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The scholarly reputation of Professor James Moriarty within mathematical physics is established by his authorship of The Dynamics of an Asteroid, first mentioned in Sir Arthur Conan Doyle’s 1915 novel The Valley of Fear. Within the narrative canon, Sherlock Holmes describes this book as ascending to such rarefied heights of pure mathematics that no critic in the scientific press was capable of evaluating or criticizing its formulations. This masterwork serves to establish Moriarty’s intellectual equivalence to Holmes, supplementing his earlier academic milestone: a treatise on the binomial theorem composed at the age of twenty-one, which gained a "European vogue" and secured him a mathematics chair at a provincial university with an annual salary of £700. Dark rumors finally led to his resignation and he moved to London to coach an army coach. Moriarty’s mathematical genius remained unchallenged, eventually finding expression as the organizing intellect of London’s underworld.

1) Mathematical Framework of Celestial Mechanics and Perturbation Theory : To reconstruct the mathematical content of The Dynamics of an Asteroid, one must integrate the classical mechanics of the late Victorian era. As proposed by physicist Alejandro Jenkins, the singular use of "asteroid" in the title strongly suggests a theoretical focus on the "dynamics of a particle". In 19th-century scientific terminology, a "particle" (or "material point") referred to a solid body of fixed mass whose state can be fully characterized by one position and one velocity vector, rendering its physical dimensions, shape, and internal rotation irrelevant. Standard Cambridge textbooks of the era, such as those by Tait and Steele (1856) or Edward John Routh (1898), used this formulation to simplify mathematical derivations. By treating a minor planet as an idealized particle subject only to the gravitational attraction of the Sun and minor planetary perturbations, Moriarty's work aligned itself with pure mathematics rather than empirical, observational astronomy.

The mathematical baseline of this particle system begins with the restricted two-body problem, wherein Kepler's laws are derived from Newton's inverse-square gravitational law. The unperturbed conic trajectory of the asteroid is represented in polar coordinates as:
[image: ]
where r is the radial distance from the solar barycenter, a is the semi-major axis, e is the eccentricity, and ν (or f) is the true anomaly.

To account for the gravitational influence of a third body, such as Jupiter, the system must utilize perturbation theory. The total gravitational potential U acting on the asteroid is split into a two-body potential.
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and a non-Keplerian disturbing function R:
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Where 𝐫 and 𝐫 Jupiter represent the position vectors of the asteroid and Jupiter relative to the Sun, respectively.

The time-rates-of-change of the osculating orbital elements are governed by the Lagrange planetary equations. Expressed in terms of the disturbing function 𝐑, the variations in the semi-major axis a, eccentricity e, and inclination 𝐼 are formulated as:
[image: ]
where n = √G Msun / a³ is the mean motion, ε is the mean longitude at epoch, ϖ is the longitude of pericenter, and Ω is the longitude of the ascending node. When analyzing the Circular Restricted Three-Body Problem (CR3BP)—which models the motion of an infinitesimal third mass P₃ under the gravitational influence of two primary masses P₁ and P₂ revolving in circular orbits—it is mathematically advantageous to transition to a rotating, synodic coordinate system centered on the barycenter. By normalizing the units such that the sum of the primary masses m₁ + m₂ = 1, the distance between them is 1, and the orbital angular velocity is 1, the mass of the secondary body is defined by the mass parameter μ = m₂ / m₂ +  m₁. The primaries are fixed on the x-axis at ( — μ, 0, 0) and (1 — μ, 0, 0). 
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The dimensionless equations of motion for the third body in this rotating frame incorporate both Coriolis and centrifugal forces : 
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where the augmented potential function Ω (x, y, z) is defined as :
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The distances d and r represent the position of the asteroid relative to the primary and secondary bodies, respectively :
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This system admits a single conserved quantity known as the Jacobi constant C, which acts as an energy-like integral in the rotating frame :
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By setting the velocity terms to zero (ẋ² = ẏ² = ż² = 0) the Jacobi constant defines the boundaries of permissible motion, known as Hill’s surfaces or zero-velocity curves, which partition the phase space into reachable and unreachable regions depending on the initial energy state.

To extend the analysis to physical body characteristics, we must evaluate the non-linear spin state of an asteroid following an external impact. In a co-rotating reference frame aligned with the principal axes of inertia (𝐼₁ ≥ 𝐼₂ ≥ 𝐼₃ ≥) the rotational motion is governed by Euler's equations with external gravitational torques : 
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where Ω𝑖 are the components of the angular velocity vector, and α, β, γ are the direction cosines of the Earth-planet distance vector expressed via Euler angles {ψ, θ, ϕ} :
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Inelastic tidal dissipation within a non-rigid asteroid eventually minimizes its kinetic energy, forcing the body to transition from a complex tumbling state (nutation) to stable rotation about its axis of maximal inertia (𝐼₁) such that Ω₂, Ω₃ → 0. Following a high-velocity projectile impact of mass M into an asteroid of mass M subscript capital A with surface density ρ, the linear increase in the spin rate about the principal axis is modeled as :[image: ]
where C₀ is a constant with dimensions of velocity and k is a dimensionless scaling factor.

