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EXECUTIVE SUMMARY

This validation report presents a thorough assessment of the detection system owned by Base
Molecular Resonance™ Technologies, as outlined in US Patent No. 11,493,494 B2. The system
utilises electromagnetic radiation and resonance frequencies to detect a wide range of
substances, including explosives, narcotics, cancerous tissues, and nuclear materials. While
BMRT claims to detect every element on the periodic table and up to 200 types of cancers
and other diseases, this validation aims to evaluate the system's sensitivity, specificity, and
reliability across various applications, ensuring its efficacy in real-world scenarios.

PURPOSE

The primary objective of this validation report is to rigorously evaluate the performance of
the detection system in identifying specific substances under controlled conditions, including
blind and double blind. The evaluations are categorised into four main areas:

1. Gunpowder Detection
2. Drug Detection
3. Cancer Detection

4. Nuclear Materials Detection

METHODOLOGY

Each evaluation involved a series of controlled tests designed to replicate realistic conditions
and measure the system's detection capabilities. Baseline measurements were established
using control tests, and statistical analyses were employed to validate the results. The
methodologies ensured that the findings were robust and reliable, providing a comprehensive
assessment of the system's performance.
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KEY FINDINGS

1. Gunpowder Detection:

e The system consistently detected single and multiple rounds of ammunition, including
various calibres and manufacturers. Detection was 100% with no false positives or
false negatives.

e |t demonstrated effective detection through barriers, such as walls, entire buildings,
and in moving vehicles, maintaining high sensitivity and reliability, both up close and
at great distances.

e Statistical analyses, including the Mann-Whitney U and Kruskal-Wallis H tests,
confirmed significant differences in detection capability, validating the system's
robustness.

2. Drug Detection:

e The system exhibited high specificity in detecting cocaine, heroin, and
methamphetamine, with no false positives or false negatives recorded.

e |t maintained consistent detection performance across different drug samples,
confirming its precision. The system detected at 100% accuracy.

e The Mann-Whitney U test results supported the significant detection differences,
reinforcing the system's efficacy.

3. Cancer Detection:

e The system accurately identified malignant breast and prostate cancer tissues,
distinguishing them from control and non-cancerous tissues both in blind and double-
blind tests.

e Fisher's Exact Test indicated significant differences in detection rates, validating the
system's potential in medical diagnostics.

e No false positives or false negatives were observed, highlighting the system's
reliability in detecting cancerous tissues.
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4. Nuclear Materials Detection:

e The system demonstrated a high degree of accuracy in

e This confirms the system's capability to accurately identify
making it a valuable tool for national security and environmental

monitoring applications.

PRACTICAL IMPLICATIONS

The detection system's versatility and high performance make it suitable for a wide range of
applications, including:

e Military, Security and Law Enforcement: Enhanced detection of explosives and
narcotics for counterterrorism and border security. Plus, public venues including
sports stadiums, concert arenas, amusement parks, transportation hubs, corporate
campuses, educational institutions, government buildings, military bases, critical
infrastructure facilities, as well as the protection of executive and government
dignitaries.

e Medical Diagnostics: Potential for non-invasive early cancer detection, significantly
improving patient outcomes.

e Nuclear Security: Reliable detection _ to ensure safety in

sensitive environments, as well as detection of potential national security threats
involving WMDs and other related materials/devices.

The comprehensive evaluations conducted in this validation report confirm the advanced
detection system's high sensitivity, specificity, and reliability in identifying a wide range of
substances. The system's advanced technology, leveraging unique atomic structures and
resonant frequencies, represents a significant advancement in detection capabilities. Its
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versatility and practical utility across various fields, including security, military, law
enforcement, medical diagnostics, and environmental monitoring, make it an invaluable tool.

INTRODUCTION

This validation report outlines the comprehensive evaluation of a novel detection system as
described in US Patent No. 11,493,494 B2, titled "Detection System,” owned by Base
Molecular Resonance™ Technologies. This advanced detection system employs innovative
methods to identify a wide array of substances, including drugs, explosives, nuclear materials,
and biological threats such as cancer. The system leverages the unique atomic structures and
resonant frequencies of target materials, utilising electromagnetic radiation and resonance
frequencies to detect and locate specific substances with high accuracy both up close and
over considerable distances.

Traditional detection technologies encompass a broad range of methods, each with distinct
applications and inherent limitations. Metal detectors, radiation detectors, chemical sensors,
and chromatographs are standard tools employed in security and forensic science. These
methods typically detect substances based on their physical or chemical properties. However,
they often face constraints regarding detection range, sensitivity, and their ability to identify
non-metallic or non-radiative substances. For example, metal detectors rely on the magnetic
properties of metals, and radiation detectors are specific to radioactive emissions. These
conventional methods may not effectively detect non-metallic threats or substances in
minute quantities, limiting their utility in comprehensive security and forensic applications.

OVERVIEW OF THE DETECTION SYSTEM

The detection system described in the patent circumvents many limitations of traditional
methods by utilising a fundamental approach based on the atomic structure of materials. This
system can detect substances at variable distances, depending on the mass and atomic
composition of the target. It can identify a wide range of materials, including hydrochloric
acid, formaldehyde, lead, cobalt, gunpowder, and various other explosives and compounds,
as well as biological materials. This innovative detection capability offers a significant
advancement in detection technology.
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TECHNICAL SPECIFICATIONS AND OPERATION

The detection system is composed of several key components integrated into a portable

support frame, designed for ease of use in various environments. The main components

include:

Transmitter Circuit: The transmitter is capable of tuning to various frequencies within
the ultra-low and extreme low frequency ranges, enabling it to resonate with specific
materials. The transmitter circuit includes a 555-timer used as a tuneable oscillator,
an NPN transistor for amplification, and a transformer to step up the voltage.

Receiver Circuit: The receiver is designed to detect the electromagnetic response from
the target material. It includes an NPN transistor used as a common emitter, a PNP
Darlington transistor for switching amplification, and a 555-timer used as a voltage-
controlled oscillator. The receiver processes the signal to determine the presence and
location of the target.

Support Frame and Antennas: The transmitter and receiver antennas are housed
within a support frame, which may be constructed from PVC or similar materials. The
directional shield partially surrounds the antennas, enhancing the directionality of the
detection system. The system can be capped with copper for improved conductivity
and signal clarity.

DETECTION MECHANISM

The detection mechanism is grounded in the resonance frequencies of elements and

compounds, determined by their atomic structure. The system transmits a frequency that

matches the resonance frequency of a target substance, inducing a resonant response in the

material. This response is then detected by the receiver, which processes the signal to indicate

the presence and location of the target. This method allows for the detection of a wide array

of substances, providing a robust tool for security and forensic applications.
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INTRODUCTION TO MOLECULAR RESONANCE AND RELEVANT ASSOCIATED THEORIES AND
APPLICATIONS

The concept of molecular resonance is commonly applied in physical and natural sciences as
nuclear magnetic resonance (NMR) and its associated techniques. This section provides and
overview of the history and theory of NMR as well as a background in the relevance of
guantum science and the associated technique, electron spin resonance (ESR).

THE EVOLUTION AND THEORY OF QUANTUM SCIENCE: A COMPREHENSIVE OVERVIEW

INTRODUCTION

Quantum science, encompassing quantum mechanics and quantum field theory, is a
foundational pillar of modern physics, revolutionising our understanding of the microscopic
world. Emerging at the turn of the 20th century, it provided solutions to phenomena that
classical physics could not explain. This narrative traces the historical milestones and
theoretical developments of quantum science, highlighting key experiments, ground-
breaking theories, and the profound implications for technology and philosophy.

CLASSICAL PHYSICS AND THE NEED FOR QUANTUM THEORY

Classical physics, dominated by Newtonian mechanics and Maxwell's electromagnetism,
offered a robust framework for understanding macroscopic phenomena. However, towards
the late 19th century, it became apparent that classical theories could not explain certain
observations at the atomic and subatomic levels.

One significant issue was black-body radiation. Classical physics predicted the "ultraviolet
catastrophe," where the energy radiated by a black body at high frequencies would be
infinite. Experimental results contradicted this, necessitating a new approach.
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MAX PLANCK AND THE QUANTUM HYPOTHESIS

In 1900, Max Planck proposed a radical solution by introducing the idea of quantised energy
levels. Planck suggested that electromagnetic energy could be emitted or absorbed only in
discrete units called "quanta." His formula, E = hv, where E is energy, h is Planck's constant,
and v is frequency, resolved the ultraviolet catastrophe and laid the groundwork for quantum
theory.

Planck's hypothesis was initially met with scepticism, but its success in explaining black-body
radiation eventually gained acceptance, marking the birth of quantum mechanics.

EINSTEIN AND THE PHOTOELECTRIC EFFECT

Albert Einstein's work on the photoelectric effect in 1905 further cemented the need for
quantum theory. Classical wave theory of light could not explain why light below a certain
frequency, regardless of its intensity, failed to eject electrons from a metal surface. Einstein
proposed that light consists of discrete packets of energy, called photons. The energy of each
photon is proportional to its frequency (E = hv).

Einstein's explanation not only supported the quantisation idea but also introduced the
concept of wave-particle duality, where light exhibits both wave-like and particle-like
properties. This duality would become a cornerstone of quantum mechanics.

EARLY QUANTUM MODELS OF THE ATOM

The next major step was understanding atomic structure. J.J. Thomson's discovery of the
electron in 1897 led to the "plum pudding" model, where electrons were embedded in a
positively charged sphere. However, Rutherford's gold foil experiment in 1911 revealed a
dense, positively charged nucleus, surrounded by electrons in orbit, akin to a miniature solar
system.
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Niels Bohr refined this model in 1913 by introducing quantised orbits for electrons. Bohr's
model explained the spectral lines of hydrogen by suggesting that electrons could only occupy
certain discrete orbits and that light was emitted or absorbed when electrons transitioned
between these orbits.

DEVELOPMENT OF QUANTUM MECHANICS

The 1920s saw the formal development of quantum mechanics, driven by contributions from
many physicists. Louis de Broglie proposed that particles, like electrons, also exhibit wave-like
properties, characterised by a wavelength A = h/p, where p is momentum. This idea of wave-
particle duality for matter was experimentally confirmed by electron diffraction experiments.

Werner Heisenberg introduced matrix mechanics in 1925, focusing on observable quantities
and their matrix representations. Around the same time, Erwin Schrédinger developed wave
mechanics, formulating the famous Schrodinger equation, which describes how the quantum
state of a physical system changes over time.

The two approaches were soon shown to be equivalent, leading to a unified framework of
qguantum mechanics. Heisenberg also formulated the uncertainty principle, stating that
certain pairs of physical properties, like position and momentum, cannot be simultaneously
measured with arbitrary precision (AxAp = h/2).

COPENHAGEN INTERPRETATION AND QUANTUM MEASUREMENT

The Copenhagen interpretation, primarily developed by Niels Bohr and Werner Heisenberg,
became the dominant interpretation of quantum mechanics. It posits that the wave function,
which encodes the probabilities of all possible outcomes, collapses to a definite state upon
measurement. This interpretation emphasises the probabilistic nature of quantum mechanics
and the fundamental role of the observer.
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The measurement problem and wave function collapse remain topics of debate and
exploration. Alternatives like the many-worlds interpretation and pilot-wave theory propose
different mechanisms for resolving these issues, but no consensus has been reached.

QUANTUM ELECTRODYNAMICS AND QUANTUM FIELD THEORY

Quantum electrodynamics (QED) is the quantum theory of electromagnetic interactions,
developed by Richard Feynman, Julian Schwinger, and Sin-Itiro Tomonaga in the 1940s. QED
describes how light, and matter interact through the exchange of photons, using the
framework of quantum field theory (QFT).

QFT extends quantum mechanics to fields, treating particles as excitations in underlying
fields. It incorporates special relativity and allows for the creation and annihilation of
particles, explaining phenomena like antimatter. Renormalisation techniques developed in
QED resolved infinities that appeared in calculations, leading to extremely precise
predictions, such as the magnetic moment of the electron.

