FROM FEAR TO FUN IN THERMODYNAMICS:
Name the Experiment (PERC 2013)

Paradigms in Physics Team
Oregon State University

The Activity

1. Sketch an experiment that could be used to measure the following derivative:
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2. Sketch an experiment that could be used to measure the following derivative:
o5
ov ) r

3. Use the differential for the Helmholtz free energy

dF = —SdT — pdV

to find a mathematical relationship between these two experiments. Which experiment would be easier
to perform in the lab?

For further information about this session, scan the QR code at the right, or navigate to:
http://physics.oregonstate.edu/portfolioswiki/workshops:percl3:start
or contact David Roundy <roundyd@physics.oregonstate.edu>.




Solution

Experiment 1

The procedure involves heating the contents of an insulated piston with a resistor, and measuring how much
weight needs to be added to the piston in order to return the system to its original volume.
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Experiment 2

A metal piston is inserted into an insulated container of ice water with a known quantity of ice. The volume
of the piston is slowly changed, and afterwards the mass of the ice is measured.
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Maxwell Relation

We know the Helmholtz free energy takes form of ' = U —T'S. We are keeping the number of moles constant
(N = constant). We know the internal energy takes form dU = T'dS — pdV. Zapping the free energy with
d, we have:

dF = —pdV — SdT
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Further discussion can be found in the paper “Name the Fxperiment” at the website given on the previous page.



