
Binary Systems and Stellar Parameters

Reading assignment:
THURSDAY 10/1: Chapters 8.1(quite long)

Homework Assignment #2 
Due by TUESDAY 10/6
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Binary Systems and Stellar Parameters
So far, we learned how to measure distance, luminosity, temperature (more to come), and 
radius. How to we measure the mass of a star?
Half of the stars are in multiple systems, orbiting their common centre of mass.

BINARY STAR SYSTEMS are classified based on observational characteristics.

1. Optical double: not binaries, but two stars lying along the same line of sight - not 
gravitationally bound

2. Visual binary: both stars in the binary can be resolved and if the orbital period is not too long, 
the motion of each member can be monitored

3. Astrometric binary: of one member is much brighter, it may outshine the other. The existence 
of the unseen member is deduced by observing the oscillatory motion of the visible 
component
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4. Eclipsing binary: when the orbital plane is roughly along the line of sight, one star may 
periodically pass in front of the other, blocking some of the light resulting in regular variations 
in the light received. 

5. Spectrum binary: system with two super-imposed, independent, discernible spectra. If the 
star has a non zero radial velocity, the Doppler effect causes the spectral lines of the star to 
be shifted —> periodic shifts of every lines of each star and when the lines of one star are 
blue-shifted, the lines of the other star are red-shifted.

6. Spectroscopic binary: periodic shift in the spectral lines (1 star)
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5. Spectrum binary: system with two super-imposed, independent, discernible spectra. If the 
star has a non zero radial velocity, the Doppler effect causes the spectral lines of the star to 
be shifted —> periodic shifts of every lines of each star and when the lines of one star are 
blue-shifted, the lines of the other star are red-shifted.

6. Spectroscopic binary: periodic shift in the spectral lines (1 star)

(Visual binaries + parallax) OR (Visual binaries for which radial velocities are available 
over a complete orbit) OR (eclipsing, double-line, spectroscopic binaries) —> MASS



VISUAL BINARIES:
From orbital data —> orientation of the orbits and center of mass can be determined —> ratio of 
m1 and m2
From distance —> linear separation of the stars can be determined —> individual masses
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With a1 and a2 semi-major axis of the ellipses 

Assuming orbital plane perpendicular to the observer’s line of sight, and considering only 
the lengths of r1 and r2:
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↵2 =
a2
d

Assuming orbital plane perpendicular to the observer’s line of sight, and considering only 
the lengths of r1 and r2:



VISUAL BINARIES:
From orbital data —> orientation of the orbits and center of mass can be determined —> ratio of 
m1 and m2
From distance —> linear separation of the stars can be determined —> individual masses

Consider two stars in orbit about center of mass.
From definition of center of mass, and adopting the center of mass reference system:

<latexit sha1_base64="NdiZTCjEeZN1FTfMC1cS3Y98ve8=">AAACJXicbVDNS8MwHE3n15xfVY9egkMQhNEORQ8KQy8ep7gPWEtJs3QLS9qSpMIo/We8+K948eAQwZP/illXQTcfBF7e+z2S3/NjRqWyrE+jtLS8srpWXq9sbG5t75i7e20ZJQKTFo5YJLo+koTRkLQUVYx0Y0EQ9xnp+KObqd95JELSKHxQ45i4HA1CGlCMlJY88zJ1/ADeZ/AKOoFAOOWeDXNNeHYGTyCv/1zrWZa7WtNcByzPrFo1KwdcJHZBqqBA0zMnTj/CCSehwgxJ2bOtWLkpEopiRrKKk0gSIzxCA9LTNEScSDfNt8zgkVb6MIiEPqGCufo7kSIu5Zj7epIjNZTz3lT8z+slKrhwUxrGiSIhnj0UJAyqCE4rg30qCFZsrAnCguq/QjxEuiyli63oEuz5lRdJu16zz2rW3Wm1cV3UUQYH4BAcAxucgwa4BU3QAhg8gRfwBibGs/FqvBsfs9GSUWT2wR8YX9/79qHR</latexit>