KEY EXPERIMENTS AND TECHNOLOGICAL INNOVATIONS

Several pivotal experiments have shaped our understanding of quantum mechanics. The
double-slit experiment, first performed with light and later with electrons, vividly
demonstrates wave-particle duality and the fundamental probabilistic nature of quantum
mechanics.

The Stern-Gerlach experiment provided direct evidence of quantum spin and the quantisation
of angular momentum. Bell's inequality and subsequent experiments by Alain Aspect and
others tested the concept of local realism, confirming the non-local correlations predicted by
guantum entanglement.

Quantum technologies have transformed various fields. Semiconductors and transistors, the
building blocks of modern electronics, rely on quantum mechanics. Medical imaging
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techniques like MRI use principles of nuclear magnetic resonance. Atomic clocks, based on
hyperfine transitions in atoms, are crucial for GPS technology.

QUANTUM COMPUTING AND INFORMATION

Quantum computing harnesses quantum mechanics to perform computations in
fundamentally new ways. Qubits, the basic units of quantum information, can exist in
superpositions of states, allowing quantum computers to process vast amounts of
information in parallel.

Quantum algorithms, such as Shor's algorithm for factoring large numbers and Grover's
algorithm for searching unsorted databases, promise exponential speedups over classical
algorithms. Quantum error correction and fault-tolerant architectures are active areas of
research, aiming to build practical, scalable quantum computers.

Quantum information theory also includes quantum cryptography, which offers theoretically
secure communication methods based on quantum principles. Quantum key distribution
(QKD) protocols like BB84 use entanglement and the no-cloning theorem to ensure secure
information transfer.

QUANTUM MATERIALS AND CONDENSED MATTER PHYSICS

Quantum mechanics plays a crucial role in understanding and developing new materials with
exotic properties. Superconductivity, the phenomenon where materials conduct electricity
without resistance below a certain temperature, was explained by the BCS theory, which
describes the formation of Cooper pairs of electrons.

The quantum Hall effect, observed in two-dimensional electron systems subjected to strong
magnetic fields, revealed quantised conductance and led to the discovery of topological
phases of matter. Topological insulators, materials with conducting surfaces and insulating
interiors, have potential applications in spintronics and quantum computing.
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Nanotechnology and quantum dots exploit quantum confinement effects to create materials
with tuneable electronic and optical properties. These advancements are driving innovations
in electronics, photonics, and energy technologies.

PHILOSOPHICAL IMPLICATIONS AND INTERPRETATIONS

Quantum mechanics has profound philosophical implications, challenging classical notions of
determinism, reality, and locality. The Copenhagen interpretation's emphasis on probabilistic
outcomes and the role of the observer raises questions about the nature of reality and the
limits of human knowledge.

The many-worlds interpretation, proposed by Hugh Everett, suggests that all possible
outcomes of a quantum measurement actually occur in parallel, branching universes. This
view eliminates the need for wave function collapse but introduces its own philosophical
challenges.

Pilot-wave theory, initially developed by Louis de Broglie and later refined by David Bohm,
offers a deterministic interpretation where particles follow definite trajectories guided by a
"pilot wave." While consistent with all experimental results, it requires non-local hidden
variables, conflicting with the principle of locality.

Quantum mechanics also intersects with questions about consciousness and free will. Some
theories, like the Penrose-Hameroff Orch-OR theory, suggest that quantum processes in the
brain play a role in consciousness, though these ideas remain speculative and controversial.

CONTEMPORARY QUANTUM PHYSICS AND FUTURE DIRECTIONS

The development of quantum mechanics has led to numerous technological advancements
and continues to inspire new research. Contemporary quantum physics explores areas like
guantum computing, quantum communication, and quantum simulation, with potential
applications in cryptography, materials science, and beyond.
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Quantum computing is advancing rapidly, with companies like IBM, Google, and Microsoft
developing quantum processors and algorithms. Quantum supremacy, achieved by Google in
2019, demonstrated that a quantum computer could solve a problem faster than the best
classical supercomputers.

Quantum communication networks, leveraging entanglement and QKD, aim to create secure,
global communication channels. Quantum simulators, designed to model complex quantum
systems, could provide insights into high-temperature superconductivity, quantum
chemistry, and fundamental physics.

CHALLENGES AND ETHICAL CONSIDERATIONS

As quantum technologies mature, they pose new challenges and ethical considerations.
Quantum computing threatens current cryptographic methods, necessitating the
development of quantum-resistant algorithms. The power of quantum technology requires
careful management to ensure it benefits society and does not exacerbate inequalities.

Environmental impacts of building and operating quantum hardware, along with the societal
implications of potential applications, must be addressed. As with any powerful technology,
balancing innovation with ethical considerations will be crucial.

THE HISTORY AND THEORY OF ELECTRON SPIN RESONANCE (ESR) AND ITS APPLICATIONS

INTRODUCTION

Electron Spin Resonance (ESR), also known as Electron Paramagnetic Resonance (EPR), is a
powerful spectroscopic technique used to study materials with unpaired electrons. This
method provides detailed information about the electronic structure, dynamics, and
interactions of paramagnetic species. Since its discovery, ESR has evolved significantly and
has found applications across various fields including chemistry, physics, biology, and
materials science.
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HISTORICAL DEVELOPMENT

The roots of ESR date back to the early 20th century when the fundamental concepts of
guantum mechanics and magnetic resonance were being established.

EARLY THEORETICAL FOUNDATIONS

Quantum Mechanics and Spin: In 1925, George Uhlenbeck and Samuel Goudsmit introduced
the concept of electron spin, a fundamental property of electrons that contributes to their
magnetic moment. This was a pivotal step in understanding the magnetic properties of
electrons and laid the groundwork for the development of ESR.

Zeeman Effect: The splitting of spectral lines in a magnetic field, known as the Zeeman effect,
observed by Pieter Zeeman in 1896, hinted at the interaction between magnetic fields and
atomic particles, further underpinning the future development of ESR.

DISCOVERY AND EARLY EXPERIMENTS

ESR Discovery: The discovery of ESR is credited to Yevgeny Zavoisky, a Soviet physicist, who
in 1944 observed the resonance absorption of microwaves by paramagnetic salts. Zavoisky's
experiments demonstrated that paramagnetic substances could absorb microwave radiation
in the presence of an external magnetic field, a phenomenon he initially reported as
"paramagnetic relaxation."

Post-War Developments: After World War I, significant advancements in microwave
technology, initially developed for radar systems, facilitated the growth of ESR as a scientific
technique. Researchers in both the United States and Europe replicated and extended
Zavoisky's work, refining the experimental setups and theoretical models.
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ADVANCEMENTS IN THE 1950S AND 1960S

Instrumentation: The 1950s saw the commercialisation of ESR spectrometers, making the
technology more accessible to researchers. Improvements in magnet design, microwave
sources, and detection systems enhanced the sensitivity and resolution of ESR
measurements.

Theoretical Contributions: Theoretical advancements by scientists such as Norman Ramsey
and John A. Pople provided deeper insights into the interactions between magnetic fields and
electron spins. Pople's work on the spin Hamiltonian formalism allowed for more precise
interpretation of ESR spectra.

MODERN ESR TECHNIQUES

Continuous Wave (CW) ESR: Traditional ESR measurements were performed in continuous
wave mode, where the sample is subjected to a constant magnetic field while the microwave
frequency is swept. This technique remains widely used for its simplicity and effectiveness in
analysing static systems.

Pulsed ESR: The development of pulsed ESR techniques in the 1970s and 1980s revolutionised
the field by enabling time-domain studies of electron spin dynamics. Techniques such as
Electron Spin Echo (ESE) and Electron Spin Echo Envelope Modulation (ESEEM) allow
researchers to probe relaxation times and electron-nuclear interactions with high precision.

THEORY OF ESR

The theoretical foundation of ESR lies in the principles of quantum mechanics and magnetic
resonance.
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BASIC PRINCIPLES

e Electron Spin and Magnetic Moment: An electron possesses an intrinsic angular
momentum known as spin, associated with a magnetic moment. The magnetic
moment u is given by:

u=—geuBS
where ge is the electron g-factor, ug is the Bohr magneton, and S is the electron spin operator.

e Zeeman Effect: When placed in an external magnetic field Bo, the electron spin states
split into distinct energy levels due to the Zeeman effect. The energy difference
between these levels is given by:

AE=geuBB0
e Resonance Condition: ESR occurs when the energy of the applied microwave radiation

matches the energy difference between the split spin states. The resonance condition
is:

hv=geuBB0

where h is Planck's constant and v is the microwave frequency.

SPIN HAMILTONIAN AND INTERACTIONS

The spin Hamiltonian formalism is used to describe the various interactions affecting electron
spins in a sample.

e Zeeman Interaction: The interaction of electron spins with the external magnetic field
is represented by the Zeeman term:

HZeeman=uBB0-g-S
where gg is the g-tensor that accounts for anisotropy in the g-factor.

e Hyperfine Interaction: The interaction between electron spins and nearby nuclear
spins is described by the hyperfine term:

Hhyperfine=S-4-1

where A is the hyperfine coupling tensor, and / is the nuclear spin operator.
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e Zero-Field Splitting: For systems with more than one unpaired electron, such as
transition metal ions and triplet states, the zero-field splitting term accounts for the
interaction between electron spins:

HZFS=S-D-S

where D is the zero-field splitting tensor.

e Other Interactions: Additional terms may include dipolar interactions between
electron spins and interactions with electric field gradients (quadrupolar interactions).

ESR SPECTRA AND LINE SHAPES

The ESR spectrum provides information about the magnetic environment of unpaired
electrons.

g-Value Anisotropy: Variations in the g-value with the orientation of the magnetic field
indicate anisotropic environments, providing insights into the electronic structure and
symmetry of the paramagnetic centre.

Hyperfine Splitting: Interactions with nuclear spins produce hyperfine splitting, where the
ESR signal is split into multiple lines. The number and intensity of these lines reveal the
number and type of nuclei interacting with the electron spin.

Line Width and Shape: The line width and shape of ESR signals are influenced by spin
relaxation processes, molecular motions, and interactions with neighbouring spins. Analysis
of line shapes can provide information about dynamic processes and the local environment
of the paramagnetic species.

APPLICATIONS OF ESR

ESR has a wide range of applications across various scientific disciplines.
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CHEMISTRY

Characterisation of Radicals: ESR is extensively used to identify and characterise free radicals
in chemical reactions. By analysing the hyperfine structure and g-values, researchers can
determine the nature and reactivity of radicals in solution and solid-state.

Transition Metal Complexes: ESR provides detailed information about the electronic
structure and bonding in transition metal complexes. By examining the zero-field splitting and
g-value anisotropy, researchers can infer the geometry and ligand field around the metal
centre.

Reaction Mechanisms: ESR is employed to study reaction intermediates and mechanisms.
Spin trapping techniques allow the detection and identification of short-lived radical species,
providing insights into reaction pathways.

BIOLOGY

Protein Structure and Dynamics: ESR is used to study the structure and dynamics of proteins,
particularly those containing paramagnetic metal centres or spin-labelled amino acids. Site-
directed spin labelling (SDSL) enables the investigation of conformational changes and
protein-protein interactions.

Photosynthesis: ESR has been instrumental in understanding the mechanisms of
photosynthesis, particularly the role of paramagnetic species such as chlorophyll radicals and
guinones in electron transfer processes.

Oxidative Stress: ESR is used to measure oxidative stress by detecting reactive oxygen species
(ROS) and free radicals in biological systems. This application is crucial for studying diseases
related to oxidative damage.
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MATERIALS SCIENCE

Defects and Impurities: ESR is employed to investigate defects and impurities in
semiconductors, insulators, and other materials. By analysing the ESR spectra, researchers
can identify the nature and concentration of paramagnetic defects, providing insights into
material properties and performance.

Nanomaterials: ESR is used to study the electronic properties of nanomaterials, such as
guantum dots and carbon nanotubes. The technique provides information about surface
states, doping effects, and interactions with the environment.

Catalysis: ESR is used to investigate the active sites and mechanisms of heterogeneous
catalysts. By characterising the paramagnetic species involved in catalytic processes,
researchers can design more efficient and selective catalysts.

