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Here’s my list of the most common mathematical complaints with the material in graduate-level
physics coursework. It is in not an indictment of the instructors in any shape or form. Now, if
anyone has good resources for these complaints, please let me know. Oftentimes students will just
take some mathematical assumptions for granted and these mathematical complaints were what
made me hold the title of resident mathematician, jointly with another student that I was in these
classes with the other holder. At present, that student is the sole holder of the title. Also, I suspect
that addressing several of these complaints will either give one a good tool for detecting errors
in solving problems or (wishful thinking?) allow someone to discover new physics, much like the
ultraviolet catastrophe was resolved simply by relaxing a mathematical assumption.

Most of these complaints are grounded in real analysis. That, despite the second real analysis
course being my worst undergraduate course.

1. Non-commutation of sum, derivatives and integrals. I am complaining about not
having been given a clue about what could happen if one could not commute any two of the
following operations: sum, derivative or integral, i.e.
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2. Non-commutation of partial derivative order. Or when the hypotheses of Clairaut’s
theorem are not verified. That is, when you end up with having
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In other words, when the order in which one takes partial derivatives matter.

3. Non-commutation of integration order. Or when the hypotheses of Fubini’s theorem
are not verified. That is, when you end up with having∫∫
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Similar to the last complaint, when the order of integration matters.
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4. Discontinuous potentials. I would think that, in practice, most of the situations involving
any of the previous three complaints would be due to discontinuous potentials. And if it didn’t
involve any of the above, discontinuous potentials also arise in quantum mechanics: square wells
(finite or infinite), Dirac delta potential (regardless of how many teeth in the comb). Also, since
one could derive classical mechanics from quantum mechanics, one could be tempted to solve a
classical problem with discontinuous potentials by solving the equivalent quantum problem. Or to
simplify the problem by assuming the potential is discontinuous.

5. Time-dependent masses. Even though I knew that, in hydrodynamics, we could be using
Lagrangian or Hamiltonian field formulation to solve problems involving time-dependent density
fields, I felt that solving discrete, classical problems with time-dependent masses would be a good
idea. Like a planet in its early stages of formation, which is a central-force problem with a time-
dependent mass, knowing that the rocket problem isn’t resolved by Lagrangian or Hamiltonian
mechanics. Now, one could imagine that solving a problem with time-dependent masses can only
be done numerically. But to understand the physics behind such a problem, a good mathematical
grounding is necessary. Now, people will sometimes use the adiabatic approximation to simplify
the problem.
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