R =
m1r1 +m2r2

m1 +m2
= 0

<latexit sha1_base64="y5+2d94/2c584w4Lcz3QepOe/ak=">AAACDHicbVDLSgMxFL1TX7W+qi7dBIvgxjIjim6EohuXFewDOqVk0kwbmswMSUYoYT7Ajb/ixoUibv0Ad/6NaTsLbT0QOJxzLjf3BAlnSrvut1NYWl5ZXSuulzY2t7Z3yrt7TRWnktAGiXks2wFWlLOINjTTnLYTSbEIOG0Fo5uJ33qgUrE4utfjhHYFHkQsZARrK/XKFeMHIZI9L0NX6MQPJSbGF2lmhJWMLwWSmU25VXcKtEi8nFQgR71X/vL7MUkFjTThWKmO5ya6a7DUjHCalfxU0QSTER7QjqURFlR1zfSYDB1ZpY/CWNoXaTRVf08YLJQai8AmBdZDNe9NxP+8TqrDy65hUZJqGpHZojDlSMdo0gzqM0mJ5mNLMJHM/hWRIbaFaNtfyZbgzZ+8SJqnVe+86t6dVWrXeR1FOIBDOAYPLqAGt1CHBhB4hGd4hTfnyXlx3p2PWbTg5DP78AfO5w/S9Jrd</latexit>

r1 = � µ

m1
r

<latexit sha1_base64="5tUWIuBdUh7UHVHdfPYHhZ/sRfA=">AAACC3icbVDLSgMxFM34rPU16tJNaBFclZmi6EYounFZwT6gM5RMmmlDk8yQZIQSZu/GX3HjQhG3/oA7/8a0nYW2HrhwOOde7r0nShlV2vO+nZXVtfWNzdJWeXtnd2/fPThsqySTmLRwwhLZjZAijArS0lQz0k0lQTxipBONb6Z+54FIRRNxrycpCTkaChpTjLSV+m7FBFEMZb+ewysYxBJhE/AsN9wqJpAcyrzvVr2aNwNcJn5BqqBAs+9+BYMEZ5wIjRlSqud7qQ4NkppiRvJykCmSIjxGQ9KzVCBOVGhmv+TwxCoDGCfSltBwpv6eMIgrNeGR7eRIj9SiNxX/83qZji9DQ0WaaSLwfFGcMagTOA0GDqgkWLOJJQhLam+FeIRsINrGV7Yh+IsvL5N2veaf17y7s2rjuoijBI5BBZwCH1yABrgFTdACGDyCZ/AK3pwn58V5dz7mrStOMXME/sD5/AFlDJqo</latexit>

r2 =
µ

m2
r

<latexit sha1_base64="mav8B2KSDMTMMPvrGVeChs7lOmI=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARXJWZquhGKLpxWcFeoB2GTJppQ5PMkGSEMsyDuPFV3LhQxI0Lwbcx0w6orQdy+POdc0jOH8SMKu04X1ZpaXllda28XtnY3NresXf32ipKJCYtHLFIdgOkCKOCtDTVjHRjSRAPGOkE4+u83rknUtFI3OlJTDyOhoKGFCNtkG+f9EOJcMp9NzOpnsFLOCPSXExyfwjKCTLEt6tOzZkGXBRuIaqgiKZvf/QHEU44ERozpFTPdWLtpUhqihnJKv1EkRjhMRqSnpECcaK8dLpcBo8MGcAwkuYIDaf090SKuFITHphOjvRIzddy+F+tl+jwwkupiBNNBJ49FCYM6gjmTsEBlQRrNjECYUnNXyEeIeOENn5WjAnu/MqLol2vuWc15/a02rgq7CiDA3AIjoELzkED3IAmaAEMHsATeAGv1qP1bL1Z77PWklXM7IM/YX1+A+uBoUI=</latexit>m1

m2
=

r2
r1

=
a2
a1

With a1 and a2 semi-major axis of the ellipses 

The angle (in radians) subtended by a1 and a2 are:
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=
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With angles here can also be in arcsec. 
Mass ratio can be determined even if 
the distance d is not known