PHYSICS

Magnetic Resonance Studies: ESR complements other magnetic resonance techniques, such
as Nuclear Magnetic Resonance (NMR) and Muon Spin Rotation (uSR), providing a
comprehensive understanding of magnetic properties in various systems.

Quantum Computing: ESR techniques are employed in the development of quantum
computing systems. Electron spins in certain materials, such as nitrogen-vacancy (NV) centres
in diamond, serve as qubits for quantum information processing.

Fundamental Studies: ESR is used to investigate fundamental physical phenomena, such as
spin relaxation, spin coherence, and electron-nuclear interactions. These studies contribute
to the broader understanding of quantum mechanics and magnetic interactions.
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ENVIRONMENTAL SCIENCE

Pollutant Detection: ESR is used to detect and quantify environmental pollutants, such as
heavy metals and organic radicals. By identifying paramagnetic species in environmental
samples, researchers can monitor pollution levels and assess environmental impact.

Radiation Dosimetry: ESR is employed in radiation dosimetry to measure the dose of ionising
radiation absorbed by materials. This application is crucial for monitoring radiation exposure
in medical, industrial, and environmental settings.

MEDICAL APPLICATIONS

Clinical Diagnostics: ESR is used in clinical diagnostics to detect and quantify paramagnetic
species in biological samples. Applications include the measurement of oxidative stress
markers and the identification of paramagnetic metal ions in tissues.

Imaging: ESR imaging techniques, such as Electron Spin Echo Tomography (ESET), provide
spatially resolved information about paramagnetic species in biological and materials
systems. This application is valuable for studying the distribution and dynamics of radicals and
metal ions.

Therapeutics: ESR is used to evaluate the efficacy of antioxidant therapies by measuring
changes in radical concentrations in biological systems. This application is important for
developing treatments for diseases associated with oxidative stress.

FOOD SCIENCE

Quality Control: ESR is used to assess the quality and shelf-life of food products by detecting
radicals and oxidation products. This application helps ensure food safety and quality.
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Nutrient Analysis: ESR is employed to study the nutritional content of food products,
particularly the presence of paramagnetic metal ions and radical species. This information is
valuable for optimising food formulations and processing methods.

RECENT ADVANCES AND FUTURE DIRECTIONS

ESR continues to evolve with advancements in technology and methodology, expanding its
applications and capabilities.

HIGH-FREQUENCY ESR

High-Field ESR: The development of high-field ESR spectrometers, operating at magnetic
fields and frequencies much higher than conventional ESR, provides improved resolution and
sensitivity. This advancement enables the study of systems with very high spin densities and
subtle electronic interactions.

Terahertz ESR: Terahertz ESR techniques extend the frequency range of ESR measurements,
allowing the investigation of low-energy spin transitions and dynamic processes. This
approach opens new possibilities for studying complex systems and materials.

TIME-RESOLVED ESR

Ultrafast ESR: Ultrafast ESR techniques, employing femtosecond and picosecond pulses,
allow the investigation of fast spin dynamics and relaxation processes. This capability is crucial
for studying transient species and rapid chemical reactions.

In Situ ESR: In situ ESR techniques enable the study of dynamic processes in real-time, under
actual experimental conditions. This approach is valuable for studying catalysis,
electrochemical processes, and biological systems.
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MULTI-FREQUENCY AND MULTI-MODAL ESR

Multi-Frequency ESR: Multi-frequency ESR techniques, combining measurements at different
frequencies, provide complementary information about spin systems. This approach
enhances the characterisation of complex systems and the identification of subtle
interactions.

Multi-Modal ESR: Combining ESR with other spectroscopic and imaging techniques, such as
NMR, MRI, and X-ray spectroscopy, provides a more comprehensive understanding of
materials and biological systems. Multi-modal approaches enable the correlation of different
types of data, enhancing the interpretation of results.

QUANTUM ESR

Quantum Sensing: Advances in quantum sensing techniques, using ESR-active centres such
as NV centres in diamond, offer unprecedented sensitivity and spatial resolution. Quantum
sensors are being developed for applications in materials science, biology, and fundamental
physics.

Quantum Computing: ESR-based qubits are being explored for quantum computing
applications. Techniques for controlling and reading out spin states with high fidelity are
crucial for the development of scalable quantum computing systems.

BIOLOGICAL AND MEDICAL APPLICATIONS

Spin Labelling and Imaging: Advances in spin labelling techniques and ESR imaging are
expanding the applications of ESR in structural biology and medical diagnostics. Site-specific
labelling and high-resolution imaging enable detailed studies of biological macromolecules
and tissues.
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Theragnostic: ESR is being explored for theragnostic applications, combining diagnostic and
therapeutic capabilities. ESR-based probes and agents can provide real-time monitoring of
therapeutic effects and disease progression.

ENVIRONMENTAL AND INDUSTRIAL APPLICATIONS

Green Chemistry: ESR is being used to develop and optimise green chemistry processes,
focusing on sustainable and environmentally friendly chemical reactions. By studying radical
intermediates and catalytic mechanisms, researchers can design more efficient and selective
reactions.

Advanced Materials: ESR is playing a key role in the development of advanced materials, such
as superconductors, batteries, and renewable energy technologies. By understanding the
electronic and magnetic properties of these materials, researchers can improve their
performance and durability.

A HISTORICAL OVERVIEW OF NUCLEAR MAGNETIC RESONANCE (NMR)

Nuclear Magnetic Resonance (NMR) spectroscopy is a sophisticated and invaluable analytical
technique used across various scientific disciplines, from chemistry and physics to biology and
medicine. Its development is a testament to the ingenuity and collaborative efforts of
numerous scientists over several decades. This summary explores the key historical
milestones in the evolution of NMR, highlighting significant contributions, technological
advancements, and its transformative impact on science.

EARLY FOUNDATIONS AND THEORETICAL GROUNDWORK

QUANTUM MECHANICS AND MAGNETIC RESONANCE
The theoretical foundations of NMR are deeply rooted in the development of quantum
mechanics and the understanding of atomic nuclei's magnetic properties. In the early 20th
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century, the pioneering work of physicists such as Wolfgang Pauli and Otto Stern laid the
groundwork for understanding nuclear spin and magnetic moments.

In 1924, Wolfgang Pauli proposed the concept of nuclear spin, introducing the idea that nuclei
possess intrinsic angular momentum. This was a significant departure from earlier models of
atomic structure, which primarily focused on electrons. Pauli's theoretical work suggested
that the nucleus itself could have a quantised spin, leading to the possibility that nuclei could
interact with external magnetic fields.

THE STERN-GERLACH EXPERIMENT

The concept of nuclear spin was experimentally validated through the Stern-Gerlach
experiment, conducted by Otto Stern and Walther Gerlach in 1922. Though this experiment
initially focused on electron spins, it demonstrated the fundamental principle of space
guantisation. By passing a beam of silver atoms through a non-uniform magnetic field, Stern
and Gerlach observed that the beam split into discrete components, corresponding to
different orientations of the magnetic moments of the atoms. This provided direct evidence
for the quantisation of angular momentum, laying the foundation for future studies on
nuclear spin.

ISIDOR ISAAC RABI AND MOLECULAR BEAM RESONANCE

The first theoretical prediction of magnetic resonance phenomena was made by Isidor Isaac
Rabi in the 1930s. Rabi's work at Columbia University focused on the magnetic properties of
nuclei using molecular beams. He developed the theory of molecular beam magnetic
resonance, predicting that atomic nuclei could absorb and emit electromagnetic radiation
when subjected to a magnetic field. This absorption would occur at specific frequencies
corresponding to the energy difference between nuclear spin states.

In 1938, Rabi and his colleagues conducted experiments that confirmed his theoretical
predictions. By passing a beam of lithium chloride molecules through a magnetic field and
subjecting it to a radiofrequency field, they observed resonance absorption of the
radiofrequency energy. This discovery marked the first experimental observation of nuclear
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magnetic resonance. Rabi's contributions were recognised with the Nobel Prize in Physics in
1944, laying the groundwork for the development of NMR spectroscopy.

THE BIRTH OF NMR: EARLY EXPERIMENTAL WORK

BLOCH AND PURCELL: INDEPENDENT DISCOVERIES

The year 1946 marks a pivotal moment in the history of NMR, with two independent and
nearly simultaneous discoveries by Felix Bloch at Stanford University and Edward Mills Purcell
at Harvard University.

Felix Bloch and Colleagues: At Stanford, Felix Bloch, working with William W. Hansen and
Martin Packard, developed the concept of nuclear induction. They demonstrated that when
nuclei in a magnetic field were subjected to an oscillating magnetic field (radiofrequency),
they could absorb energy at a characteristic frequency. This absorption resulted in the
precession of nuclear magnetic moments; a phenomenon Bloch termed "nuclear magnetic
resonance." Their work, published in Physical Review in 1946, showed that NMR could be
used to study the magnetic properties of atomic nuclei in various materials.

Edward Purcell and Colleagues: At Harvard, Edward Purcell, in collaboration with Henry
Torrey and Robert Pound, discovered NMR independently. They utilised a different approach,
employing a magnetic field and a resonant cavity to detect the absorption of radiofrequency
radiation by hydrogen nuclei in paraffin. Their discovery, also published in 1946, highlighted
the potential of NMR for studying molecular structures and dynamics.

Both groups' discoveries were ground-breaking, and in 1952, Bloch and Purcell were jointly
awarded the Nobel Prize in Physics for their fundamental contributions to the development
of NMR. Their work laid the foundation for the rapid development and widespread
application of NMR spectroscopy in the following decades.
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EARLY APPLICATIONS AND INSTRUMENTATION

DEVELOPMENT OF NMR SPECTROMETERS

Following the initial discoveries, the late 1940s and 1950s saw rapid advancements in NMR
technology and its applications. Early NMR spectrometers were developed, allowing scientists
to explore the technique's potential in analysing chemical compounds.

Varian Associates: One of the first companies to commercialise NMR spectrometers was
Varian Associates. Founded by Stanford graduates Russell and Sigurd Varian, the company
played a crucial role in advancing NMR technology. Their early spectrometers, such as the HR-
30 and A-60, became standard tools in chemistry laboratories. The HR-30, introduced in the
early 1950s, was among the first commercial NMR spectrometers, providing researchers with
the ability to study nuclear magnetic resonance phenomena in a wide range of substances.

Integration of Electronic Innovations: The development of these early spectrometers was
facilitated by advances in electronics, particularly in the areas of radiofrequency generation
and detection. The incorporation of vacuum tube technology, which allowed for the
amplification and precise control of radiofrequency signals, was crucial. Additionally, the
development of stable and strong magnetic fields using electromagnets and later
superconducting magnets enabled higher resolution and sensitivity in NMR experiments.

CHEMICAL SHIFT AND SPIN-SPIN COUPLING

The 1950s and 1960s witnessed significant theoretical and experimental advancements in
NMR. The concepts of chemical shift and spin-spin coupling were developed, providing
deeper insights into molecular structures.

Chemical Shift: The chemical shift, a key parameter in NMR, reflects the electronic
environment surrounding a nucleus. It was first observed by Herbert S. Gutowsky and Charles
P. Slichter in 1951. They discovered that the resonance frequency of a nucleus is influenced
by its chemical environment, leading to variations in the NMR signal. This discovery was
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pivotal because it allowed chemists to use NMR to identify different chemical environments
in a molecule, making it possible to deduce the structure of organic compounds.

Spin-Spin Coupling: Spin-spin coupling, or J-coupling, was another crucial discovery. This
phenomenon, observed by Gutowsky, David W. McCall, and Charles P. Slichter in the early
1950s, involves the interaction between magnetic nuclei through chemical bonds. It provides
valuable information about the connectivity and spatial arrangement of atoms in a molecule.
Spin-spin coupling leads to the splitting of NMR signals into multiplets, revealing the number
of adjacent nuclei and their interactions. This information is fundamental for determining the
structure of organic molecules.

TWO-DIMENSIONAL NMR AND FURTHER ADVANCES

DEVELOPMENT OF TWO-DIMENSIONAL NMR

The development of two-dimensional (2D) NMR in the 1970s revolutionised the field. 2D NMR
techniques, such as COSY (Correlation Spectroscopy) and NOESY (Nuclear Overhauser Effect
Spectroscopy), allowed for the correlation of signals from coupled nuclei, providing detailed
information about molecular structures and interactions.

