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Just some introductory materials.  A very fast moving field.

Masses of stars/planets

Some results

Detection methods

Once and future missions



Binary Stars

50% - 80% of larger, bright stars* in 
Milky Way are binaries:

* Only ~25% of red dwarfs are binary

Pairs or multiple systems of 
stars which orbit their 

common center of mass. 

If we can measure and 
understand their orbital 

motion, we can estimate the 
stellar masses.



The Center of Mass is the 
balance point of the system

When both masses are 
equal, the center of mass is 
in the middle - rA = rB

The more unequal the masses 
are, the more it shifts toward 
the more massive star - rA < rB
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Center of Mass
(Barycenter)

MA > MB 0 < e < 1

BTW, orbits don’t have to be circular



Sun

P(y)
2 = a(AU)

3 

P
a

Estimating Stellar Masses

Valid for the solar system: 
star with 1 solar mass in 

the center. 

Recall Kepler’s 3rd Law We find almost the same 
law for binary stars with 

masses MA and MB different 
from 1 solar mass:

MA + MB = 
aAU
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(MA and MB in units of solar masses)
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MA + MB = 
a(AU)
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Example

Binary system with period of P = 32 years and 
separation of a = 16AU

MA + MB = 
163

322
= 4 MSol
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Types of Binary Stars



Visual Binaries

Alpha Centauri

Proxima Centauri

Beta Centauri



Visual Binaries

Both stars can be 
seen directly, and 
their separation and 
relative motion can 
be followed directly.

Orbital inclination 
needs to be taken 
into account.



Spectroscopic Binaries

Usually, binary separation a 
can not be measured directly 
because the stars are too 
close to each other.

A limit on the separation and 
thus the masses can be inferred 
in the most common case: 
Spectroscopic Binaries

Beta Persei (Algol)



The approaching star produces 
blueshifted lines; the receding 
star produces redshifted lines in 
the spectrum.

Doppler shift → Measurement 
of radial velocities

→ Estimate of separation a

→ Estimate of masses
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Typical sequence of spectra from a 
spectroscopic binary system



Eclipsing Binaries reduce uncertainty in 
mass estimates

Usually, inclination angle 
of binary systems is 
unknown 
→ uncertainty in mass 
estimates.

Here, we know that we 
are looking at the system 
edge-on!



Extra-Solar Planets (Exoplanets)
• Hard to see faint planet right next to very bright star
• Two main indirect techniques available

(Like a binary star system but where 2nd “star” has extremely low 
mass)
– Watch for Doppler “wobble” in position/spectrum of star
– Watch for “transit” of planet which slightly dims light from star

• More than 700 planets discovered since 1996
– See http://exoplanets.org/ or several other sites

• Initially tended to be big (≥Jupiter) and very close to star (easier 
to see), but starting to find others now.

51 Peg – the first extra-solar planet discovered HD 209458 – Transit of planet across star

http://exoplanets.org/
http://exoplanets.org/
http://exoplanets.org/
http://exoplanets.org/


The first exoplanet discovered in this way was 51 Pegasi in 1995. 
 
It was a surprise because it was a Jupiter-mass planet on a fast 
4-day orbit, much closer to its star than Mercury is to the Sun! 
Mayor and Quleoz were studying binary stars with rapid orbits. 

Spectroscopic observations to detect Doppler “wobble”



Radial Velocity or “Wobble” 
Method: Pros & Cons

• 51 Peg back in 1996, followed by hundreds of others, primarily from 
Geoff Marcy’s group out of California (Lick and Keck Observatories).

• Depends on techniques to get ultra high spectral resolution (meters 
per second) via iodine cells and other “tricks”

• Need stars closer to edge on, has mass uncertainties because of 
unknown viewing angle

• Works, but need long time, long surveys, mostly one target at a time.



Transit Method



Transit Method

Astronomers do photometry well and can detect small, periodic changes in 
light level.  Small telescopes can do this.

Need very close to edge-on systems, usually within a degree given planet 
sizes, separations, and geometry.

More than a thousand candidates here or coming, dozens confirmed.

Can detect Earth-like planets, but needs long timescales to see planets far out 
from their suns.



Kepler Mission



42 2200x1024 CCDs

95 mp

150,000 stars

Cygnus



Kepler only looks at one 
point in the sky, but looks 
for 3.5 years.

A statistical sample for the 
rest of the Milky Way





290 days 290 days

Kepler 22b



Jupiter transiting the Sun



132 
confirmed

2740 
candidate









Kepler 35b
“Tatooine”
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Habitable Zone 

The  traditional definition of a habitable zone is 
the range of distances from a star where water 
can be liquid on the surface of a planet or moon 



Habitable zone
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Habitable Zone Candidates 
48 with Teq between 185 and 303 K 





HD 189733b

“Hot Jupiter” - 1000 degrees Celsius, and it rains 
glass, sideways, in howling 7000 kilometre-per-
hour winds.



Exoplanet

iPhone / iPad





“Somewhere, something incredible is 
waiting to be known.”

Carl Sagan

#penny4nasa


