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▪ Consider a plasma slab of thickness 

𝑑𝑟 at position 𝑟 inside an isotropic 

atmosphere

• Radiation pressure on the upper and 
lower surfaces of the slab

Transport by radiation

▪ The net force/unit area exerted by radiation field on slab is

with the radiation pressure being  𝑃rad 𝑟 =
𝑤𝑝ℎ

3
=

4𝜎𝑠𝑇
4 𝑟

3𝑐

▪ The change in radiative energy flux 𝐹rad due to the opacity is 𝑑𝐹rad = −𝜅𝜌𝐹rad𝑑𝑟

and therefore the net momentum transfer to the slab gas is Τ𝑑𝑃rad = −𝜅𝜌𝐹rad𝑑𝑟 𝑐

𝑃rad 𝑟 − 𝑃rad 𝑟 + 𝑑𝑟 = −
𝑑𝑃rad 𝑟

𝑑𝑟
𝑑𝑟

𝑃rad 𝑟

𝑃rad 𝑟 + 𝑑𝑟

*For relativistic particles, e.g. photons (instead of 𝑝 = 2

3
𝑤 for classical particles)

*
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▪ Equate transferred momentum per unit time with the net force

▪ With 𝐹 𝑟 = Τ𝐿 𝑟 4𝜋𝑟2 we obtain the radiative transport equation

▪ Large temperature gradients are favored by either a low temperature 

and a high density and high opacity

➢This happens in the outer 30% of the solar radius, where the opacity 
becomes far greater than in the inner region, while Τ𝜌 𝑇3 changes less

Transport by radiation (cont.)

Τ−𝜅 𝑟 𝜌 𝑟 𝐹 𝑟 𝑐 = −
𝑑𝑃rad 𝑟

𝑑𝑟
=
16 𝜎𝑠𝑇

3 𝑟

3 𝑐

𝑑𝑇 𝑟

𝑑𝑟

⇒
𝑑𝑇 𝑟

𝑑𝑟
= −

3 𝜅 𝑟 𝜌 𝑟 𝐹 𝑟

16 𝜎𝑠𝑇
3 𝑟

𝑑𝑇 𝑟

𝑑𝑟
= −

3 𝜅 𝑟 𝜌 𝑟 𝐿 𝑟

64 𝜋𝜎𝑠 𝑟
2 𝑇3 𝑟
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