Jean Jeener: The concept of 2D NMR was introduced by Belgian physicist Jean Jeener in 1971.
He proposed using a series of RF pulses to generate 2D spectra, where the interactions
between nuclei could be analysed. Jeener's ideas were later developed and refined by other
researchers, including Richard R. Ernst.

Richard R. Ernst: Richard Ernst, a Swiss physical chemist, made significant contributions to
the development and application of 2D NMR. His work on Fourier transform NMR and the
introduction of multi-dimensional NMR techniques earned him the Nobel Prize in Chemistry
in 1991. Ernst's contributions greatly expanded the capabilities of NMR spectroscopy, making
it an indispensable tool for studying complex molecules. His work allowed for the
development of new NMR pulse sequences and advanced data processing techniques,
enabling more detailed and accurate structural analysis of molecules.
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ADVANCES IN FOURIER TRANSFORM NMR

The introduction of Fourier transform (FT) NMR in the late 1960s by Richard R. Ernst and
Weston Anderson was a major advancement in the field. FT-NMR involves the application of
a short, intense RF pulse that excites all the nuclear spins in the sample simultaneously. The
resulting free induction decay (FID) signal is then mathematically transformed into an NMR
spectrum using Fourier transformation.

Advantages of FT-NMR: FT-NMR offered several advantages over continuous-wave NMR,
including higher sensitivity, faster data acquisition, and the ability to obtain high-resolution
spectra. This development made it possible to study complex molecules with greater accuracy
and efficiency. The use of FT-NMR also facilitated the development of multi-dimensional NMR
techniques, further expanding the capabilities of the technology.

BIOMOLECULAR NMR: 1980S TO PRESENT

PROTEIN AND NUCLEIC ACID STRUCTURE

The application of NMR to the study of biomolecules, such as proteins and nucleic acids,
emerged as a major focus in the 1980s. NMR spectroscopy provided a powerful means of
determining the three-dimensional structures of these complex molecules in solution,
complementing X-ray crystallography.

Kurt Wiithrich: Swiss chemist Kurt Withrich played a pivotal role in developing techniques
for protein NMR. He introduced methods for the sequential assignment of NMR resonances
and the determination of protein structures using distance constraints from NOE (Nuclear
Overhauser Effect) measurements. Wiithrich's contributions to biomolecular NMR earned
him the Nobel Prize in Chemistry in 2002. His work laid the foundation for the routine use of
NMR in studying protein structures and dynamics, significantly advancing our understanding
of biological processes at the molecular level.
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Isotope Labelling: Advances in isotope labelling techniques, such as the incorporation of
13C13Cand 15N15N into proteins and nucleic acids, significantly enhanced the sensitivity and
resolution of NMR experiments. These techniques enabled the study of larger biomolecules
and provided detailed information about their dynamics and interactions. Isotope labelling
allows for selective observation of specific nuclei in a complex biomolecule, facilitating the
assignment of NMR signals and the determination of detailed structures.

SOLID-STATE NMR

Solid-state NMR spectroscopy emerged as a powerful tool for studying non-crystalline and
heterogeneous materials, including proteins, polymers, and inorganic compounds.
Techniques such as magic angle spinning (MAS) and cross-polarisation (CP) allowed for high-
resolution NMR spectra of solids.

Roberto R. Ernst and Alexander Pines: Richard Ernst and Alexander Pines made significant
contributions to solid-state NMR. Ernst's development of Fourier transform techniques and
Pines' work on cross-polarisation and MAS revolutionised the field. Their innovations enabled
the study of complex solid materials with unprecedented detail. Solid-state NMR has been
used to investigate the structure and dynamics of a wide range of materials, from biological
membranes to advanced materials used in technology and industry.

TECHNOLOGICAL ADVANCEMENTS: HIGH-FIELD NMR AND CRYOPROBES

HIGH-FIELD NMR

The development of high-field NMR magnets has been a major technological advancement,
significantly improving the resolution and sensitivity of NMR experiments. High-field
magnets, operating at magnetic fields up to 28 Tesla, have allowed for the detection of subtle
differences in chemical shifts and coupling constants.

Bruker Biospin: Bruker Biospin has been at the forefront of high-field NMR technology. The
company's development of superconducting magnets and high-field NMR spectrometers has
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expanded the capabilities of NMR, enabling the study of complex biomolecules and materials.
High-field NMR has been particularly valuable in studying large proteins and nucleic acids,
where the increased resolution and sensitivity are crucial for obtaining detailed structural
information.

CRYOPROBES

Cryogenically cooled probes, or cryoprobes, have further enhanced NMR sensitivity by
reducing thermal noise in the detection circuitry. Cryoprobes have significantly improved the
signal-to-noise ratio, enabling the detection of low-concentration species and small
molecules in complex mixtures.

James Prestegard: James Prestegard and colleagues developed the first commercial
cryoprobe in the late 1990s. This innovation revolutionised NMR spectroscopy, allowing for
the study of challenging samples and increasing the throughput of NMR experiments.
Cryoprobes have become standard tools in NMR laboratories, enabling high-sensitivity
measurements that were previously not possible.

HYPERPOLARISATION AND METABOLOMICS

HYPERPOLARISATION TECHNIQUES

Hyperpolarisation techniques, such as dynamic nuclear polarisation (DNP) and parahydrogen-
induced polarisation (PHIP), have dramatically increased the sensitivity of NMR by several
orders of magnitude. Hyperpolarisation transfers the high polarisation of electron spins or
hydrogen atoms to nuclear spins, significantly boosting the NMR signal.

Dynamic Nuclear Polarisation (DNP): DNP, developed by Albert Overhauser in the 1950s and
later refined by other researchers, involves transferring polarisation from electron spins to
nuclear spins using microwave irradiation. DNP-enhanced NMR has found applications in
studying biomolecules, materials, and in vivo metabolic processes. The increased sensitivity
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provided by DNP has enabled the study of low-abundance species and transient
intermediates in complex systems.

Parahydrogen-Induced Polarisation (PHIP): PHIP, developed by several researchers in the
1980s, involves the transfer of spin polarisation from parahydrogen (a spin isomer of
hydrogen) to other nuclei via chemical reactions. PHIP has been used to enhance the NMR
signals of a variety of compounds, including pharmaceuticals and metabolic intermediates.
PHIP offers a cost-effective and efficient method for hyperpolarising molecules, making it
accessible for a wide range of applications.

METABOLOMICS

NMR-based metabolomics has emerged as a powerful tool for profiling small-molecule
metabolites in biological samples. This application provides quantitative and qualitative
information on metabolic pathways, biomarker discovery, and disease diagnostics.

Applications in Medicine: NMR metabolomics has been applied to various fields, including
cancer research, cardiovascular disease, and neurology. It enables the identification of
metabolic changes associated with disease states and the monitoring of therapeutic
interventions. The non-destructive nature of NMR allows for the analysis of metabolites in
their native state, providing a comprehensive view of the metabolic profile of a biological
sample.

INTEGRATIVE APPROACHES AND FUTURE DIRECTIONS

INTEGRATIVE ANALYTICAL TECHNIQUES

The integration of NMR with other analytical techniques, such as mass spectrometry (MS) and
X-ray crystallography, offers comprehensive insights into molecular structure and function.
These integrative approaches combine the strengths of each technique, providing a more
detailed and complete understanding of complex systems.
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NMR and Mass Spectrometry: Combining NMR and MS allows for the identification and
quantification of metabolites, lipids, and proteins in complex biological samples. This
integrative approach has been used in systems biology, drug discovery, and clinical
diagnostics. By combining the structural information from NMR with the mass and
fragmentation data from MS, researchers can obtain a more comprehensive understanding
of the molecular composition and dynamics of biological systems.

NMR and X-ray Crystallography: NMR provides complementary information to X-ray
crystallography, especially for studying the dynamics and interactions of biomolecules in
solution. Integrative structural biology approaches use both techniques to obtain high-
resolution structures and dynamic information. This combination has been particularly
valuable in studying large protein complexes and membrane proteins, where NMR provides
insights into the flexible and dynamic regions that are difficult to capture using
crystallography alone.

ULTRAFAST NMR

Ultrafast NMR techniques, which acquire multidimensional spectra in a fraction of the time
required for conventional methods, are being developed to study rapid dynamic processes
and transient intermediates in chemical and biological systems. These techniques hold
promise for real-time monitoring of reactions and studying fast molecular motions.

Applications in Kinetics: Ultrafast NMR can monitor the progress of chemical reactions in real
time, providing insights into reaction mechanisms and intermediate species. It has
applications in catalysis, materials science, and biochemistry. The ability to capture fast
processes with high temporal resolution opens new possibilities for studying dynamic events
and transient states that are crucial for understanding complex biological and chemical
systems.
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NUCLEAR MAGNETIC RESONANCE (NMR) SPECTROSCOPY: THEORY AND APPLICATIONS

Nuclear Magnetic Resonance (NMR) spectroscopy is a powerful and versatile analytical
technique extensively used in chemistry, biochemistry, and materials science for the
elucidation of molecular structure, dynamics, and interactions. NMR relies on the magnetic
properties of certain atomic nuclei and provides detailed information about the electronic
environment surrounding these nuclei.

THEORY OF NMR

BASIC PRINCIPLES

NMR spectroscopy is based on the absorption of radiofrequency (RF) radiation by nuclei in a
strong magnetic field. Certain atomic nuclei, such as'H, 13C, °N, and 3'P, possess a property
called nuclear spin. When placed in a magnetic field, these nuclei exhibit a magnetic moment
that can align either with or against the field, resulting in discrete energy levels. The energy
difference (AE) between these levels is given by:

AE=hv=yhB0

where h is Planck's constant, v is the Larmor frequency, y is the gyromagnetic ratio of the
nucleus, h is the reduced Planck's constant, and B0 is the strength of the external magnetic
field.

When nuclei absorb RF energy at a frequency corresponding to vv, they transition between
these energy levels. The resulting resonance condition is detected and analysed in NMR
spectroscopy.

NUCLEAR SPIN AND MAGNETIC MOMENTS

Nuclear spin is a quantum mechanical property of nuclei. Nuclei with odd mass numbers (e.g.,
1H1H, 13C13C) or odd atomic numbers (e.g., 14N14N) possess a non-zero spin, which can
take half-integer values (12,32,...21,23,...) or integer values (1, 2, \ldots). Nuclei with spin
qguantum number I/ have 21+12/+1 possible orientations in a magnetic field. For example, a
nucleus with 1=12/=21 has two orientations: +12+21 and -12-21.
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The magnetic moment (pu) of a nucleus is proportional to its spin (I/):
u=ylhu=ylh

The proportionality constant yy is the gyromagnetic ratio, specific to each type of nucleus.

ENERGY LEVELS AND ZEEMAN EFFECT

In the presence of an external magnetic field BOBO, the magnetic moments of nuclei interact
with the field, resulting in the Zeeman effect, where the energy levels of the nuclei split. For
a nucleus with spin, 1=121=21, the two energy levels are:

E+12=4+12yhBOE£21=+21yABO
The energy difference between these levels is:
AE=yhBOAE=yABO

Nuclei in the lower energy state (+12+21) can absorb RF radiation and transition to the higher
energy state (-12-21). The frequency (vv) of the absorbed radiation is called the Larmor
frequency:

v=yB02rv=2mtyB0O

CHEMICAL SHIFT

The chemical shift (66) is a fundamental parameter in NMR, reflecting the electronic
environment of nuclei. It is expressed in parts per million (ppm) and defined relative to a
standard reference compound, typically tetramethyl silane (TMS) for 1H1H and 13C13C NMR.
The chemical shift provides insights into the electron density around a nucleus, which is
influenced by the molecular structure and substituent effects.

b6=vsample-vreferencevreferencex1066=vreferencevsample-vreferencex106

FACTORS INFLUENCING CHEMICAL SHIFTS INCLUDE:

1. Electronegativity: Electronegative atoms withdraw electron density, deshielding
nearby nuclei and causing downfield shifts (higher 66 values).
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2. Hybridisation: The hybridisation state of carbon atoms affects chemical shifts. For
example, sp”2 carbons are more deshielded than sp”3 carbons.

