Formula Sheet
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Utrans = NKirans = §NkT = §PV
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Uthermal =N- f ! ikT

AU =W +Q
W = —PAV  for constant pressure

W=-— / P dV  for variable pressure

For isothermal compression, PV = const
For adabiatic compression, VT7/2 = const and V{/+2// P = const

C=Q/AT
For the ideal gas, Cy = fNk/2 and Cp = (f +2)Nk/2

Multiplicity of the two-state paramagnet:
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For x small, we have:
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ds = quasistatic, reversible only
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The entropy of a monatomic ideal gas is:
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Efficiencies and Costs of Operation:
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COP = %a where W + an = Qout; Qin = QC7 Qout = Qh
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COPmaz =
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Enthalpy H =U + PV
Helmholtz free energy F' = U — ST
Gibbs free energy G =U + PV — ST =H — ST

dU = T dS—P dV + udN, U=U(S,V,N)
dH = T dS+V dP+ pdN, H=H(S,P,N)

dFF = —SdT'— P dV + pudN, F=F(T,V\N)
dG = —SdT'+V dP+ udN, G=G(T,P)N)
G=Nu

Clausius-Clapeyron:
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At constant V, U and N, S goes to a maximum
At constant V, T and N, F goes to a minimum
At constant P, T and N, G goes to a minimum
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s - state label
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all states s

Z(T) = > QE) e PF
all energies E
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Maxwell speed distribution D(v) in an ideal gas:

3/2
D(v) = (T:ZT) Amry? emmV7/2KT

F=—-kETInZ

oOF U

Zn = (Z,)N  for distinquishable particles
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Zl)N for indistinquishable particles

Entropy of the ideal gas with f quadratic degs of freedom
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Bose-Einstein (bosons) statistics:
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Fermi-Dirac (fermions) statistics:
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Planck distribution (blackbody radiation):
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Stefan’s law (blackbody emission):
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