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7.4	 Sirius is a visual binary with a period uf 49.94 yr. hi- measured trigonometric parallax is 
0.3792 I" ± O.00l 5S·' and, a~ su llli n& that the plane ,11' the orb it is in the plane of the sky, the 
true angular exten t " f the semimajor a.\ is of the reduced mass is 7.6 1" , T he ratio of the distances 
of S irius A and Sirius [3 from the center of mass i:-. /I Ijan = 0 ,466. 

(:J)	 Find the mass of each member of the systcm. 

(b) The abso lute bolomctric magnitude of Sirius t\ h I .J6, alld Sirius B has an absolute bolo­
metric magnitude of 8.79. Determ ine their luminos ities. Exprc», your answers in terms of 
the luminosity "\ the Sun. 

(c)	 The eff ect iv e 1" llIpl'mture of Sirius I! is apl' rox lll1a ll'ly 2.J.7')() K ± 100 K. Eslil1 1,11c lis radius. 
and compare your answer to th,' radii uf the Sun and Earth. 

7.5	 ;; Phe is a 1.67-Ja y spcctroxcupic binary II ith nearly ci rcular o rbi t-. The maximum measured 
Doppler shifts of the brighter ;lIlJ fain ter components of thc xysrcm arc 121.·1 km s I and 
247 krn S-I. respect i vely. 

(a)	 Determine the quanti ty /II ,i n ' i for eac h star. 

(h) Using a statistically chose n value for sin' i that takes into consideration the Doppler-shift 
se lection effect. estimate the individual masses of the components of t: Phe: 

7.6	 From the light and veloc ity cu rves " I'an ecl ipsing. spectroscopic binary s tar sys tem , it is Jeter­
mined that the orbital period is 6 .3 1 yr. ;lIld the max imum radial ,'clocitics of Stars A and B are 
5.'1 krn S-I and 22..1 km ~ - 1. n:specuI'e ly. Furthermore. the time period between Iirst con tact and 
minimum light (I" - (,, ) i., O .5 ~ d. the length of the pri mary minimum (t,. - / 10 ) is 0.64 d, and the 
apparent bolornctric magnitudes of maximum, primary minimum. and secondary minimum are 
5.'10 rnugru tudcx, 9 .20 magnitudes, and .~ ..J4 magnitudes. respec tively. From this information. 
and assuming circular orbits, lind the 

(a)	 Ratio o f stc IIar masses. 

(b)	 Sum of the masses (asxumc i ::::: \)W ). 

(c)	 lnd ividual masses. 

(d)	 Indiv idual radii (assume that the or bits are circular ). 

(e)	 Ratio of the effective temperatures of the two stars. 

7.7	 The V -band light curve of YY Sgr is shown in Fig. 7.2. Neglecting bolornctric corrections, 
estimate the ratio of the temperatures of the two stars in the system. 

7.8	 Refer to the synthetic light curve and mode l " f RR Ccnururi shown in Fig. 7.11, 

(a)	 Indicate the approxi mate points on the light curve (as a function of phase) that co rrespond 
to the orientations depicted. 

(b)	 Explain qualitat ively the shape of the light curve. 

7.9	 Data from binary star systems were used to illustrate the mass- luminosity relation in Fig. 7.7. A 
strong correla tion also exists belween mass and the effective temperatures of stars. Usc the data 
provided in Popper. AllII II. R(' I ~ Astron. Astrophvs .. /8. 115. 1980 to create a graph of log I fl T, as 
a function o f loglll(M / Mc,j . Usc the data from Popper' s Table 2. Tablc -l, Table 7 (exclud ing the 
(f AuI'system). and Tab le S (include on ly those surrs with spectral types in the Sp co lumn that 
end with the Roman numeral V). T he stars thai are excluded in Tables 7 and S arc evolved stars 
with structures signilicantly different from the main sequence stars." The article by Popper Illay 
he available in your library ur it can be downloaded from the NAS..\ Astrophysics Dura System 
, ,,r \ ~ \ A f) " 'I' l-, • .,. ...... . I I ~ r! r: .J.._.. . l-.' ...... .. ;lrr\ nd "
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PROBLEMS 

8.1	 Show that at mom tempe rature. the thermal energy k T "'" 1/ .10 cv, At wh.u temperature is k T 
eq ua l to I eV'! to 13.6 e V'? 

