ASTRONOMY 2400, PHYSICS OF STARS

Laboratory Exercise 2. Spectroscopic Temperatures of Stars  Due Date: February 9, 2012.

Consider the following example of the use of the Saha and Boltzmann equations to infer
surface temperatures of stars. The prominent absorption lines of neutral helium in photographic
stellar spectra of B-type stars (denoted by bracketing lines in the spectra below) originate from
the n = 2 *P (triplet P) level of He I. When one examines spectra of main-sequence B-type stars,
it can be noted that the lines reach maximum strength in main-sequence stars of spectral type B2.
What is the corresponding temperature of main-sequence B2 stars? Input data needed are:
Excitation potential of 7 =2 P level relative to ground state = 20.96 ¢V.
w(T)=1forHe L w(T) =2 for He II. u(T) =1 for He IIL
Ionization potential for He I =24.58 eV. Tonization potential for He II = 54.40 ¢V,
Statistical weights of He I energy levels: Ground State ('8), g =1,n=2level Py, g=9.
log P. (dynes em ) =-3.5 + 1.5 log T (for hot main-sequence stars).
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The solution involves setting up the appropriate line ratio using the Boltzmann and Saha
relations as above right, then solving them numerically. It is less time consuming to set up a
scheme in Excel or some other software routine to solve the equations for a variety of input
temperatures. Typical results are shown below: PP ol .
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A graph of the results reveals that the desired ratio goes through a maximum at Terr = .17,100 K,
which is therefore inferred to be the surface temperature of main-sequence B2 stars.




Now consider the following problem. Spectroscopic observations of B and A-type
supergiants reveal that the prominent absorption line of singly-ionized magnesium (Mg II) at
4481 A (denoted by bracketing lines in the spectra below) peaks in strength for class Ia
supergiants near spectral type A0, but you should judge that for yourself from the spectra. The
line decreases sharply in strength for hotter stars, eventually disappearing near spectral type B2
Ja, and decreases slowly in strength for cooler stars. The 24481 A line of Mg II originates from
the » = 2 *D (doublet D) level, which has an energy of 8.859 eV relative to the ground state of
Mg II. Use the Boltzmann and Saha relations to determine the corresponding temperature at
which the Mg I lines reach maximum strength for such stars, i.e. establish the effective
temperature Teq for class Ia supergiants of spectral type established by you from the spectra
below.

Include a graphical plot of Na/Ny versus 7 to confirm your results. Next refer to Appendix E of
Modern Astrophysics by Carroll and Ostlie and compare your result with theirs (keep in mind
that your result may be better!). What is the effective temperature of the stars in question?

Input data needed:

Excitation potential of n =2 2D level relative to ground state = 8.859 eV,

u(T) =1 for Mg L. wT) =2forMgll. w(T)=1forMglll. w(@)=2forMgIV.
Ionization potential for Mg 1=7.645¢V.  Ionization potential for Mg I1 =15.032 eV.
Tonization potential for Mg 11l = 80.119 eV. Other ions are unimportant.

Statistical weights of Mg II energy levels: Ground State (S), g =2, n=2level (D), g=4.
log P, (dynes em™) =—-10.165 +2.77 log T (for hot supergiant stars).

Note that, while there are more ionization states for magnesium (Mg) than there are for helium
(He), it is not necessary to consider more than the first four (Mg 1, Mg II, Mg IIL, and Mg IV).
You will need to set up the appropriate line ratio equation yourself. As above, the least time
consuming method of solving the problem is to use computer software. See your instructor for
assistance if you have never used Excel before.



