31.

(a) Let r be the radius and p be the density of the particle. Since its volume is (47/3)r3, its mass is

m = (47/3)pr3. Let R be the distance from the Sun to the particle and let M be the mass of the
Sun. Then, the gravitational force of attraction of the Sun on the particle has magnitude
GMm  4nGM or?

R2  3R*

Fy =

If P is the power output of the Sun, then at the position of the particle, the radiation intensity is
I = P/47R?, and since the particle is perfectly absorbing, the radiation pressure on it is

1 P

br="" xR

All of the radiation that passes through a circle of radius r and area A = 7r?, perpendicular to the
direction of propagation, is absorbed by the particle, so the force of the radiation on the particle
has magnitude

wPr? Pr?

4tR2c  4R2c’

The force is radially outward from the Sun. Notice that both the force of gravity and the force
of the radiation are inversely proportional to R2. If one of these forces is larger than the other at
some distance from the Sun, then that force is larger at all distances. The two forces depend on
the particle radius r differently: F, is proportional to r3 and F, is proportional to 2. We expect
a small radius particle to be blown away by the radiation pressure and a large radius particle with
the same density to be pulled inward toward the Sun. The critical value for the radius is the value
for which the two forces are equal. Equating the expressions for F, and F;., we solve for r:

Fr:prA:

3P
r=———.
167GM pc

(b) According to Appendix C, M = 1.99 x 10** kg and P = 3.90 x 10?6 W. Thus,

3(3.90 x 1026 W)
167(6.67 x 10-11 N - m2/kg?)(1.99 x 103 kg)(1.0 x 103 kg/m”)(3.00 x 108 m/s)
= 58x10"m.
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