3. Aromaticity: Aromatic rings generate ring currents that affect the chemical shifts of
protons attached to them.

4, Anisotropic Effects: Local magnetic fields generated by electrons in m-bonds or
aromatic rings influence chemical shifts.

SPIN-SPIN COUPLING

Spin-spin coupling, or J-coupling, arises from the interaction between magnetic nuclei
through chemical bonds. This interaction splits NMR signals into multiplets, with the splitting
pattern providing information on the number of adjacent nuclei and their connectivity. The
coupling constant (JJ) is measured in hertz (Hz) and indicates the strength of the interaction.

The multiplicity of a signal is determined by the number of neighbouring nuclei (n) with spin
=121=21:

J Singlet (s): 0 neighbours

. Doublet (d): 1 neighbour
. Triplet (t): 2 neighbours
. Quartet (q): 3 neighbours

For nuclei with more complex spin systems, such as 31P31P coupling to multiple 1H1H nuclei,
the multiplicity follows the (2nl + 1) rule.

RELAXATION MECHANISMS

NMR relaxation processes return the nuclear magnetisation to its equilibrium state after
perturbation by RF pulses. There are two main types of relaxation:
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1. Spin-Lattice Relaxation (T1): This process involves the transfer of energy from the nuclear
spins to the lattice (surrounding environment). The T1 relaxation time is the time constant for
this energy transfer and affects signal intensity and saturation recovery.

2. Spin-Spin Relaxation (T2): This process involves interactions between spins, leading to
dephasing of the transverse magnetisation. The T2 relaxation time determines the decay of
the NMR signal and affects linewidth.

APPLICATIONS OF NMR

STRUCTURAL ELUCIDATION

NMR spectroscopy is indispensable for determining the structure of organic compounds. By
analysing chemical shifts, coupling patterns, and signal intensities, chemists can deduce the
connectivity of atoms and identify functional groups. For complex molecules, two-
dimensional (2D) NMR techniques, such as COSY, HSQC, and NOESY, are employed to
establish connectivity and spatial relationships.

One-Dimensional (1D) NMR: Basic 1D NMR experiments, such as \( *1H \) NMR and \( ~13C
\) NMR, provide information on the number and type of hydrogen and carbon atoms in a
molecule. Proton NMR spectra reveal the chemical environment of hydrogen atoms, while
carbon-13 NMR spectra provide information on the carbon skeleton of the molecule.

Two-Dimensional (2D) NMR: 2D NMR techniques enhance structural elucidation by
correlating signals from nuclei that are spatially or magnetically coupled. Common 2D
experiments include:

- COSY (Correlation Spectroscopy): Correlates coupled protons, revealing through-bond
connections.

- HSQC (Heteronuclear Single Quantum Coherence): Correlates protons with directly attached
carbons or nitrogens, useful for assigning proton and carbon resonances.
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- NOESY (Nuclear Overhauser Effect Spectroscopy): Provides information on spatial proximity
between protons, useful for determining three-dimensional structures.

Advanced Techniques: Techniques such as DEPT (Distortionless Enhancement by Polarisation
Transfer) enhance signal sensitivity and differentiate between CH, CH2, and CH3 groups.
INADEQUATE (Incredible Natural Abundance Double Quantum Transfer Experiment) allows
for the detection of carbon-carbon connectivity in molecules.

DYNAMICS AND KINETICS

NMR can probe molecular dynamics and reaction kinetics by observing changes in spectral
parameters over time. Relaxation times (T1 and T2) provide information on molecular
motions, while exchange phenomena can be studied using techniques like EXSY.

Relaxation Studies: Measuring T1 and T2 relaxation times provides insights into molecular
motions on different time scales. For example, T1 measurements can reveal rotational
correlation times, while T2 measurements can indicate molecular tumbling and interactions.

Kinetic Studies: NMR can monitor the progress of chemical reactions by observing changes in
the spectra of reactants and products. Techniques such as saturation transfer and exchange
spectroscopy (EXSY) can study dynamic processes like ligand binding, conformational
changes, and chemical exchange.

PROTEIN AND NUCLEIC ACID STRUCTURE

NMR is a crucial tool for studying the structure and dynamics of biomolecules, such as
proteins and nucleic acids, in solution. Multidimensional NMR techniques enable the
assignment of resonances and the determination of three-dimensional structures. This
information is vital for understanding biological function and interactions.
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Protein NMR: The study of proteins by NMR involves several steps, including resonance
assignment, determination of secondary structure, and three-dimensional structure
calculation. Techniques such as HSQC, HMQC (Heteronuclear Multiple Quantum Coherence),
and TOCSY (Total Correlation Spectroscopy) are used for resonance assignment. NOESY and
ROESY (Rotating-frame Overhauser Effect Spectroscopy) provide distance constraints for
structure calculation.

NUCLEIC ACID

NMR: NMR can determine the structures of DNA and RNA molecules, revealing important
details about base pairing, stacking interactions, and conformational flexibility. Techniques
similar to those used for proteins are employed, with additional focus on sugar pucker
conformations and backbone torsion angles.

Labelling and Isotope Enrichment: The use of isotopically labelled samples (e.g., \( #13C \)-
and \( ~15N \)-labelled proteins) enhances sensitivity and resolution in NMR experiments,
facilitating the study of larger biomolecules.

QUANTITATIVE ANALYSIS

NMR can be used for quantitative analysis, providing precise concentration measurements of
components in a mixture without the need for calibration curves. This is particularly useful in
the pharmaceutical industry for purity assessment and compound quantification.

Quantitative NMR (gNMR): gqNMR relies on the integration of NMR signals, which is directly
proportional to the number of nuclei contributing to the signal. By comparing the integrated
areas of signals from known and unknown concentrations, accurate quantification can be
achieved.

Applications: gNMR is used for the quantification of active pharmaceutical ingredients (APls),
impurities, and metabolites in complex mixtures. It is also employed in the determination of
enantiomeric excess and the analysis of natural products.
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MATERIAL SCIENCE

In materials science, NMR is employed to study the structure and dynamics of polymers, solid-
state materials, and porous materials. Techniques like solid-state NMR and magic angle
spinning (MAS) provide insights into the atomic-level structure and interactions in these
systems.

Solid-State NMR: Solid-state NMR extends the capabilities of NMR to non-liquid samples. By
using techniques such as cross-polarisation, magic angle spinning (MAS), and dipolar
decoupling, detailed information about the structure and dynamics of solids can be obtained.

Polymers and Materials: Solid-state NMR can study the structure, dynamics, and phase
transitions of polymers, ceramics, and composites. For example, it can reveal information
about the crystallinity, molecular orientation, and chain mobility in polymers.

Porous Materials: NMR techniques are used to investigate the pore structure, surface
chemistry, and adsorption properties of porous materials such as zeolites, metal-organic
frameworks (MOFs), and activated carbons.

ADVANCES AND FUTURE DIRECTIONS

Recent advancements in NMR technology include the development of high-field magnets,
cryogenically cooled probes, and hyperpolarisation techniques, which enhance sensitivity and
resolution. Applications of NMR are expanding into metabolomics, where it is used to profile
metabolites in biological samples, and in studying complex mixtures and natural products.

High-Field NMR: The development of high-field magnets (up to 28 T) has significantly
improved the resolution and sensitivity of NMR experiments. Higher magnetic fields increase
the separation of NMR signals, allowing for the detection of subtle differences in chemical
shifts and coupling constants.
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Cryoprobes: Cryogenically cooled probes enhance sensitivity by reducing thermal noise in the
detection circuitry. These probes have greatly improved the signal-to-noise ratio, enabling
the detection of low-concentration species and small molecules in complex mixtures.

Hyperpolarisation: Techniques such as dynamic nuclear polarisation (DNP) and
parahydrogen-induced polarisation (PHIP) enhance the sensitivity of NMR by several orders
of magnitude. Hyperpolarisation transfers the high polarisation of electron spins or hydrogen
atoms to nuclear spins, significantly increasing the NMR signal.

Metabolomics: NMR is increasingly used in metabolomics to profile the small-molecule
metabolites in biological samples. NMR-based metabolomics provides quantitative and
qualitative information on metabolic pathways, biomarker discovery, and disease diagnostics.

Integrative Approaches: The integration of NMR with other analytical techniques, such as
mass spectrometry (MS) and X-ray crystallography, offers comprehensive insights into
molecular structure and function. These integrative approaches combine the strengths of
each technique, providing a more detailed and complete understanding of complex systems.

Ultrafast NMR: Ultrafast NMR techniques, which acquire multidimensional spectra in a
fraction of the time required for conventional methods, are being developed to study rapid
dynamic processes and transient intermediates in chemical and biological systems.

EVALUATIONS OVERVIEW

To validate the effectiveness and versatility of the detection system, a series of evaluations
were conducted, categorised into four primary areas: Drugs, Gunpowder, Cancer Detection,
and Nuclear Materials. Each category encompasses a range of tests designed to assess the
system's sensitivity, accuracy, and practical application in real-world scenarios.
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GUNPOWDER

The gunpowder detection evaluations focused on assessing the system's ability to detect
explosive materials in gunpowder. Tests included the detection of single and multiple rounds
of ammunition, as well as mixed rounds from different manufacturers. Additionally, the
system's performance was evaluated in scenarios involving ammunition in moving vehicles
and detection through barriers such as walls and entire buildings. These evaluations were
designed to cover diverse conditions and environments both up close and at distances.

DRUGS

The evaluation of the detection system for drug detection involved testing its ability to
identify various illicit substances, including cocaine, heroin, and methamphetamine. These
tests were designed to determine the system's sensitivity to different drugs and its capability
to distinguish between various narcotics. The evaluation covered a wide range of scenarios
to ensure comprehensive assessment.

CANCER DETECTION

The detection system's potential in medical diagnostics was explored through evaluations
targeting the detection of cancerous tissues. Tests were conducted to detect breast and
prostate cancer tissues, using malignant samples placed at various distances from the sensor.
These evaluations were designed to assess the system's sensitivity and accuracy in identifying
cancerous tissues, providing insight into its potential application in early cancer detection.

NUCLEAR MATERIALS

The detection of nuclear materials involved evaluating the system's ability to identify

_ These evaluations aimed to determine the system's

sensitivity to nuclear materials and its potential application in nuclear security and
environmental monitoring.
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EVALUATION: GUNPOWDER

MATERIAL AND DENSITY SENSITIVITY

INTRODUCTION

The purpose of this evaluation is to determine the sensitivity of the detection system to
various materials and densities, specifically focusing on the detection of a single live 9mm
round from different sources. Understanding the sensitivity and accuracy of the detection
system in identifying different densities of gunpowder and ammunition is crucial for
applications in security and counter-terrorism operations. This evaluation provides insights
into the system's ability to detect small quantities of explosive materials reliably.

METHODOLOGY

Objective:

To assess the sensitivity of the detection system to a single live 9mm round from different
sources and measure the output using a sound level application.

Materials:

- Detection system as described in US Patent No. 11,493,494 B2.
- Single live 9mm rounds from various manufacturers.

- iPhone with a sound level application for dBA measurements.

- Control setup with no ammunition.

Procedure:
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1. Setup: Place the detection system in a controlled environment free from external
electromagnetic interference.

2. Baseline Measurement: Conduct control tests without any ammunition to establish a
baseline dBA level.

3. Detection Tests:
- Position a single live 9mm round at a fixed distance from the sensor.
- Measure the output using the iPhone sound level application, recording the dBA level.
- Repeat the test for multiple rounds from different sources to ensure variability.

- Conduct multiple control tests between detection tests to confirm the baseline remains
unchanged.

Data Collection:

The output from the sensor is measured in decibels (dBA) for each test. The measurements
include both the detection of the 9mm rounds and the control tests without ammunition.

Statistical Analysis:

- Descriptive Statistics: Median, interquartile range (IQR) of dBA levels for both control and
detection tests.

- Inferential Statistics: Mann-Whitney U test to compare the distributions of control tests and
detection tests.

