This is the third take-home quiz: Q3

Make another max-5-min video in which using the following slides (the same | used
in class) you explain (like | did in class) the key observations that lead to the simple
system model and the Euler free energy for small systems. Avoid spending time on
the mathematical derivations in slides 4-5-7 below. Rather, focus on graphical
representations in slides 2-3-6 and try to explain their physical meaning.
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Review of basic concepts: micro & meso vs macro
rarefaction effects near walls at SE
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Review of basic concepts: micro & meso vs macro
rarefaction effects near walls at SE
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Review of basic concepts: Simple-system model (macroscopic limit)
proof of the Euler relation

The condition of homogeneity of first degree in all variables

SV n

U(S,V,n) = AU()\ —

) for any real A (1)

implies the Euler relation

U=TS—-pV+pu-n

It also implies that the potentials conjugated with S, V', n are homogeneous of zero degree
in all variables, i.e., for any real A,

sV =7(5 5 5) psvm=a(355) wsve=a(53.5) @

Proof of (1): compute the partial derivative of Equation (1) with respect to A
=0 (550G D )G ) ) oG b ()

and let A\=1toget 0=U(S,V,n)—T(S,V,n)S+p(S,V.n)V —u(S,V.n) -n
Proof of (2): compute the partial derivatives of Equation (1) with respect to S, V, and
n, respectively.
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Review of basic concepts: (Small SYStemS)
specific properties depend on the total amount of constituents
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Review of basic concepts: (Small SyStemS)
minimum work of partitioning
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Review of basic concepts: (Small SYStemS)
minimum work of partitioning
Minimum work of partitioning into A identical compartments in identical SES:
SV n
Wél:l)\ B Wri\lgcl — EA — k= )\El (Xa Xa X) T El(Sa Van)
Minimum work to increment or decrement A\ by one:
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where we recall that we defined the Euler free energy
Fu=FE-TS+pV —u-n
So we see that its value for one of the A\ partitions equals the

minimum work to increase or decrease by one the number of partitions.
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