Right ascension

Astrometric binary
Only the brighter star is seen and shows orbital motion.



Eclipsing binary
The orbital plane is close to the line-of-sight for eclipses to occur.
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Spectrum binary
Two superimposed, independent, discernible spectra are seen.

For example, spectra of a red giant and a hot white dwarf, spectra of
a WR star and an O star, etc.
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Spectroscopic binary
Spectral lines show Doppler shifts that reflect orbital motions. Either



both stars or just the brighter star is seen.
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Mass Determination Using Visual Binaries

In a visual binary system, both stars are observed to orbit around the

center of mass. The semi-major axes of the elliptical orbits of stars 1 & 2
are a; and a..



az / a; can be determined directly from the observed angular semi-
major axes, even if the distance is unknown. Mass ratio.

Kepler’s third law:
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where P is the orbital period and a=a; +a:.
The orbital period can be observed, and if the distance is known, a can
also be determined, Kepler’s third law can be used to determine the
total mass (m;+mz). Total mass.

Total mass and mass ratio = mass of each star.

Complications: proper motion and inclined orbital plane.
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mi/mz = az/a: = (azcosi) /(azcosi)

Even without knowing the inclination angle 7, the mass ratio can still be
determined.

To determine the total mass, we need to know the real a; and a2, which
are the apparent values divided by cos i.
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where d is the distance, i is the inclination angle, P is the period, « is the
angular a in radian, and ¢ is the apparent angular a in radian.

Basically, you need to correct the projection effect, and the observed
length is equal to the real length x cos i.

Model the binary system with an inclination angle and fit data to
determine all parameters.



Spectroscopic Binaries

Two stars in circular orbits, M;=1 Msun, M2 = 2 Msun, P = 30 d, i=0.
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Two stars in elliptical orbits (e = 0.4), M1= 1 Msun, M2 = 2 Msun,
P=30d,i=0.
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Recall that P=2ma /v and that
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my + ma = (v1 +v2).
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Mass-luminosity relation of stars
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