2) Why this feat is so Impressive? 

· Within the narrative canon, Sherlock Holmes explicitly states that The Dynamics of an Asteroid is a work of such esoteric complexity that "there was no man in the scientific press capable of criticizing it". 

· Modern celestial mechanics rely heavily on numerical simulations and supercomputers. Moriarty achieved complete mathematical tracking of chaotic systems analytically using pure, pen-and-paper calculations (CPI). Reconstructing the framework requires evaluating the Circular Restricted Three-Body Problem (CR3BP), shifting to a rotating synodic coordinate system, accounting for Coriolis and centrifugal forces, and calculating the Jacobi constant to map reachable vs. unreachable regions in phase space. It also incorporates non-linear spin states using Euler’s rotational equations with external gravitational torques following a high-velocity projectile impact. 

· Moriarty didn’t rely on observational astronomy or telescopes; his work was a victory of pure, abstract mathematics. Physicist Alejandro Jenkins points out that the singular use of "asteroid" implies a focus on the "dynamics of a particle" (or a material point fully defined by position and velocity vectors). He treated the physical mechanics as an idealized mathematical landscape. This heavily scale-boosts his Abstract Reasoning, Logic, and Perceptual Reasoning Index (PRI). It demonstrates an elite ability to construct comprehensive, flawless theoretical systems entirely from foundational logic axioms (deriving everything from Newton's inverse-square law up to the Lagrange planetary equations).  
 

3) Categorization & Scaling : Fluid intelligence comprises reasoning in novel environments, spotting patterns, and constructing formal structures without pre-requisite experience of the field. The analysis of celestial mechanics by Moriarty, done years before computer simulations, indicates his exceptional proficiency in:

· Pattern recognition in chaotic dynamics, enabling him to recognize invariants within the three-body problem.
· Simulating in real time multi-body orbital systems, something way above the capability of 19th century mathematicians.
· Construction of novel mathematics, converting the principles of gravity under Newton to higher order perturbation operators.

From Holmes’s claim that no one among the critics of scientific publications could even assess Moriarty’s work, it is clear that Moriarty wasn’t just solving any problems; he was changing the language of mathematical physics of his era.

Crystallized intelligence involves acquired procedural and declarative knowledge. Moriarty’s mastery of pure mathematics, including Lagrangian planetary motion to Eulerian rigid body rotations, entails:

· The integration of skills involving mechanics, differential geometry, perturbation theory, celestial mechanics, and dynamics.
· A memory capability which helps Moriarty bring together different areas of mathematics into one coherent narrative.
· Interdisciplinary language skills that he needs to move from idealization in mechanics to nonlinear spinning and tidal decay in physics.

There is simultaneous dominance of cognitive faculties in the two logical forms in the case of Moriarty:

1) In the deductive form, his deductions are based on consequences that can be derived from Newton’s inverse square law and the Hamiltonian system.
2) The induction form involves discovering patterns in the perturbations of the orbits and then formulating universal mathematical rules.

The process followed by Moriarty resembles that of Holmes—except that Moriarty applied it to the universe rather than humans.

According to today’s psychometric standards, Moriarty will be placed at the upper extreme of the PRI (Perceptual Reasoning Index) spectrum:

· Ability to visualize the geometry of multidimensional manifolds, such as those of zero-velocity and Hill regions defined by the Jacobi constant.
· The symbolic compression of complex orbital geometries into analytical descriptions. Mental rotation in an astrophysical context, relevant to Euler rigid body dynamics.

Jenkins’ claim that “the title ‘asteroid’ suggests that we’re dealing with a perfectly abstract particle” supports the idea of Moriarty’s extraordinary PRI ability, because he sees physical bodies as mathematical incarnations of dynamical principles.

Foresight is a mental skill built on predictive simulation over extended time frames. The foresight capabilities of Moriarty in:

· Modeling chaotic orbits,
· The post-collision evolution of spins,
· Stability regions of three-body systems

Exhibit the predictive skills of a highly advanced order that goes beyond human capability. From a mental standpoint, the foresight capability of Moriarty implies an ability of:

· Accurate time projection,
· Strong probability reasoning, and
· Deterministic structuring.

In the Holmes stories, the foresight capability applies not only to mathematics but to crime planning as well because both involve the need for predicting future outcomes of any dynamic system.

(Fluid Intelligence, Crystalized Intelligence, All FSIQ, All Cognition, All Foresight, Sensory, Deductive Reasoning, Inductive Reasoning, Abstract Reasoning, All Thinking)
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