
Weekly exercise W45: FYS2160, Thermodynamics and statistical physics

1 Problems from Schroeder

Schroeder 7.37 Solution:

Schroeder 7.37 To find the maximum of the Planck function x3/(ex−1), you could just plug in
numbers until it becomes clear that x = 2.82 gives a larger value than any other x. Or you could use
an algorithm to solve for the minimum of the function.

You could also derive the function and set it to 0, leaving you with the equation e−x = 1− x/3,
which you again would need to find the root of numerically.

Schroeder 7.39 Solution:

Schroeder 7.39 The relation λ = hc/ϵ implies ϵ = hc/λ and dϵ = −(hc/λ2)dλ. Therefore,
equation 7.83 becomes:

The function whose integral gives the energy density is from that:

u(λ) = 8πhc/λ5

ehc/kTλ−1
below is the plot of the function with dimensionless variables:

Although this curve may look superficially similar to Figure 7.19, it differs significantly: It goes
to zero exponentially as l goes to 0, and falls off in proportion to 1/L4 as l goes to infinity. Notice
also that the peak of the curve is at approximately l = 0.2. Therefore, as a function of wavelength,
the Planck spectrum peaks at the value l= (0.2)(hc/kT) = hc/(5kT). This is not the same point
where the spectrum peaks as a function of photon energy (or frequency); it is lower in wavelength
(or higher in energy) by a factor of 5/2.82 = 1.76. How can this be? The difference occurs because
both this spectrum and the one plotted in Figure 7.19 are functions whose purpose in life is to be
integrated. Either formula will give the same answer when you integrate it appropriately between
any two points. However, one gives the energy density per unit photon energy, while the other gives
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the energy density per unit wavelength, and the units of photon energy and wavelength depend on
each other in a nonlinear way. For instance, a one-unit photon energy range, say a range of 1 eV,
corresponds to a larger range of wavelengths if it’s from 2 eV to 3 eV than if it’s from 200 eV to 201
eV. Therefore, when we convert the photon-energy spectrum to the wavelength spectrum, we shift the
curve upward at short wavelengths (where a unit of wavelength includes a relatively large range of
photon energies) and downward at long wavelengths (where a unit of wavelength includes a relatively
small range of photon energies).

Schroeder 7.58 Solution:

Schroeder 7.60 Solution:
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Schroeder 7.61 Solution:
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