
ASTR3007/4007/6007, Tutorial 3: Radiation Pressure 9 March

In this tutorial we will explore the role of radiation pressure in supporting stars. We
will derive some basic relations for describing the balance between radiation pressure and gas
pressure, and use them to reach some conclusions about stars where radiation pressure is
important.

We characterise the importance of radiation pressure in terms of the quantity

β =
Pgas

Pgas + Prad

(1)

where Pgas and Prad are the gas and radiation pressures, respectively. Clearly β is bounded
between 0, and 1; β ≈ 0 corresponds to a gas where Prad � Pgas, β ≈ 1 corresponds to a fluid
where Prad � Pgas, and β = 0.5 indicates the radiation and gas pressure are equal.

Exercise 1. Consider an ideal, non-degenerate gas of specified density ρ, mean molecular
mass µ, and temperature T , and derive an expression for T in terms of ρ and β. At a density
ρ = 10 g cm−3, what value of T is required to produce β = 0.5? Assume the mean molecular
mass µ = 0.61.

When making models for stars, usually the we know the total pressure P = Pgas+Prad (from
hydrostatic balance) rather than the density and temperature. It is therefore more useful to
have an expression for β that involves pressure rather than temperature.

Exercise 2. Derive an equation for β in terms of P , µ, and ρ. You should find that this
equation is a quartic in β. Obtain analytic solutions for β in the limits P → 0 and P →∞.

The expression you have derived is known as the Eddington Quartic, after Arthur Eddington,
who first derived it in the 1920s. Quartic equations like the Eddington Quartic have exact
analytic solutions, but the formula is so horrendously complicated that numerical solution is
often preferable.

Exercise 3. The quartic equation you derived in exercise 2 should give β in terms of a
single parameter that involves P , ρ, and µ. Write some code (using the language or tool of
your choice) to solve for β as a function of this parameter, and make a plot of β versus this
parameter. Based on your graph, as the total pressure increases at fixed density, does the gas
get more radiation pressure-dominated, or more gas pressure-dominated?

One important implication of the role of radiation pressure in supporting stars is that, as
radiation pressure becomes increasingly dominant, stars get less and less bound, and thus more
and more unstable. This tends to make massive stars, which are strongly supported by radiation
pressure, subject to a number of instabilities. To demonstrate this effect, we can define

U = Ugas + Urad =
∫ M

0
(ugas + urad) dm (2)

as the total, gas plus radiation, internal energy of a star.

Exercise 4. Consider a star where β is constant throughout. Show using the virial theorem
that for this star the total energy is E = U + Ω = (β/2)Ω, where Ω is the gravitational binding
energy. Based on this, are stars where radiation pressure is dominant more or less bound than
stars where gas pressure is dominant?
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https://en.wikipedia.org/wiki/Arthur_Eddington
http://mathworld.wolfram.com/QuarticEquation.html