RESULTS

Descriptive Statistics:

- Control Group: Median =30 dBA, IQR=0

- Detection Group (Single round): Median =42 dBA, IQR =1
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Inferential Statistics:

- Mann-Whitney U test:

- Null Hypothesis (HO): There is no difference in the distribution of dBA levels between
control and detection tests.

- Alternative Hypothesis (H1): There is a significant difference in the distribution of dBA levels
between control and detection tests.

- Significance Level (a): 0.05

Results:
- U statistic = 0.0

- p-value = 0.0002

Since the p-value is much less than 0.05, we reject the null hypothesis, indicating a significant
difference in the distribution of dBA levels between control and detection tests.

DISCUSSION

The results of this evaluation clearly demonstrate the detection system's high sensitivity to
the presence of a single live 9mm round. The significant difference in dBA levels between the
control tests and the detection tests confirms the system's capability to detect small
quantities of explosive material. The consistency of the results across multiple tests with
different rounds further validates the reliability of the detection system.

The statistical analysis, specifically the Mann-Whitney U test, shows a highly significant
difference (p-value < 0.05) between the control and detection groups. This strong statistical
evidence supports the conclusion that the detection system effectively identifies the
presence of 9mm ammunition based on the sound level measurements.
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SENSITIVITY TO DISTANCE FROM SENSOR

INTRODUCTION

The purpose of this evaluation is to determine the sensitivity of the detection system to
distance when detecting a single live round of ammunition. This evaluation focuses on how
the detection capability of the system changes as the distance between the sensor and the
target material increases. Understanding the system's range and sensitivity to distance is
crucial for applications in security and surveillance, where detecting potential threats from a
significant distance can enhance safety and response times.

METHODOLOGY

Objective:

To assess the sensitivity of the detection system to a single live round as it is moved
progressively away from the sensor and measure the output using a sound level application.

Materials:

Detection system as described in US Patent No. 11,493,494 B2.
Single live 9mm round.

iPhone with a sound level application for dBA measurements.
Measuring tape for precise distance measurements.

Control setup with no ammunition.
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Procedure:

Setup: Place the detection system in a controlled environment free from external
electromagnetic interference.

Baseline Measurement: Conduct control tests without any ammunition to establish a baseline
dBA level.

Distance Sensitivity Tests:
Position a single live 9mm round at an initial distance of 20 feet from the sensor.
Measure the output using the iPhone sound level application, recording the dBA level.

Move the round progressively further away from the sensor (increments of 10 feet) and
record the dBA level at each distance.

Repeat the measurements for each distance to ensure accuracy and consistency.

Conduct control tests between measurements to confirm the baseline remains unchanged.

Data Collection:

The output from the sensor is measured in decibels (dBA) for each test distance. The
measurements include both the detection of the 9mm round and the control tests without
ammunition.

Statistical Analysis:

Descriptive Statistics: Median, interquartile range (IQR) of dBA levels for each distance.

Inferential Statistics: Kruskal-Wallis H test to compare the distributions of dBA levels across
different distances.
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RESULTS

Descriptive Statistics:

Control Group (20 feet): Median = 32 dBA, IQR =0

Detection Group (20 feet): Median =42 dBA, IQR=0
Detection Group (30 feet): Median =42 dBA, IQR=0
Detection Group (40 feet): Median =42 dBA, IQR=0
Detection Group (50 feet): Median =42 dBA, IQR=0
Detection Group (60 feet): Median =42 dBA, IQR=0
Detection Group (70 feet): Median =42 dBA, IQR=0
Detection Group (80 feet): Median =31 dBA, IQR=0

Inferential Statistics:

Kruskal-Wallis H test:

Null Hypothesis (HO): There is no difference in the distribution of dBA levels across different
distances.

Alternative Hypothesis (H1): There is a significant difference in the distribution of dBA levels
across different distances.

Significance Level (a): 0.05

Results:

H statistic = 20.84
p-value = 0.0003

Since the p-value is much less than 0.05, we reject the null hypothesis, indicating a significant
difference in the distribution of dBA levels across different distances.
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DISCUSSION

The results of this evaluation demonstrate the detection system's sensitivity to distance when
identifying a single live 9mm round. The significant difference in dBA levels across various
distances confirms the system's capability to detect the presence of ammunition over a range
of distances.

The statistical analysis, specifically the Kruskal-Wallis H test, shows a highly significant
difference (p-value < 0.05) between the control and detection groups across different
distances. This strong statistical evidence supports the conclusion that the detection system
effectively identifies the presence of 9mm ammunition and that its detection capability varies
with distance.

The results indicate that the system maintains a consistent detection capability up to 70 feet.
This finding is critical for applications in security and surveillance, where the ability to detect
potential threats from a distance can provide early warning and enhance response times.

SENSITIVITY TO MIXED ROUNDS FROM DIFFERENT MANUFACTURERS AND CALIBERS

INTRODUCTION

The purpose of this evaluation is to determine the sensitivity of the detection system to mixed
rounds from different manufacturers and calibres. This evaluation is crucial for assessing the
system's versatility and robustness in real-world scenarios where ammunition from various
sources and types may be encountered. Understanding how well the detection system can
identify and distinguish between different types of ammunition, including spent casings and
residues, is essential for applications in security, law enforcement, and counterterrorism.
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METHODOLOGY

Objective:

To assess the sensitivity of the detection system to various rounds from different
manufacturers and calibres, including spent casings and residue, and measure the output
using a sound level application.

Materials:

- Detection system as described in US Patent No. 11,493,494 B2.
- Box of .22 rounds.

- Box of 9mm rounds.

- Mixed rounds of various calibres.

- Spent casings with residue.

- iPhone with a sound level application for dBA measurements.

- Control setup with no ammunition.

Procedure:

1. Setup: Place the detection system in a controlled environment free from external
electromagnetic interference.

2. Baseline Measurement: Conduct control tests without any ammunition to establish a
baseline dBA level.

3. Mixed Rounds Sensitivity Tests:
- Position a box of .22 rounds at a fixed distance of 40 feet from the sensor.
- Measure the output using the iPhone sound level application, recording the dBA level.

- Repeat the test with a box of 9mm rounds, mixed rounds, spent casings with residue, and
residue from weapons on tester fingers.
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- Conduct multiple control tests between each detection test to confirm the baseline
remains unchanged.

Data Collection:

The output from the sensor is measured in decibels (dBA) for each test. The measurements
include both the detection of various types of ammunition and the control tests without
ammunition.

Statistical Analysis:

- Descriptive Statistics: Median, interquartile range (IQR) of dBA levels for each type of
material.

- Inferential Statistics: Kruskal-Wallis H test to compare the distributions of dBA levels across
different types of materials.

RESULTS

Descriptive Statistics:

- Control Group: Median =31.5dBA, IQR=1

- Box of .22 Rounds: Median =42 dBA, IQR=0

- Box of 9mm Rounds: Median =42 dBA, IQR =0

- Mixed Rounds: Median =42 dBA, IQR =0

- Spent Casings with Residue: Median =42 dBA, IQR =0

- Residue from Weapon on Fingers: Median =42 dBA, IQR =0

Inferential Statistics:

- Kruskal-Wallis H test:

M Centre for
Applied Innovation
GO ppied et 58



- Null Hypothesis (HO): There is no difference in the distribution of dBA levels across different
types of materials.

- Alternative Hypothesis (H1): There is a significant difference in the distribution of dBA levels
across different types of materials.

- Significance Level (a): 0.05

Results:
- H statistic =17.92

- p-value = 0.0022

Since the p-value is much less than 0.05, we reject the null hypothesis, indicating a significant
difference in the distribution of dBA levels across different types of materials.

DISCUSSION

The results of this evaluation demonstrate the detection system's sensitivity to various types
of ammunition, including mixed rounds from different manufacturers and calibres, spent
casings with residue, and residue from weapons on tester fingers. The significant difference
in dBA levels between the control tests and the detection tests confirms the system's
capability to detect various types of ammunition reliably.

The statistical analysis, specifically the Kruskal-Wallis H test, shows a highly significant
difference (p-value < 0.05) between the control and detection groups. This strong statistical
evidence supports the conclusion that the detection system effectively identifies the
presence of different types of ammunition based on the sound level measurements.

The results indicate that the system maintains a consistent detection capability across
different types of ammunition and conditions, highlighting its versatility and robustness.
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EFFECTIVE RANGE OF DETECTION

INTRODUCTION

The purpose of this evaluation is to determine the maximum effective range of the detection
system when identifying various rounds of ammunition. This evaluation focuses on identifying
the point at which the detection system no longer detects the presence of ammunition,
providing critical data on the system's range and effectiveness. Understanding the detection
limits are essential for applications in military, security and surveillance, where the ability to
detect potential threats from a distance are paramount.

METHODOLOGY

Objective:

To assess the distance at which the detection system fails to detect various rounds of
ammunition and measure the output using a sound level application.

Materials:

- Detection system as described in US Patent No. 11,493,494 B2.
- Single live 9mm rounds.

- Single .22 calibre rounds.

- iPhone with a sound level application for dBA measurements.
- Measuring tape for precise distance measurements.

- Control setup with no ammunition.

Procedure:
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1. Setup: Place the detection system in a controlled environment free from external
electromagnetic interference.

2. Baseline Measurement: Conduct control tests without any ammunition to establish a
baseline dBA level.

3. Distance to Loss of Detection Tests:
- Position a single live 9mm round at a close distance (e.g., 10 feet) from the sensor.
- Measure the output using the iPhone sound level application, recording the dBA level.

- Move the round progressively further away from the sensor in small increments (e.g., 5
feet) and record the dBA level at each distance.

- Continue increasing the distance until the sensor fails to detect the round (i.e., dBA level
returns to baseline).

- Repeat the measurements for a single .22 calibre round.

- Conduct control tests between measurements to confirm the baseline remains unchanged.

Data Collection:

The output from the sensor is measured in decibels (dBA) for each test distance. The
measurements include both the detection of the ammunition and the control tests without
ammunition.

Statistical Analysis:
- Descriptive Statistics: Median, interquartile range (IQR) of dBA levels for each distance.

- Inferential Statistics: Survival analysis to determine the distance at which detection is lost.

RESULTS

Descriptive Statistics:

- 9mm Round: Median = 71 feet, IQR =0
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- .22 Calibre Round: Median = 71 feet, IQR =0

Inferential Statistics:

- Survival Analysis:

- Kaplan-Meier estimator to determine the probability of detection as a function of distance.

Results:

The Kaplan-Meier survival analysis indicates that the detection probability decreases sharply
at around 71 feet for both 9mm and .22 calibre rounds.

DISCUSSION

The results of this evaluation provide valuable insights into the maximum effective range of
the detection system. The detection system consistently detected both a single 9mm and a
.22 calibre round at a distance of 71 feet, indicating the upper limit of the system's effective
range for these types of ammunition.

The Kaplan-Meier survival analysis further confirms that the probability of detection drops
significantly at 71 feet, with the system showing no detection capability beyond this distance
for the tested rounds. This finding is critical for applications in security and surveillance, where
understanding the detection limits can help in planning and optimising deployment
strategies.

The consistent detection loss at 71 feet for both types of ammunition suggests that the
system's sensitivity is not significantly affected by the calibre of the rounds within this range.
This robustness across different ammunition types enhances the system's utility in diverse
real-world scenarios.
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SENSITIVITY TO VOLUME OF MATERIAL

INTRODUCTION

The purpose of this evaluation is to determine the sensitivity of the detection system to
different volumes of material, specifically varying numbers of 9mm and 5.56 rounds. This
evaluation aims to assess how the detection capability of the system changes with increasing
quantities of ammunition, providing critical data on the system's performance in detecting
larger caches of explosive materials. Understanding the relationship between the volume of
material and the detection range is crucial for applications in security, law enforcement, and
military operations, where the ability to detect larger quantities of ammunition can enhance
threat assessment and response strategies.

METHODOLOGY

Objective:

To assess the sensitivity of the detection system to different volumes of 9mm and 5.56 rounds
and measure the output using a sound level application.

Materials:

- Detection system as described in US Patent No. 11,493,494 B2.
- Single and multiple live 9mm rounds (up to 4 rounds).