Assuming orbital plane perpendicular to the observer’s line of sight, and considering only 
the lengths of r1 and r2:



From revised Kepler’s 3rd law: 



From revised Kepler’s 3rd law: 

Known d, the distance, (m1+m2)is combined with (m1/m2) 
to determine each mass separately:



From revised Kepler’s 3rd law: 

Known d, the distance, (m1+m2)is combined with (m1/m2) 
to determine each mass separately:

This is complicated by:
1. The proper motion of the center of mass, which moves at a constant velocity
2. The system may not be perpendicular to the line of sight



Let “i” be the angle of inclination between the plane of 
an orbit and the plane of the sky. The observer will now 
measure:
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an orbit and the plane of the sky. The observer will now 
measure:

Since:



Let “i” be the angle of inclination between the plane of 
an orbit and the plane of the sky. The observer will now 
measure:

Since:

NOTE: we need to 
know the inclination “i”



NOTE: Because of the inclination, the observed ellipse will have a different eccentricity. The 
center of mass will not be located at one of the foci of the projection. The geometry of the true 
ellipse may be determined by comparing the observed stellar positions with mathematical 
projections of various ellipses onto the plane of the sky. 

If the distance is not known of the visual binary system, but detailed radial velocities are, the 
projection of the velocity vectors onto the line of sight, combined with info about the stars’ 
positions and the orientation of their orbits, provide a way for determining the semi-major axis 
of the ellipses. Consequently, the stellar masses of the individual members can be determined. 



ECLIPSING, SPECTROSCOPIC BINARIES:
Consider a spectroscopic binary star system for which the spectra of both stars are seen 
(double-line, spectroscopic binary).

v1 = velocity of star m1 at some instant
v2 = velocity of star m2 at some instant
Observed radial velocities cannot exceed: max(v1r)=v1 sin(i), max(v2r)=v2 sin(i)

[if i=0 —> v1r=v2r=0]



ECLIPSING, SPECTROSCOPIC BINARIES:
Consider a spectroscopic binary star system for which the spectra of both stars are seen 
(double-line, spectroscopic binary).

v1 = velocity of star m1 at some instant
v2 = velocity of star m2 at some instant
Observed radial velocities cannot exceed: max(v1r)=v1 sin(i), max(v2r)=v2 sin(i)
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For circular orbits: v1=constant, v2=constant

Changing the inclination does not 
change the shape of the velocity 
curves (sinusoidal), it only changes 
the amplitudes by a factor of sin(i).



ECLIPSING, SPECTROSCOPIC BINARIES:
Consider a spectroscopic binary star system for which the spectra of both stars are seen 
(double-line, spectroscopic binary).

v1 = velocity of star m1 at some instant
v2 = velocity of star m2 at some instant
Observed radial velocities cannot exceed: max(v1r)=v1 sin(i), max(v2r)=v2 sin(i)

[if i=0 —> v1r=v2r=0]

For circular orbits: v1=constant, v2=constant

Changing the inclination does not 
change the shape of the velocity 
curves (sinusoidal), it only changes 
the amplitudes by a factor of sin(i).

For non-circular orbits (e>0):

The observed velocity curves are 
skewed; but in reality, many 
spectroscopic binaries have nearly 
c i rcu lar orb i ts (due to t ida l 
interactions between the two stars)



Assuming e<<<1: 



Assuming e<<<1: 



Assuming e<<<1: 



Assuming e<<<1: 

Using it into Kepler’s equation:



Assuming e<<<1: 

Using it into Kepler’s equation:

i.e., the sums of the masses can be obtained only 
if v1r and v2r are measurable (i.e., double-line)



IF single-line spectroscopic binary, i.e., only v1r is observable then 
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Useful for statistical studies or if an estimate of 
the mass of at least one component is already 
known by some indirect mean. 
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the mass of at least one component is already 
known by some indirect mean. 

If either m1 or sin(i) is unknown, then the mass function sets a lower limit on m2
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Useful for statistical studies or if an estimate of 
the mass of at least one component is already 
known by some indirect mean. 

