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3.6: Work in a Gravitational Field

Figure 3.9 depicts a spherical body, such as a glass marble, immersed in a liquid or gas in the presence of an external gravitational
field. The vessel is stationary on a lab bench, and the local reference frame for work is a stationary lab frame. The variable z is the
body’s elevation above the bottom of the vessel. All displacements are parallel to the vertical z axis. From Eq. 3.1.1, the work is
given by dw = F7™ dz where F;™ is the upward component of the net contact force exerted by the surroundings on the system at
the moving portion of the boundary. There is also a downward gravitational force on the body, but as explained in Sec. 3.1.1, this
force does not contribute to F;™".

Consider first the simple process in Fig. 3.9(a) in which the body falls freely through the fluid. This process is clearly spontaneous.
Here are two choices for the definition of the system:

o The buoyant force is a consequence of the pressure gradient that exists in the fluid in a gravitational field (see Sec. 8.1.4). We
ignore this gradient when we treat the fluid as a uniform phase.

Next, consider the arrangement in Fig. 3.9(b) in which the body is suspended by a thin string. The string is in the surroundings
and provides a means for the surroundings to exert an upward contact force on the system. As before, there are two appropriate
choices for the system:

o When we compare Egs. 3.6.3 and 3.6.5, we see that the work when the system is the body is greater by the quantity
(Fbuoy + Fpic)dz than the work when the system is the combination of body and fluid, just as in the case of the freely-
falling body. The difference in the quantity of work is due to the different choices of the system boundary where contact
forces are exerted by the surroundings.

This page titled 3.6: Work in a Gravitational Field is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Howard
DeVoe via source content that was edited to the style and standards of the LibreTexts platform.

https://chem.libretexts.org/@go/page/20467


https://libretexts.org/
https://creativecommons.org/licenses/by/4.0/
https://chem.libretexts.org/@go/page/20467?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/DeVoes_Thermodynamics_and_Chemistry/03%3A_The_First_Law/3.06%3A_Work_in_a_Gravitational_Field
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/DeVoes_Thermodynamics_and_Chemistry/03%3A_The_First_Law/3.06%3A_Work_in_a_Gravitational_Field
https://creativecommons.org/licenses/by/4.0
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/DeVoes_Thermodynamics_and_Chemistry/03%3A_The_First_Law/3.06%3A_Work_in_a_Gravitational_Field?no-cache
https://www2.chem.umd.edu/thermobook