8.2	 ve rify rhat Boltzmann's constant can be expressed in terms of electron volts rather than joules 
as k = S , 6 1 734~3 x 10- <eV K- ' h~ ~ Appendix AI. 

R.3	 U, c Pig. Xf ,. the graph of the M axwell -Boltvmanu distribution for hydrogen gas at 10.000 K. 
10 cstirnate the fract ion of hydrogen ato ms with a speed within I krn S- I of the mos t pro ba ble 

speed . t'",p. 

RA	 Show tha i the must prob ab le speed o f the ~ I:t x well-Boltzmann distribution of molecular speeds 
(Eq. R.I ) is given by Eq, ( X . ~ I. 

8.5	 For a gas of neut ral hydro gcn atoms. at what temperature is Ih ~ number or atoms in the lirst 
excited state only I<:;.. of the number of atoms in the ground state? At what temperature is the 
number of atoms in the lir't excited -ratc 10'7< llf the number of atoms in the gro und state? 

8.6	 Consider a gas of neutral hydrogen atoms. as in Exurnplc S. I..' , 

(;1)	 At whut tcmpc rature wil l equal numbers of :l IOIll S have elect rons in the ground state and in 
the sec ond exc ited slate ( II = 3J'! 

(0)	 AI a temperature of S5.-l00 K. when equal numbers (N I of atom, arc in the groun d state and 
in the li r"" excited state , how many ato ms arl' in the second excited stare (11 = 3)'? Express 
your answer in term s of N , 

(c) As the temperature T --'" cc . how wi ll the electrons ill the hydrogen atoms be distributed, 
accord ing [ 0 the Bo ltzmann cqu arionJ T hat is . wh.u will he the relative numbers ofelectrons 
in the II = 1.2.3. . . . orbitals? Will this in r'at·t he the distr ibution Ihal actually occurs? Why 
or why no!'.' 

8.7	 In Example R.l .-l. the statement was made that " ncrnly all of the II I atoms are in the ground 
' late. '" Eq. tX.7) for lile' partition func tion -unplitic-, [0 %1 :::: ,1:1 = ~l l) ~ = ~ . " Verify (hat this 
stateme nt is CIlITCCI for a terupcra turc of IU.IlQO K by t'\'aluating the lirsl three terms in Eq. (lt 7 ) 

for the partition function. 

lUI	 Equation (X.7) for the partition funct ion actua lly t1 ivt'rg,·s as II -+ ,,-, , Why can we ignore these 
lnrge-» terms'.' 

8.9 Consid er a box o f elect ricall y neutral hydrogen g:IS [h:\I is maintained at a cons tant volume 
V . In this simp le: vituauun. the number 01 f ree electro ns must equal the number of )-1 II ions: 
u, \/ = Nil. Also. the total number o r'hydrog en atom, (both neutral and ionized ). N,. is related (0 

the Je n, ily ofthe gas bv IV, = ,,\,/ ( 111 ;, + III . I :::: I' \' / 111/" where III " is the rna" o f' the proton. 
tThc tiny mass o tt hc clcctron m.r,' he ,a k l) ignllJcd in thi-, o pressilln fllr N, .) 1-l,' l lhc densily 
ofthe ga\ be 10 (, kg m ' .typical of the pho tosphere «tun All <tar. 

ta )	 Make these substitutions into E4. nun III der ive a quadratic equation for the traction of 
ioni zed ato ms : 

il)' ( NlI ) ( II/ ,.) ( ~ ;r ll/ r k T ) \ ' _I 1I ( 'llf ' ) (2:TlI/rkT)\I: - Jl(-N + _ -	 1, 1 -- 1,11 = 0. 
N. ,v, f> II'	 (l II' 