If either m1 or sin(i) is unknown, then the mass function sets a lower limit on m2

Without i, it is impossible to get exact values of m1 and m2. Since stars can be grouped 
according to their effective temperatures and luminosities (HR diagram), and assuming the 
existence of a relationship between these quantities and mass, then a statistical estimate of 
mass for each class may be found using an appropriate averaged value of sin3(i).
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IF single-line spectroscopic binary, i.e., only v1r is observable then 

Mass function (al l 
observable quantities)

Useful for statistical studies or if an estimate of 
the mass of at least one component is already 
known by some indirect mean. 

If either m1 or sin(i) is unknown, then the mass function sets a lower limit on m2

Without i, it is impossible to get exact values of m1 and m2. Since stars can be grouped 
according to their effective temperatures and luminosities (HR diagram), and assuming the 
existence of a relationship between these quantities and mass, then a statistical estimate of 
mass for each class may be found using an appropriate averaged value of sin3(i).

But accounting for systematic/selection effects as 
i>0 for a spectroscopic binary: <latexit sha1_base64="qd1BHdYBK8A3jjDLucD7sFIeudk=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzrTKroQKbpxWcE+oDOWTJppQzPJkGTEMnbhr7hxoYhbf8Odf2PazkJbD1w4nHMv994TxIwq7Tjf1tz8wuLScm4lv7q2vrFpb23XlUgkJjUsmJDNACnCKCc1TTUjzVgSFAWMNIL+1chv3BOpqOC3ehATP0JdTkOKkTZS29499xTld+WUDi88FMdSPMDSUbltF5yiMwacJW5GCiBDtW1/eR2Bk4hwjRlSquU6sfZTJDXFjAzzXqJIjHAfdUnLUI4iovx0fP8QHhilA0MhTXENx+rviRRFSg2iwHRGSPfUtDcS//NaiQ7P/JTyONGE48miMGFQCzgKA3aoJFizgSEIS2puhbiHJMLaRJY3IbjTL8+SeqnonhSdm+NC5TKLIwf2wD44BC44BRVwDaqgBjB4BM/gFbxZT9aL9W59TFrnrGxmB/yB9fkDwmSVRw==</latexit>

< sin3 i >⇡ 2/3



Mass-Luminosity relation
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L = constant M� <latexit sha1_base64="Xs4oxnRzof1Yac9uOlNqbNhteXw="></latexit>

� 2 (3.5, 4) for main sequence stars

(this law is violated by white dwarfs, giants, etc… )



ECLIPSING BINARIES to determine radii and ratios of temperatures: if the smaller star is 
completely eclipsed by the larger one, a nearly constant minimum will occur



ECLIPSING BINARIES to determine radii and ratios of temperatures: if the smaller star is 
completely eclipsed by the larger one, a nearly constant minimum will occur

The dip in the light curve is deeper when the hotter star is behind its companion, from the 
Stefan-Boltzmann law and from the fact that the same total cross-sectional area is eclipsed. 

[erg s-1 cm-2]



When both stars are visible: 



When both stars are visible: 

If the smaller star is also the hotter, when the hotter star is entirely eclipsed:



When both stars are visible: 

If the smaller star is also the hotter, when the hotter star is entirely eclipsed:

When the cooler star is behind:

Area of larger star that is 
eclipsed by the smaller star



i.e., from the measurements of the light curve of the system, 
one can determine the ratio of temperatures of the two stars



i.e., from the measurements of the light curve of the system, 
one can determine the ratio of temperatures of the two stars

From it, we can measure R once Teff and L 
are measured from independent techniques.



i.e., from the measurements of the light curve of the system, 
one can determine the ratio of temperatures of the two stars

From it, we can measure R once Teff and L 
are measured from independent techniques.

MEASURABLES: L, Tsurface, R, M
spectral features —> chemical composition at the stellar surface

==> theory of stellar structure and stellar evolution 



Binary Systems and Stellar Parameters

Reading assignment:
THURSDAY 10/1: Chapters 8.1(quite long)

Homework Assignment #2 
Due by TUESDAY 10/6