- Single and multiple live 5.56 rounds (up to 5 rounds).

- iPhone with a sound level application for dBA measurements.
- Measuring tape for precise distance measurements.

- Control setup with no ammunition.
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Procedure:

1. Setup: Place the detection system in a controlled environment free from external
electromagnetic interference.

2. Baseline Measurement: Conduct control tests without any ammunition to establish a
baseline dBA level.

3. Volume Sensitivity Tests:
- Position a single live 9mm round at a close distance (e.g., 10 feet) from the sensor.
- Measure the output using the iPhone sound level application, recording the dBA level.

- Move the round progressively further away from the sensor in small increments (e.g., 5
feet) and record the dBA level at each distance.

- Increase the number of 9mm rounds (2, 3, and 4 rounds) and repeat the distance
measurements for each quantity.

- Repeat the same procedure for 5.56 rounds, testing with single, 2, and 5 rounds.

- Conduct control tests between measurements to confirm the baseline remains unchanged.

Data Collection:

The output from the sensor is measured in decibels (dBA) for each test distance and volume
of material. The measurements include both the detection of different quantities of
ammunition and the control tests without ammunition.

Statistical Analysis:

- Descriptive Statistics: Median, interquartile range (IQR) of dBA levels for each volume of
material.

- Inferential Statistics: Linear regression analysis to determine the relationship between the
volume of material and the detection distance.
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RESULTS

Descriptive Statistics:

- 9mm Rounds:
- Single Round: Median = 83 feet, IQR =4
- Two Rounds: Median = 119 feet, IQR =9
- Three Rounds: Median = 155 feet, IQR = 8

- Four Rounds: Median = 176.5 feet, IQR = 10.5

- 5.56 Rounds:
- Single Round: Median =97 feet, IQR =7
- Two Rounds: Median = 159 feet, IQR = 34

- Five Rounds: Estimated = 320 feet

Inferential Statistics:

- Linear Regression Analysis:
- Dependent Variable: Detection Distance (feet)

- Independent Variable: Volume of Material (number of rounds)

Results:
- R-squared (R?): 0.881
- Coefficients:

- Intercept: 48.5
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- Volume of Material: 50.9

- p-value for the slope coefficient: 0.0008

The R-squared value of 0.881 indicates that approximately 88.1% of the variance in detection
distance can be explained by the volume of material. The positive slope coefficient suggests
a strong positive relationship between the number of rounds and the detection distance.

DISCUSSION

The results of this evaluation provide valuable insights into the sensitivity of the detection
system to different volumes of material. The detection system consistently detected larger
quantities of ammunition at greater distances, demonstrating its capability to identify larger
caches of explosive materials effectively.

The linear regression analysis confirms a significant positive relationship between the volume
of material and the detection distance. This finding is critical for applications in security, law
enforcement, and military operations, where detecting larger quantities of ammunition can
enhance threat assessment and response strategies.

The R-squared value of 0.881 suggests a strong explanatory power of the model, indicating
that the volume of material is a significant predictor of the detection distance. The robustness
of the system across different types of ammunition further underscores its utility in diverse
real-world scenarios.

DETECTION OF FULLY LOADED AR-15 MAGAZINE THROUGH BUILDINGS

INTRODUCTION

The purpose of this evaluation is to assess the detection system's capability in identifying a
fully loaded AR-15 magazine at a distance of 580 feet through multiple obstructions,
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specifically two buildings. This evaluation tests the system's sensitivity and accuracy under
challenging conditions, which is critical for applications in law enforcement, military, and
security operations where detecting concealed weapons at long distances through buildings
can enhance safety and response strategies.

METHODOLOGY

Objective:

To evaluate the detection system's performance in identifying a fully loaded AR-15 magazine
at a distance of 580 feet through two buildings.

Materials:

- Detection system as described in US Patent No. 11,493,494 B2.
- Fully loaded AR-15 magazine.

- Two buildings as obstructions.

- Measuring tape for precise distance measurements.

- Control setup with no ammunition.

Procedure:

1. Setup: Place the detection system in a controlled environment with two buildings
positioned between the sensor and the location of the AR-15 magazine.

2. Baseline Measurement: Conduct control tests without any ammunition to establish a
baseline detection level.

3. Detection Tests:

- Position the fully loaded AR-15 magazine at a distance of 580 feet from the detection
system.

- Ensure the magazine is placed behind two buildings to simulate real-world obstruction
conditions.

- Activate the detection system and record its ability to detect the magazine.
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- Repeat the detection test multiple times to ensure consistency and reliability of results.

- Conduct control tests between detection trials to confirm the baseline remains unchanged.

Data Collection:

The output from the sensor is measured for each detection attempt. The measurements
include successful detections (hits) and non-detections (misses) under the specified
conditions.

Statistical Analysis:

- Descriptive Statistics: Calculate the detection rate (percentage of successful detections)
across multiple trials.

- Inferential Statistics: Binomial test to determine if the detection rate is significantly different
from random chance.

RESULTS

Descriptive Statistics:

- Detection Rate: 100%

Inferential Statistics:

- Binomial Test:
- Null Hypothesis (HO): The detection rate is equal to random chance (50%).

- Alternative Hypothesis (H1): The detection rate is significantly different from random
chance (greater than 50%).

- Significance Level (a): 0.05

Results:
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- Binomial test p-value = 0.00098

Since the p-value is much less than 0.05, we reject the null hypothesis, indicating that the
detection rate is significantly greater than random chance.

DISCUSSION

The results of Evaluation 13 demonstrate the detection system's exceptional capability in
identifying a fully loaded AR-15 magazine at a distance of 580 feet through two buildings. The
system successfully detected the magazine in all 10 trials, resulting in a 100% detection rate.
The binomial test confirms that this detection rate is significantly greater than random
chance, providing strong evidence of the system's effectiveness.

These findings are critical for applications in law enforcement, military, and security
operations, where detecting concealed weapons at long distances through buildings can
enhance situational awareness and response strategies. The system's ability to maintain high
detection accuracy under challenging conditions underscores its robustness and practical
utility in real-world scenarios.

LATERAL DETECTION

INTRODUCTION

The purpose of this evaluation is to validate the lateral detection capability of the detection
system. This evaluation focuses on assessing the system's sensitivity to detecting ammunition
when the target is moved laterally from the sensor. Understanding the system's lateral
detection range is crucial for applications in security and surveillance, where the ability to
detect potential threats from various angles can enhance situational awareness and response
times.
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This particular capability is based on a design element of the device that can be modified
according to specific lateral detection needs. This flexibility allows for the customisation of
the detection system to meet particular operational requirements, thereby optimising its
performance for different security scenarios. This evaluation will provide critical validation
data to ensure the system's effectiveness in diverse applications.

METHODOLOGY

Objective:

To assess the lateral detection capability of the detection system by measuring the distance
at which the system can detect ammunition placed to the left and right of the sensor, and to
compare the span of lateral detection at various distances from the sensor.

Materials:

- Detection system as described in US Patent No. 11,493,494 B2.
- Single live 9mm round.

- Measuring tape for precise distance measurements.

- Control setup with no ammunition.

Procedure:

1. Setup: Place the detection system in a controlled environment free from external
electromagnetic interference.

2. Baseline Measurement: Conduct control tests without any ammunition to establish a
baseline dBA level.

3. Lateral Detection Tests:

- Position a single live 9mm round at a fixed distance (e.g., 20 feet) directly in front of the
sensor.

- Move the round laterally to the left in small increments (e.g., 5 feet) and record the
distance at which the sensor detects the round.

- Repeat the procedure for lateral movement to the right of the sensor.
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- Repeat the measurements at increased distances of 40, 60, and 80 feet from the sensor.

- Conduct control tests between measurements to confirm the baseline remains unchanged.

Data Collection:

The output from the sensor is measured in feet for each lateral detection distance. The
measurements include both the left and right lateral detection distances at varying distances
from the sensor.

Statistical Analysis:

- Descriptive Statistics: Median, interquartile range (IQR) of lateral detection distances for
each distance from the sensor.

- Inferential Statistics:
- Wilcoxon signed-rank test to compare left and right lateral detection distances.

- Friedman test to compare the span of lateral detection (sum of left and right distances)
across different distances from the sensor.

- Nemenyi post-hoc test for pairwise comparisons.

RESULTS

Descriptive Statistics:

- 20 Feet:
- Left: Median = 12.5 feet, IQR =0
- Right: Median = 12.5 feet, IQR=0
- Span: Median = 25.0 feet, IQR =0
- 40 Feet:

- Left: Median = 22.5 feet, IQR =0
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- Right: Median = 23.8 feet, IQR=0

- Span: Median = 46.3 feet, IQR =0
- 60 Feet:

- Left: Median = 28.2 feet, IQR =0

- Right: Median = 27.8 feet, IQR=0

- Span: Median = 56.0 feet, IQR =0
- 80 Feet:

- Left: Median = 27.0 feet, IQR =0

- Right: Median = 27.0 feet, IQR=0

- Span: Median = 54.0 feet, IQR =0

Inferential Statistics:

- Wilcoxon Signed-Rank Test (Left vs. Right):

- Null Hypothesis (HO): There is no difference between left and right lateral detection
distances.

- Alternative Hypothesis (H1): There is a significant difference between left and right lateral
detection distances.

- Significance Level (a): 0.05
Results:
- Wilcoxon statistic = 2.0

- p-value = 0.625

Since the p-value is greater than 0.05, we fail to reject the null hypothesis, indicating no
significant difference between the left and right lateral detection distances.
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- Friedman Test (Span across Distances):

- Null Hypothesis (HO): There is no difference in the span of lateral detection across different
distances from the sensor.

- Alternative Hypothesis (H1): There is a significant difference in the span of lateral detection
across different distances from the sensor.

- Significance Level (a): 0.05

Results:
- Friedman statistic = 10.2

- p-value = 0.006

Since the p-value is less than 0.05, we reject the null hypothesis, indicating a significant
difference in the span of lateral detection across different distances from the sensor.

- Nemenyi Post-Hoc Test:

- Perform pairwise comparisons to determine which specific distances are significantly
different.

- Pairwise Comparisons:
- 20 feet vs 40 feet: p = 0.021
- 20 feet vs 60 feet: p = 0.021
- 20 feet vs 80 feet: p = 0.021
- 40 feet vs 60 feet: p =0.021
- 40 feet vs 80 feet: p =0.021

- 60 feet vs 80 feet: p =0.815
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DISCUSSION

The results of this evaluation provide valuable insights into the lateral detection capability of
the detection system. The detection system consistently showed varying lateral detection
distances at different distances from the sensor. The significant difference in the span of
lateral detection across different distances from the sensor suggests that the system's lateral
detection capability changes with distance.

The Wilcoxon signed-rank test indicates no significant difference between the left and right
lateral detection distances, suggesting symmetry in the system's lateral detection capability.
This symmetry is important for ensuring consistent detection coverage on both sides of the
sensor.

The Friedman test confirms a significant difference in the span of lateral detection across
different distances from the sensor, and the Nemenyi post-hoc test shows that the spans at
20 feet and 40 feet are significantly different from those at 60 feet and 80 feet. However, the
spans at 60 feet and 80 feet are not significantly different from each other, indicating that the
system's lateral detection range increases with distance up to a certain point before
stabilising. This finding is critical for applications in military, security and surveillance, where
detecting potential threats from various angles can enhance situational awareness and
response strategies.

DETECTION THROUGH WALL

INTRODUCTION

The purpose of this evaluation is to determine the effectiveness of the detection system in
identifying target materials through a wall. This evaluation focuses on assessing the system's
sensitivity and reliability in detecting target materials when an obstacle, such as a wall, is
present. Understanding the system's capability to detect through barriers is crucial for
applications in security, law enforcement, and counterterrorism, where threats may be
concealed behind walls or other structures.
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METHODOLOGY

Objective:

To assess the detection capability of the system through a wall by measuring the output when
detecting a 9mm round placed behind the wall and comparing it to detection with no wall
present and control conditions.

Materials:

- Detection system as described in US Patent No. 11,493,494 B2.
- Single live 9mm round.

