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Abstract: What happens to physics theories when adding dimensionality is 
reinterpreted not as free but as something costly to avoid until absolutely necessary? 

An answer to this question already exists: You get a mechanical model that worked 

so well in electromagnetism that James Clerk Maxwell used it to prove that light is a 
form of electromagnetic radiation. This article briefly discusses two examples of 

mechanical models that necessarily require using low dimensionality: Maxwell’s 1862 
“molecular vortex” model that uncovered the nature of light, and Walker Lee 

Guthrie’s 2012 fast-sinusoidal-transition model that may provide insights on 
quantum state transition dynamics. 

 
The First Field Theory Was Mechanical 
 

The concept of using mechanical models to capture and predict critical behaviors in 
complex physical systems goes scale beyond models. For example, did you know that 

James Clerk Maxwell first determined light to be electromagnetic [1] not by using 

differential equations — those came later — but by constructing an aether model in which 

he filled space with tiny twirling mechanical vortices (Fig. 1)? 

 
 

 
 

Figure 1. A graphical representation of Maxwell’s 1862 rotating vortex cells. He 
developed the model in stages, adding just enough complexity to capture all known 

rules of electromagnetism. He later converted the mechanical rules of these cells into 
quaternion differential equations, which Heaviside converted decades later into the 

four more compact vector-notation equations we now call Maxwell’s Equations. The 
fact that Maxwell first captured the logic of his equations in mechanical form — and 

only later converted them into differential equations — remains one of the most 

unique derivations of a new physical theory. (Image: 老陳 CC BY 3.0) 

 

Due to that success, Maxwell’s fully mechanical sea of tiny whirling gizmos, all fully 
contained within three dimensions of space and one of time, readily qualifies as the first 

and arguably one of the most successful field theories. In addition to providing the rigor 

needed to predict the speed of electromagnetic radiation traveling through his aether of 

spinning cells, his mechanical model contains subtle hints of the relativistic ([2]; see final 
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quote from Chapter 12) and quantum revolutions that Maxwell, alas, never lived to see 

due to his untimely early death. His was the first theory that showed how to represent 
particles — photons — as excitations of an aether of oscillating mechanical devices. His 

pre-quantum version of photonic fields did not need the yet-to-be-discovered effect of 

quantization, yet even was as capable of supporting it as modern quantum field theories 

that, to this day, add quantization to their fields in an ad hoc fashion by simply making it 

an operator whose physical meaning remains mysterious. 
 

Ironically, the same Maxwell who played a critical role in transforming physics into a 

discipline of differential equations began his journey with an adamant insistence on first 

creating mechanical models of his ideas [2]. The early philosophical stance of Maxwell was 

that if there was no mechanical equivalent to some dynamic behavior proposed to exist in 

electrodynamics, then that behavior likely did not exist or had been misunderstood. His 
approach stands in stark contrast to the modern descendants of Maxwell’s first aether 

theory, such as superstrings, that keep the idea of a fixed sea of shifting vibrations but 

discard any need for comparisons to everyday classical physics with severely limited 

dimensionality. Yet Maxwell’s mechanical aether strategy served him well by providing a 

sufficiently precise quantitative model to show that electromagnetic and light waves are 
one and the same thing. 

 
The Curious Case of Low-Dimensional Field Theories 
 

The trickier question about Maxwell’s molecular vortex model is this: If physical reality is 
inherently hyper-dimensional — that is, if modeling reality requires high numbers of 

dimensions, as in quantum theory’s extensive use of infinite-dimensional Hilbert spaces —

how could Maxwell’s model possibly have worked? Shouldn’t any kind of mechanical model 

be incapable of the complexity needed? 

 

For example, the perceived need for additional dimensions to model experimental physics 
is why “super” string theories never use less than ten dimensions. (The best designation is 

“super” strings because the original data-driven string 1960s string theory turned out to 

be an incomplete theory of quark orbitals. Quark orbitals are much “stringier” than 

electron orbitals.) Superstring theories assume astronomically dense packing of these into 

resonators to form the aethers we perceive as Lorentz-invariant vacuums. 
 

Incidentally, that kind of extreme packing of complicated resonators is the deeper source 

of the vacuum density problem: predictions of infinitely massive vacuums. If Maxwell had 

proposed that his molecular vortices were actual mechanical devices of tiny size, he, too, 

would have encountered the same infinite-vacuum density problem as modern quantum 
field theories. The two issues are closely correlated. Maxwell handled his vacuum density 

problem by recognizing that despite their representational abilities, his vortices could not 

be real machines. Modern quantum field theories cannot eliminate the problem that 

simply since we now know that vibration energy has gravitational mass independent of 

the resonators. 
 

Maxwell appears to have intuited, rather than specifically worked out, that even ordinary 

three-dimensional space plus time has immense representational capabilities. His 

intuitions were correct, but, as anyone familiar with various symmetries of modern field 

theories, Maxwell had the good fortune to deal only with the electromagnetic force, which 
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has a straightforward relationship to xyz plus t space. Even for this case, however, 

Maxwell (based on Faraday’s work) still had the curious issue of defining how a “flux” of 
electric “something” could flow continually out of one static charge to another charge — 

which is the reason why, to this day, we talk about positive (outflowing) and negative 

(inflowing) charge types. Even for electromagnetism, some of the geometries suggested 

something more complicated was going on beneath the hood. 

 
Maxwell’s remarkable success in using a 3D mechanical field theory to determine the 

more profound nature of light brings up the issue that 3D observers, like fish in the ocean, 

may not fully perceive the complexity of their environments: 3D space and time are 

already immensely complex. The best proof of this is the complexity required to model 

space and time, even incompletely, on a computer.  

 
Thus, the subtler question of Maxwell’s mechanical successes is this: Was Maxwell’s initial 

intuition of the power of lower-dimensional field theories abandoned too quickly in favor of 

the powerful symmetries and capabilities available in higher dimensional models? Is it 

possible the constraints of 3D space are not so much limits as they are reflections of 

deeper physics, thus allowing them to model more complex physics behaviors? 

 
A Simple Mechanical Model of Quantum Energy Transitions 
 

In 2012, engineer Walker Lee Guthrie devised a straightforward way to model electron 

energy transitions using nothing more than a stiff spring to represent the wave function 
and pressure to transition the function to higher energies [3][4]. Fig. 2 provides a slightly 

stylized portrayal of the video of his model covering two energy transitions. 

 

 

 
 

Figure 2. Idealized images of Guthrie mechanical quantum transition model, closely 

based on images from compression experiments. Blue indicates the lowest-energy 
(base) state, while red indicates the highest energy state. Note the how the peaks 

flatten and sides steepen immediately before each extremely rapid transition, 
implying that the simple harmonics of the stable states convert into complex 

superpositions of higher harmonic states immediately before restabilizing. 
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What is particularly notable in the video [4] of the Guthrie quantum wave transitions is 

the speed of the energy state transformations after the initial distortions of the simple 
sinusoidal wave corresponding to standing waves. An emulator of this simple form strips 

out most of the complexity of the wave function yet keeps the most critical part: How 

does the addition of energy enable a quantized transition? This simple example suggests 

that even today, there is potential in Maxwell’s mechanical approach for quantum insights. 

 
(Special thanks to Lowell Rosen of MITRE for first alerting me to Maxwell’s vortex work.) 
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