
DANM 250C-01 Winter Quarter 2014

Exercise 6 Solutions

The goal of this exercise is to understand exactly how much interstellar gas goes into
each star, and how much it is compressed in the process.

1. First, let us compute the density of gas in interstellar space. Consider a typical in-
terstellar region, with a density of 1 H atom per cubic cm, or 106 H atoms per cubic
m. What is the mass density of this region, i.e., how many kg of gas are there in each
cubic m of space? Hint: look up the mass of a hydrogen atom, and then just multiply.

Solution:

The mass of a hydrogen atom is 1.67× 10−27 kg, and there are 106 of them per m3, so
the mass density is ρ = 1.67 × 10−27 kg × 106 m−3 = 1.67 × 10−21 kg m−3.

2. Now let us compute how big a volume of interstellar matter is required to make one
star. Consider a star like the Sun, with a mass of 2×1030 kg. If the mass to create this
star came from a spherical region of the interstellar medium, how big was the radius
of this sphere? Hint: the volume of a sphere is given by V = (4/3)πR3, where R is
the radius, and the mass of the sphere is M = (4/3)πR3ρ, where ρ is the density. Give
your answer in units of pc.

Solution:

We can re-arrange the equation for the mass to get the radius, and then plug in:

M =
4

3
πR3ρ

R3 =
3M

4πρ

R =

(
3M

4πρ

)1/3

=

(
3 × 2 × 1030 kg

4π × 1.67 × 10−21 kg m−3

)1/3

= 6.6 × 1016 m

= 2.1 pc.

In the last step we used the unit conversion that 3.09 × 1016 m = 1 pc.

3. By what factor is this material compressed in the process of forming a star? In other
words, what is the radius you found in the previous part, divided by the radius of the
Sun?
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Solution:

The radius of the Sun is 7.0 × 108 m, so we just need to divide:

compression factor =
6.6 × 1016 m

7.0 × 108 m
= 9.4 × 107

So the compression is by a factor of about 100 million.

4. Recall that star formation is an inefficient process, so that only a few percent of the
mass that is gathered into star-forming clouds actually turns into stars. Thus the mass
that must be gathered into a cloud to make a star like the Sun is ∼ 10−100× that of the
Sun itself. For the sake of argument, let’s take this mass to be 50× 2× 1030 kg = 1032

kg. How big a volume of interstellar space must be collected into a star-forming cloud
to reach this mass?

Solution:

This is identical to problem 2, just with different numbers. The volume is

V =
M

ρ
=

1032 kg

1.67 × 10−21 kg m−3 = 6.0 × 1052 m3,

and the corresponding radius is

R =

(
3M

4πρ

)1/3

=

(
3 × 2 × 1030 kg

4π × 1.67 × 10−21 kg m−3

)1/3

= 2.4 × 1017 m = 7.9 pc.
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