Appendix F

Solution: Line Processes

a. Regions in front of the star absorb stellar continuum radiation at blueshifted
wavelengths; regions to the side of the star emit line photons around
the rest wavelength; redshifted line emission is blocked by the star. See
figure.

b. We need to find the location where the line-of-sight velocity v =
v(r)cos =constant. For the three cases this becomes, respectively,
x =constant; x o« r; and a combination for both, depending whether
V) = Unax OF V)| < Upax. See figure.

c. Simply fill in the eqaution to get M = 2.3 x 1076 M, yr~!.
d. Fill in the equation to get I' = 0.45
e. Setting I' <1 gives M > 27 M.

f. The dominant source of electrons in neutral-hydrogen gas are metals.
Therefore, if the metals are less abundant, the electron fraction will be

line emission around rest wavelength
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line emission around rest wavelength

Figure F.1: Location of origin of various parts of the P Cygni profile.
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4—.4. v(r) =r — x =constant
e

v(r) = k =constant

v(r) combination

Figure F.2: Locations of constant velocity.

lower. As a result the scattering cross section per unit mass will be
smaller, and the Eddington luminosity higher.

d.
Jeff = TM(l 4wécM) <F1>
— ;v2 = (1 - i) (F.2)
— Ve =/ 72G(1-T) (F.3)

h. Vese= 929, 913, < 0 km s~ for, respectively, ¢ Pup, 7 Sco, and a red
supergiant. The < 0 value indicates that the Eddington limit is already
violated for this latter object! In all three cases the wind velocity
exceeds the escape velocity of the stars.

i. Respectively, 5332, 2243, and 6.9 x 10° s
j. We have L/¢ > Muy, and find M < L/cvn.

T = froo K;lpd/r .
= rip(r)Ar (F.5)

= wap(r) -
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. Using 7; = k;pAr and the defintion of N.g, we get

. Using the equations for M and v

Av;Fy. k.
gi =i

L  Avik;

L 4mriy; et

_ LNegAvik;

T Admwer2yT;

— LNeffA'Uﬁ

T Admce?r? o7

_ _LNeg Av

T Anc?rip Ar”

o Z Aqr? FVi Vi
- 7

dv

dr

-1
Ry
+ Ug
)

and substituting the expression

dr?
derived under (1) for g;, some rearranging yields a new expression for
M o L.
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