(h ) Solve the quadratic equation in pan	 tal for the fract ion of ionized hydrogen, NII/ N, . for a 
range o f temper ature betwee n :;000 K and ~ :; . OOO K. Make a graph o f your results. and 
com parv II with Fig. S,S 
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ltlU	 In this problem. you will [olluw :J procedure similar to that of Example X.I .4 1'01' the case or a
 

stellar atmosphere composed of pure helium to lind the temperature at the middle of the He I
 
partial ionization I.Ol1e. where half of the He I atom, have been ionized. (Such :1l1 atmosphere
 
would be found on it white dwarf of spectral type DB: sec Section 16. 1.)The iunization energies
 9
of neutral helium and singly ionized helium an: XI = 24.6 cV and XII = 54.4 c\'. respectively. 
The partition functions arc LI = 1.211 = 2. and ZIII = I (as expected for any completely ionized 
atom). Usc P, =20 N m -~ for the electron pressure. 

(a)	 Use ElJ . i 8.9) to lind ill ll i NI and NIII I Nil fortcmpcrutures uf 5000 K, 15.000 K, and 2S.000K. 
How do they compare? 

(b) Shuw that NIII N",wl = Nli/i NI + Nil -+ 1\' 111) cun be expressed in terms ol' thc raliu, NII/ N1 

and NIII/Nli . 9.1 
9.2 

to 25,000 K. What is lhe temperature at the middle of the He I partial ioni zation zone? 
(c) Make a graph of IV11/N"'"1 similar til Fig. 8.8 Ior a range of temperatures from 5000 K 

9.:.1 
Because the temperatures of the middle of the hydrogen and He I partial ionization zone; 9.4 
an: so similar. they arc sometimes considered to be a single partial ionization zone witha 9.5 
charac teristic temperature of 1- 1.5 x IOl K. 

8.1I	 Follow the procedure of Problem 8.10 to lind the tempera ture at the middle of the He II partial
 
ioniznrion zonc. whe re half of the He 11 atoms have been ionized.This ionization zone is foundat
 
a greater depth in the .' lar. and so the electron pressure is lurgcr-s-uxc a value of I'. = I (JOON IIl-J

•
 9.1 .THE 0 
Let your temperatures range from 10.000 K to 60.000 K. This particular ioniza tion zone plays 
a crucial role in pubating stars. as will be di scussed in Section 14.2. Th e lig 

of gas 
at the ce nter of the Sun. Here the temperature is 15.7 million K and the number density of 

8.12 Usc the Suha equat ion to determine the fraction of hydrogen atoms that arc ionized. NII/N1c<IJ. 
the enc 

electrons is ubo ut » , =6. 1 x 10'1 m"' . (Usc 2 1= 2.) Docs your result agree with the fact that i ll the 
practically all of the Sun 's hydrogen is ionized at the Sun's center? What is the reason foran)' Irum \\ 
discrepancy') till: ob­

makes 

atom, (Cn III/Ca II) in the Sun's photosphere. The ionization energy of Ca II is XII = 11 .9eV. 
Usc LIII = I for the partition function of Ca Ill. Is your result consi stent with the statement in 

8 .13 Usc the information in Example 8. 1.5 to calculate the ratio of doubly to singly ionized calcium 

The Sf. 
Example 8.1.5 that in the solar photosphere. "nearly all of the calcium atoms arc available for 

Figureforming the H and K lines of calcium"? 
a surfa 

8.14 Consider a giant star and a main-sequence star of the sallie spectra l type . Appendix G sholl'5 from u 
that the giant star. which has a lower atmospheric density. has a slightly lower temperaturethan 

a plarH
the main-sequence star. Usc the Saha equatio n to explain why this is so. Note that this means 
that there is not a perfect correspondence belween temperature and spectral type! 

8.15	 Figure 8. 1'1 shows that a white dwarf star typically has a radius that is only I'If-. of the Sun's,
 
Determine the average dens ity of a 1,11.'10 white dwarf.
 

E; d ).. 
8.J6 The blue-white star Fomalhau t ("the fish's mouth" in Arabic) is in the southern constella­ interv: 

tion of Pisces Austrinus. Fomalhaut has an apparent visual magnitude of V = 1. 19. Usc the 
Ii- R diagram in Fig. 8.16 to determine the dista nce to this star. 

IThL' ," 


