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Abstract

Clarifying the role of position in nonrelativistic quantum mechanics to be “concep-
tually” in line with relativity. The second quantization formulation introduce by Fock
in 1932 provides an elegant and powerful way to resolve the tension between position
as an operator-observable and time as a coordinate-parameter.

This note # 7 in a series of notes to untangle quantum mechanics for general audience
and experts alike.
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It is generally accepted in the discussions pertaining to the foundations of quantum
mechanics, that the framework of non-relativistic quantum mechanics is appropriate [?].
In principle, one would want to discuss relativistic effects in the context of quantum field
theory, but the formalism is much more complex and tends to hinder the discussions more
than help them. There is, however, a foundational issue that is not discussed much in
the literature, namely the conceptual discrepancy between position and time, as they are
defined in nonrelativistic quantum mechanics.

It is perfectly acceptable to discuss conceptual issues in cases where all speeds of objects
are small compared to the speed of light so that relativistic effects are small and negligi-
ble. The numerical limit from large velocities does not include a change in foundational
concepts, even if dramatically new effects, like time dilation, are involved at large velocities.

But it is not acceptable to consider this limit when there are conceptual changes in
foundational concepts. That is the case in nonrelativistic quantum mechanics where po-
sition is treated as an observable, which is represented mathematically by a Hermitian
operator, and where time is treated as a coordinate or parameter, which is represented as
a real-valued number. That means that the relativistic description of a Lorentz transfor-
mation between different inertial frames is conceptually at odds with the way space, the
position operator, and the time coordinate value are handled.
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To discuss relativistic issues in nonrelativistic quantum mechanics, one must use a for-
mulation where both space and time are treated on the same conceptual footing. This was
accomplished in 1932 by Vladmir Fock [3] with the introduction of the number represen-
tation of wavefunction, also known as “second quaantizatin.” This formulation has proven
to be very powerful for writing the computer software the solves the Schrödinger equation
for molecular systems [4] and materials [2, 1], as well as for work in quantum field theory
[5]. In the second-quantization formulation every system is described as a field and the
position and time are coordinates of where whatever is described by the wave function is
created or desctoyed by creation and annihilation operators a†(~r, t),a(~r, t), labeled by the
spacetime coordinates (~r, t).

Even though the numerical details of the calculations performed are not relativistic
and they will not give correct values when systems are moving at speeds close to the speed
of light, the formulation is conceptually correct and valid across nonrelativistic quantum
mechanics and quantum field theory.

In the second-quantization formulation, nonrelativistic systems are not described by
wavefunctions that depend on position, but they are specified by creation and annihilation
field operators. Wavefunctions can be computed for the strengths of thoses fields, which
can have multiple components. There can be components of electric and magnetic field
strength vectors, of vector potentials, or spinor (qubit) components at a particular point ~r
in space at a moment t in time.
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