Homework #4

1. Consider again the problem of radiation due to the parent star.

(a)

(b)
()

The luminosity of the sun is Lo, = 4 x 10?6 W (1 Watt = 1 Joule/second). The earth is located
at a distance Rg = 1.5 X 10® m. How many watts per square meter fall on an object at Earth’s
distance from the sun (recall that the area of a sphere of radius R is A = 47 R?)?

Now replace this distance Ry with 10 pc, so that R = 10 pe x (3.26 ly/pc) x (10'° m/ly). How
many watts per square meter of radiation from the sun is there 10 pc from the sun?

Hart’s model gives a CHZ at a radius from the sun of 0.97 AU < R < 1.03 AU. Given that the
power flux F goes as 1/R? where R is the distance from the sun, (the power flux is 1/4 as large
for an object 2 times as far from a star), what is the ratio of the power flux between the inner
and outer edges of the CHZ (i.e., Fiuer/Fouter)?

Recall that the power flux, which you calculated in the above goes as 1/R? (the power flux is
1/4 as large for an object 2 times as far from a star) and goes as L (the power flux at a given
radius R from the star doubles as the luminosity of the star doubles). From these results, and
given the fact that Jupiter is 5.2 AU away, how much brighter would the sun have to be in order
that the power flux at Jupiter to equal the power flux from the sun at Earth is today?

2. Dimensional analysis again.

(a)

I want you to figure out, to an order of magnitude, how much energy was liberated from the sun
in its gravitational collapse. The only things that this energy depends on are GG, the gravitational
constant, which has dimensions of L3M T2 (where T is a time), M, the mass of the sun (has
units of M a mass), and R, the current radius of the sun (has units of L a length). Construct
a quantity from G, M, and R that has units of energy in the following way:

E=G"M'R
Recall that energy has units of M L?*T 2.

From the above expression, and given that G = 6.673 x 10~ kg m® s72, M, = 2 x 10% kg,
and Ry = 7 x 10% m, calculate out the energy of the sun liberated from gravitational collapse,
in Joules (recall 1 Joules = 1 kg m? s72).

Now given the sun’s luminosity Lo = 4 x 10?®¢ W, calculate out the lifetime of the sun if the only
source of energy is through gravitational collapse. Express your answer in millions of years.



