Physics 333 Midterm Solutions Professor Mallinckrodt

1. & Reducing the energy means having more than a quarter of the dipoles aligned with the magnetic field. This moves
the system closer to its maximum multiplicity state (equal numbers aligned and antialigned) and, therefore, raises the
entropy.
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EC Using Sterling’s approximation, ! " 20°V20 =15,786, about p
5°15",/2#(5)(15) .
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2. @ Seefigureatright. Note the labels on the paths, the axes, and the intermediate
states (1 and 2). Y Y
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c) Constant volume and pressure heat capacities! v 3V
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d) Firstlaw: U, =Q,+W, =" ;I:’OVO and AU; = Qg +W, :—EPOVO. Makes sense since U is a state function.

€) The entropy changes should be the same for the same reason: S is a state function.

EC Could use the Sackur-Tetrode eqn OR can calculate as follows:
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Asexplainedinparte, ! S; isthe same.

3. @ Itshould be adequately self-explanatory to write (1,1,1), (2,1,0), (2,0,1), (1,2,0), (0,2,1), (0,1,2), (1,0,2)
b) Seeatright ga . gs Iy ! Total

c) Probability =/ total(ga=0)/! ! tota = 3/189 = 1.6% 0 1 5 3 3

d) Probability =/ 1oa(ga=3)/! ! 1ota = 60/189 = 31.7% 1 3 4 6 18

€) Bracketing the most probable microstate, we see that when 2 6 3 7 42

system A’s energy changes from 2" to 4", its entropy changes 3 10 2 6 60

from In(6) to AIn(15) so T, = 28 53k 4 15 1 3 45

For system B wefind T, | — = = 274K . Tod 189
kin(7/3)

Note that the temperatures are not the same because of the
large effects of discretenessin small systems. They areas
close as they can get!
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4. a) Becauseentropy is“extensive’ we need the entropy to double when the system doublesin size. (doubling ¥ and U.)
Let SU,V)! UV¥ . Then,if S(2U,2V)=2U,V), then (2U)*(2v)"* = 2u*v¥*, which implies that 2*2"* =2 or
x=3/4. Since S dependsonly on U and ¥, we need only add a proportionality constant to obtain S= oU¥*v¥*.
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¢) When T doubles, (%j doubles, so the pressure, which is proportiona to K%) } , increases by afactor of 16.
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d) Solving for U wefind U :§TT-& \%
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f) C, isproportional to T* sowhen 7 doubles, the heat capacity increases by afactor of 8.
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