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Abstract

This paper introduces the concept of Derived Hamiltonians R™ H, expanding classical Hamiltonian
mechanics to include higher-order quantum corrections, spacetime curvature effects, and multi-scale
interactions. Leveraging techniques from homological algebra, category theory, and perturbative
expansions, the derived Hamiltonian formalism provides a novel framework for modeling complex
physical and biological systems. Applications include quantum fields in curved spacetime, black
hole thermodynamics, protein folding, and molecular dynamics. We propose a computational im-
plementation of the derived Hamiltonian as part of an extensible API (QuantumFlow) for real-time
simulation, bridging quantum physics, general relativity, and biophysics.
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1 Introduction

Hamiltonian mechanics serves as the cornerstone for modeling physical systems, ranging from classical
dynamics to quantum mechanics. However, classical Hamiltonians H (g, p) fail to encapsulate quantum
gravitational effects, multi-scale phenomena, and molecular dynamics. This paper explores the general-
ization of Hamiltonians through derived functors, producing higher-order corrections expressed as:

RnH(Q7p7 g) = HO(Qap) + Z thk(qvpa g)
k=1

where Hj represents perturbative corrections in curved spacetime or molecular potentials.

2 Mathematical Foundation of Derived Hamiltonians

Classical Hamiltonians are defined by:

p2

Hy(q,p) = om T V(q)

The derived Hamiltonian expands on this classical form by adding higher-order corrections:
R"H(q,p) = Ho(q,p) + hH1(q) + h*Hs(q) + - - - + h"H,(q)

where Hq, Ho, ... are higher-order curvature or quantum contributions.

3 Derived Functors and Category-Theoretic Hamiltonians

Using category theory and homological algebra, the Hamiltonian is reframed as a functor mapping states
to energy values. Higher-order Hamiltonians emerge as derived functors R™H, enabling corrections that
account for curvature and quantum effects.



4 Applications in Physics and Spacetime Dynamics
4.1 Quantum Fields in Curved Spacetime
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Quantum fluctuations in curved spacetime are modeled using higher-order Hamiltonians, capturing vac-
uum energy and black hole radiation dynamics.

4.2 Black Hole Thermodynamics

Derived Hamiltonians can model Hawking radiation and black hole entropy corrections by treating event
horizons as dynamic manifolds.
5 Applications in Biophysics and Molecular Dynamics

The derived Hamiltonian formalism applies to molecular systems, introducing corrections to potential
energy landscapes (PEL) and free energy calculations.
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This expansion improves accuracy in protein-ligand binding, drug discovery, and enzymatic interactions.

6 Quantum Circuits and Lattice QCD Simulations

6.1 Quantum Circuits

Derived Hamiltonians can simulate quantum circuits through tensor networks, capturing qubit interac-

tions:
§ T _z
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6.2 Lattice QCD Simulations

Lattice QCD Hamiltonians evolve gluon fields on discrete lattices:
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7 Software Framework and API Design (QuantumFlow)

QuantumFlow is a modular API designed to compute derived Hamiltonians and simulate their evolution.
Implemented in Python/Julia, the API handles:

e Tensor-based Hamiltonian evolution.

e Quantum fields in curved spacetime.

e Biophysical simulations for molecular dynamics.
e Quantum circuit simulations (Qiskit integration).

Example Code:
from QuantumFlow import DerivedHamiltonian
q=1
=0
g =1

kel



RnH = DerivedHamiltonian(q, p, g, order=4)
result = RnH.simulate (steps=>500)
print (result)

8 Patentability and Commercialization Strategy

The derived Hamiltonian computational framework represents novel IP applicable to:
e Quantum computing (QFT simulations)
e Drug discovery (protein folding)

e Astrophysics (black hole thermodynamics)

9 Conclusion and Future Directions

The derived Hamiltonian formalism extends classical mechanics to capture higher-order quantum and
curvature effects, unifying quantum mechanics, general relativity, and molecular simulations. Future
work includes developing GPU-accelerated simulators, real-time phase space visualization, and integrat-
ing derived Hamiltonians into quantum computing architectures.
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