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’T//I”j j PROBLEMS

5.j—Consider a sphere of ionized hydrogen plasma that is undergoing
spherical gravitational collapse. The sphere is held at constant isothermal
temperature T, uniform density and constant mass M, during the col-
lapse, and has decreasing radius R(t). The sphere cools by emission of
bremsstrahlung radiation in its interior. At t=1{, the sphere is optically
thin. e

a. What is the total luminosity of the sphere as a function of My, R(f)
and T, while the sphere is optically thin?

b. What is the luminosity of the sphere as a function of time after it
becomes optically thick?

¢. Give an implicit relation, in terms of R(Z), for the time f, when the
sphere becomes optically thick.

d. Draw a qualitative curve of the luminosity as a function of time.

5.1
a. The optically thin luminosity is equal to the volume V=(4/3)7R 0
times the power radiated per unit volume, Eq. (5.15b):

R =1.7%107'n,n, T3V

thin

where we have taken gg=12. Now, ny=n,=My/mV. where m, =
hydrogen mass. Thus

-3
P = 16X 100MZT PR (1) o = K'({j

~thin

~b. The optically thick luminosity is equal to the surface area 4wR*(?)
times the blackbody flux, Eq. (1.43):

) ' L 7‘"-::2 e
R =T 1 X 107 TgR (1) =< K /@

c. The transition between thick and thin cases occurs roughly when

Copin =~ Lipicic- Setting the above expressions equal for 1=, we obtain

R(1g) 4.7 X 10°M3/T5 /1.

[An alternate solution follows by setting a{{R(to)ml, using Eq. (5.20).
This yields a result of the same form, but with coefficient 2.0 X 10%] _

d. See Fig. S.7. ( f(;w&(,m fﬁ/i”m,' S L fjW\%\) 2N X & ’g

fRen Senpi an K.
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Fig. 13.9. Apparent transverse velocity as a function of the Lorentz factor, y, and the inclination to the
line of sight, 6.
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Kenneth 1. Kellermann and Frazer N. Owen

A A A A Fig. 13.7. Changes in the structure of the quasar 3C273
) 1 observed between 1977 and 1981 (Pearson et al. 1981. Re.
197756 1 printed by permission from Nature, Vol. 290, No. 5805, pp. 365.
Copyright(c) 1981, Macmillan Magazines Ltd.
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