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5.13: Pressure at the Centre of a Uniform Sphere

What is the pressure at the centre of a sphere of radius a and of uniform density p?

(Preliminary thought: Show by dimensional analysis that it must be something times Gp?a?.)
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Consider a portion of the sphere between radii 7 and r -+ ér and cross-sectional area A. Its volume is Adr and its mass is p.Adr.
(Were the density not uniform throughout the sphere, we would here have to write p(r)Adr. ) Its weight is pgAdr, where
g=GM,/r* = %wGpr. We suppose that the pressure at radius r is P and the pressure at radius r+dr is P+dP. (6P is
negative.) Equating the downward forces to the upward force, we have

4
A(P+46P)+ gﬂ'Aszr&‘:AP. (5.13.1)
That is:
4 2
0P = —§7er ror. (5.13.2)
Integrate from the centre to the surface:
0 4 a
/ dP = ——7Gp’ / rdr. (5.13.3)
R 3 0
Thus:
2
pP= Eﬂ'G’pza2. (5.13.4)

This page titled 5.13: Pressure at the Centre of a Uniform Sphere is shared under a CC BY-NC 4.0 license and was authored, remixed, and/or
curated by Jeremy Tatum via source content that was edited to the style and standards of the LibreTexts platform.

@ 0 a 5.13.1 https://phys.libretexts.org/@go/page/8158


https://libretexts.org/
https://creativecommons.org/licenses/by-nc/4.0/
https://phys.libretexts.org/@go/page/8158?pdf
https://phys.libretexts.org/Bookshelves/Astronomy__Cosmology/Celestial_Mechanics_(Tatum)/05%3A_Gravitational_Field_and_Potential/5.13%3A_Pressure_at_the_Centre_of_a_Uniform_Sphere
https://phys.libretexts.org/Bookshelves/Astronomy__Cosmology/Celestial_Mechanics_(Tatum)/05%3A_Gravitational_Field_and_Potential/5.13%3A_Pressure_at_the_Centre_of_a_Uniform_Sphere
https://creativecommons.org/licenses/by-nc/4.0
https://www.astro.uvic.ca/~tatum/celmechs.html
http://orca.phys.uvic.ca/~tatum/celmechs.html

