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[03] Binary Stars and H-R Diagrams

(2/1/18)

Upcoming ltems APQOD 2/2/17: Collision Dust

1. Read Ch. 15.3 & 16 for
next class and do the
self-study quizzes.

2. Read jeans.pdfin
Files/derivations on the
ELMS class site

3. For derivations related
to today’s class, read
twobody.pdf and
massfunc.pdf from the
same place




LEARNING GOALS

Ch. 15.1-15.2

For this class, you should be able to... ,_ oot DQNAHUE. SOHNEIER o
. use Kepler’s 3™ law in convenient units | -

to derive star masses in binary systems
(visual, eclipsing, spectroscopic); ICOSMIC

.. Infer the relative temperatures and radii PE *, SPECT'VE
of the stars in a binary viewed edge-on | . e
based on a light curve; na

.. Sketch an H-R (Hertzsprung-Russell)
diagram showing the approximate
locations of main sequence stars, giants
and supergiants, and white dwarfs;

.. order stars on the main sequence by
lifetime and by mass.




Quick Review From Last Time

- Parallax: d=1/p.
- Which one is closer{p=1"|or p=0.1"7?
- Magnitude system: m, — m; = 2.5log,,(F,/F5).
- Which one is brighter in the sky:|m = 0|or m =57
- Absolute magnitude: M =m at 10 pc.
- Which one is more luminous? |M = -5or M =107
- Distance modulus: m — M = 5log,,(d/10 pc).
- Which is closer?‘mZS &M=10lorm=10 & M =57
- Color: B -V =mg—my,.
- Which is redder? B -V = O‘ orB-V=-57?
- How many times “redder” is it?(100 (5 mag = 100x).
- Remember: blackbody color < temperature.
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Binary Stars

- Three traditional ways to identify a binary:

1. Visual.

2. Spectroscopic.

3.  Eclipsing.

4. But can also get from Doppler shifts of pulsars!

- Can deduce a lot from light curves, including relative radii and temperatures.
- For pulsars, can test general relativity!

- Combine Kepler’s 3 law with mass balance to derive stellar
masses, sometimes individually:

"= @) /G

mry = mpr;, Myv; = My,
- Find star masses range from >100 to 0.08 M...
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In a visual binary, the individual mass components can be
determined if

the relative distance of each star to their common
barycenter can be measured.

the relative speeds of each star can be measured.
the physical radii of the stars can be measured.

A & B.

A, B, & C.
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Stellar Properties, Continued

- We know how to get the following stellar properties:
- Distance
- Luminosity
- Temperature

- What about mass?



Mass

- Stellar masses are measured by observing binaries.

- About half of all stars are in binary systems (but at least
80-90% of the most massive stars; what does that say)?

- For the most massive stars, >10% are actually in triple or
nigher-order systems! A complicated dance...

- How do we get masses? Observation of the stars’ orbits.

- One can show (see massfunc.pdf) that if you can get the
period P of an orbit, and the maximum orbital speed you
see from star 1 is K;, then for inclination i

f=PK,3/(2rG)=M,? sin3i/(M+M,)?

- Does this give an upper or lower limit to the mass M, of
star 2?7 How many more numbers do we need for a
measurement rather than a limit? How do we get them?




Mizar is a visual binary . . .

.. . and spectroscopy shows that each
of the visual “stars” Is itself binary.

The orbit of a binary star system depends on strength of
gravity.



Visual Binary
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We can directly observe the orbital motions of these stars.



Spectroscopic Binary

On one side of its orbit, star B
IS approaching us . . . . . . S0 Its spectrum s blueshifted.

B

C
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On the other side of its orbit, A
star B is receding from us . . . ... S0 Its spectrum IS redshifted.

We can determine the orbit by measuring Doppler shifts.
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Eclipsing Binary

We see light We see light

Study this carefully! Can you explain
why the dips look the way they do?

We see light We see light

from both from all of B, from both only from A
stars A and B. some of A. A and B. (B is hidden).
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We can measure periodic eclipses.
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Stellar Properties Summary

- We have discussed 5 ways to find 4 stellar properties:

1.

Distance

- Use stellar parallax. [other methods possible, but root is parallax]

Luminosity

- Use distance and apparent brightness (inverse square law).

Temperature

- Use color (thermal radiation law; red = cool, blue = hot).
- Use spectral type (O—M) from absorption spectrum (ionization level).

Mass

- Use binary stars (visual, eclipsing, and/or spectroscopic).

- Now we need to put these together to look at stellar
populations as a whole. Brute force method: plot
everything against everything else, look for patterns!



I
Hertzsprung-Russell (H-R) Diagrams

- Now that we have measured stellar properties (summary),
we can look for important correlations.

- E.g., plot temperature versus luminosity or brightness.
- This is called a Hertzsprung-Russell (H-R) diagram.

- Most stars lie on the main sequence.

- Stars at same temperature but different luminosities must be
different size: giant and supergiants in one corner, white dwarfs in

the other.
- Add luminosity class to fully characterize a star.

- On main sequence, the most luminous stars are more
massive and shorter lived, and vice versa.

- Some stars are truly gigantic.




Luminosity

Temperature

An H-R diagram
plots luminosities
& temperatures of
stars.




Absolute V.. magnitude

916832 non-HIP starswith o <1.0masand w /o > 5.0

&5

0 05 1
Colour index J - K (2MASS)
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- An H-R diagram
plots luminosities
& temperatures of
stars.

GAIA first results
for 1 million stars

(August 2015)
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Most stars fall
somewhere on the
main sequence of
the H-R diagram.



Stellar luminosity depends on temperature
and radius

- Recall for blackbody radiation, emitted flux (power per unit
radiating area) depends on temperature: F, .. = oT*

- For a spherical object like a star, the emitting area is the
sphere’s surface area, 4zR>.

- So the luminosity of a star is given by

L=4aR*cT".

- This has important implications for the H-R diagram!
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Large Radius

y SUPERGIANTS

10,000 6000

surface temperature (K)

Stars with lower T
and higher L must
have larger radius
R: giants &
supergiants.

L =4nR%cT?




SUPERGIANTS
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Small Radius

surface temperature (K)

Stars with higher T
and lower L must
have smaller

radius R: white
dwarfs.
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Luminosity & Spectral Class

Add luminosity class (I-V) to spectral class (O-M):

— supergiant
I — bright giant
1 — giant
V — subgiant
V — main sequence

Examples: Sun-G2V
Sirius —A1YV
Proxima Centauri— M5.5V
Betelgeuse — M2 |



Luminosity

Temperature

H-R diagram
depicts:

Temperature
Color
Spectral Type
Luminosity
Radius