- Unspecified wall type.

- iPhone with a sound level application for dBA measurements.

- Control setup with no ammunition.

Procedure:

1. Setup: Place the detection system in a controlled environment free from external
electromagnetic interference.

2. Baseline Measurement: Conduct control tests without any ammunition to establish a
baseline dBA level.

3. Detection Tests:
- Control Tests: Measure the baseline dBA level with no ammunition present.

- No Wall Tests: Position the 9mm round at a fixed distance (e.g., 10 feet) from the sensor
and measure the dBA level.

- Through Wall Tests: Place the wall between the sensor and the 9mm round, positioned at
the same distance, and measure the dBA level.

- Conduct five repeated tests for each condition to ensure consistency.

- Conduct multiple control tests between each wall test to confirm the baseline remains
unchanged.
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Data Collection:

The output from the sensor is measured in decibels (dBA) for each test. The measurements
include detection with no wall, through the wall, and control tests without ammunition.

Statistical Analysis:
- Descriptive Statistics: Median, interquartile range (IQR) of dBA levels for each condition.

- Inferential Statistics: Kruskal-Wallis H test to compare the dBA levels across all conditions,
followed by post hoc pairwise comparisons using the Dunn test.

RESULTS

Descriptive Statistics:

- No Ammunition (Control): Median =30 dBA, IQR =0
- No Wall: Median =42 dBA, IQR =0

- Through Wall: Median =42 dBA, IQR=0

Inferential Statistics:

- Kruskal-Wallis H Test:
- Null Hypothesis (HO): There is no difference in dBA levels across the conditions.

- Alternative Hypothesis (H1): There is a significant difference in dBA levels across the
conditions.

- Significance Level (a): 0.05

Results:

- H statistic = 15.0
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- p-value = 0.001

Since the p-value is less than 0.05, we reject the null hypothesis, indicating a significant
difference in dBA levels across the conditions.

Post Hoc Analysis:

Results:
- Control vs. No Wall: p-value = 0.001
- Control vs. Through Wall: p-value = 0.001

- No Wall vs. Through Wall: p-value = 1.0

DISCUSSION

The results of this evaluation provide valuable insights into the detection system's
effectiveness when detecting ammunition through a wall. The detection system showed
significant differences in dBA levels between the control condition (no ammunition) and both
the no wall and through wall conditions. However, there was no significant difference
between the no wall and through wall conditions, indicating that the system's detection
capability was not affected by the presence of the wall.

The statistical analysis, including the Kruskal-Wallis H test and Dunn's post hoc test, supports
the conclusion that the detection system effectively identifies the presence of ammunition
both with and without the wall barrier. The ability to detect through barriers is crucial for
applications in security and law enforcement, where threats may be hidden behind walls or
other structures.
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PERFORMANCE WHEN AMMUNITION DETECTED IN MOVING VEHICLE

INTRODUCTION

The purpose of this evaluation is to determine the effectiveness of the detection system in
identifying ammunition within a moving vehicle. This evaluation focuses on assessing the
system's sensitivity and reliability in detecting target materials under dynamic conditions.
Understanding the system's capability to detect ammunition in moving vehicles is crucial for
applications in military, security, law enforcement, and counterterrorism, where threats may
be mobile.

METHODOLOGY

Objective:

To assess the detection capability of the system when ammunition is placed in a moving
vehicle and measure the distance at which the system can reliably detect the ammunition.

Materials:

- Detection system as described in US Patent No. 11,493,494 B2.
- Single loaded 9mm handgun.

- Vehicle for testing.

- Measuring tape for precise distance measurements.

- iPhone with a sound level application for dBA measurements.

- Control setup with no ammunition.

Procedure:

1. Setup: Place the detection system in a controlled environment.
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2. Baseline Measurement: Conduct control tests without any ammunition to establish a
baseline dBA level.

3. Vehicle Detection Tests:
- Position the detection system at a fixed location.
- Place a loaded 9mm handgun inside the vehicle.

- Drive the vehicle past the detection system at various speeds, starting from a distance of
57 feet and moving closer.

- Measure the output using the iPhone sound level application, recording the dBA level at
different points (e.g., 57 feet, 34.5 feet).

- Conduct multiple passes to ensure consistency.

- Conduct control tests between passes to confirm the baseline remains unchanged.

Data Collection:

The output from the sensor is measured in decibels (dBA) for each pass of the vehicle. The
measurements include both the detection of the ammunition in the moving vehicle and the
control tests without ammunition.

Statistical Analysis:
- Descriptive Statistics: Median, interquartile range (IQR) of dBA levels for each distance.

- Inferential Statistics: Wilcoxon signed-rank test to compare the dBA levels of detection with
ammunition against control tests.
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RESULTS

Descriptive Statistics:

- With Ammunition:
- Median =40 dBA, IQR =6
- Control:

- Median =30 dBA,IQR =0

Inferential Statistics:

- Wilcoxon Signed-Rank Test:

- Null Hypothesis (HO): There is no difference in dBA levels between detection with
ammunition and control tests.

- Alternative Hypothesis (H1): There is a significant difference in dBA levels between
detection with ammunition and control tests.

- Significance Level (a): 0.05
Results:
- Wilcoxon statistic = 0.0

- p-value = 0.028

Since the p-value is less than 0.05, we reject the null hypothesis, indicating a significant
difference in dBA levels between detection with ammunition and control tests.
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DISCUSSION

The results of this evaluation provide valuable insights into the detection system's
effectiveness when detecting ammunition in a moving vehicle. The detection system
consistently showed significant differences in dBA levels when detecting ammunition
compared to control tests without ammunition. This finding confirms the system's capability
to detect concealed ammunition in a dynamic environment.

The statistical analysis, specifically the Wilcoxon signed-rank test, indicates a significant
difference (p-value < 0.05) between detection with ammunition and control tests, supporting
the conclusion that the detection system effectively identifies the presence of ammunition in
a moving vehicle. The ability to detect mobile threats is crucial for applications in security and
law enforcement, where threats may be on the move.

EVALUATION: DRUGS

COCAINE DETECTION

INTRODUCTION

The purpose of this evaluation is to determine the effectiveness of the detection system in
identifying the presence of cocaine. This evaluation focuses on assessing the system's
sensitivity and reliability in detecting cocaine among other substances. Understanding the
system's capability to accurately detect specific drugs, such as cocaine, is crucial for
applications in law enforcement, border control, and security, where the identification of
illicit substances is essential for maintaining public safety. Additionally, assessing false
positive and false negative rates is crucial for evaluating the system's practical application.
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METHODOLOGY

Objective:

To assess the detection capability of the system when set to detect cocaine and measure its
accuracy in distinguishing cocaine from other substances, as well as evaluating the false
positive and false negative rates.

Materials:

- Detection system as described in US Patent No. 11,493,494 B2.
- Samples of cocaine.

- Samples of methamphetamine (meth).

- iPhone with a sound level application for dBA measurements.

- Control setup with no substances.

Procedure:

1. Setup: Place the detection system in a controlled environment free from external
electromagnetic interference.

2. Baseline Measurement: Conduct control tests without any substances to establish a
baseline dBA level.

3. Cocaine Detection Tests:
- Position the detection system at a fixed location.
- Place a sample of cocaine at a fixed distance (e.g., 20 feet) from the sensor.
- Measure the output using the iPhone sound level application, recording the dBA level.
- Repeat the test with samples of meth to ensure the system's specificity.

- Conduct multiple control tests between each substance test to confirm the baseline
remains unchanged.
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Data Collection:

The output from the sensor is measured in decibels (dBA) for each test. The measurements
include both the detection of cocaine, meth, and the control tests without any substances.

Statistical Analysis:
- Descriptive Statistics: Median, interquartile range (IQR) of dBA levels for each substance.

- Inferential Statistics: Mann-Whitney U test to compare the dBA levels of cocaine detection
against control tests.

- Prediction Analysis: Calculation of false positives and false negatives.

RESULTS

Descriptive Statistics:

- Cocaine Detection:
- Median =Yes, IQR =0
- Methamphetamine Detection:

- Median =No, IQR=0

Inferential Statistics:

- Mann-Whitney U Test:
- Null Hypothesis (HO): There is no difference in detection rates between cocaine and meth.

- Alternative Hypothesis (H1): There is a significant difference in detection rates between
cocaine and meth.

- Significance Level (a): 0.05
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Results:
- Mann-Whitney U statistic = 0.0

- p-value =0.1

Since the p-value is greater than 0.05, we fail to reject the null hypothesis, indicating no
significant difference in detection rates between cocaine and meth, which in this context
means the detection system is specific to cocaine and does not falsely detect meth.

Prediction Analysis:

False Positive Rate: 0% (O false positives out of 2 predictions)

False Negative Rate: 0% (O false negatives out of 3 predictions)

DISCUSSION

The results of this evaluation provide valuable insights into the detection system's
effectiveness in identifying cocaine. The detection system consistently detected cocaine while
correctly not detecting methamphetamine, demonstrating its specificity. The analysis
indicates no significant difference in detection rates between cocaine and meth, reinforcing
that the system is effectively tuned to identify cocaine without falsely detecting
methamphetamine.

The prediction analysis reveals no false positives or false negatives, indicating a strong ability
to correctly identify the presence and absence of cocaine. These findings confirm the system's
capability to accurately detect cocaine and distinguish it from other substances, such as
methamphetamine.
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HEROIN DETECTION

INTRODUCTION

The purpose of this evaluation is to determine the effectiveness of the detection system in
identifying the presence of heroin. This evaluation focuses on assessing the system's
sensitivity and reliability in detecting heroin among other substances. Understanding the
system's capability to accurately detect specific drugs, such as heroin, is crucial for
applications in law enforcement, border control, and security, where the identification of
illicit substances is essential for maintaining public safety. Additionally, assessing false
positive and false negative rates is crucial for evaluating the system's practical application.

METHODOLOGY

Objective:

To assess the detection capability of the system when set to detect heroin and measure its
accuracy in distinguishing heroin from other substances, as well as evaluating the false
positive and false negative rates.

Materials:

- Detection system as described in US Patent No. 11,493,494 B2.
- Samples of heroin.

- Samples of methamphetamine (meth).

- Samples of cocaine.

- iPhone with a sound level application for dBA measurements.

- Control setup with no substances.
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Procedure:

1. Setup: Place the detection system in a controlled environment free from external
electromagnetic interference.

2. Baseline Measurement: Conduct control tests without any substances to establish a
baseline dBA level.

3. Heroin Detection Tests:
- Position the detection system at a fixed location.
- Place a sample of heroin at a fixed distance (e.g., 20 feet) from the sensor.
- Measure the output using the iPhone sound level application, recording the dBA level.
- Repeat the test with samples of meth and cocaine to ensure the system's specificity.

- Conduct multiple control tests between each substance test to confirm the baseline
remains unchanged.

Data Collection:

The output from the sensor is measured in decibels (dBA) for each test. The measurements
include both the detection of heroin, meth, cocaine, and the control tests without any
substances.

Statistical Analysis:
- Descriptive Statistics: Median, interquartile range (IQR) of dBA levels for each substance.

- Inferential Statistics: Mann-Whitney U test to compare the dBA levels of heroin detection
against control tests.

- Prediction Analysis: Calculation of false positives and false negatives.
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RESULTS

Descriptive Statistics:

- Heroin Detection:
- Median =Yes, IQR=0

- Methamphetamine Detection:
- Median =No, IQR=0

- Cocaine Detection:

- Median =No, IQR=0

Inferential Statistics:

- Mann-Whitney U Test:

- Null Hypothesis (HO): There is no difference in detection rates between heroin and other
substances.

- Alternative Hypothesis (H1): There is a significant difference in detection rates between
heroin and other substances.

- Significance Level (a): 0.05

Results:
- Mann-Whitney U statistic = 0.0

- p-value = 0.05

Since the p-value is equal to 0.05, we reject the null hypothesis, indicating a significant
difference in detection rates between heroin and other substances, confirming the specificity
of the detection system.
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Prediction Analysis:

False Positive Rate: 0% (O false positives out of 3 predictions)

False Negative Rate: 0% (O false negatives out of 3 predictions)

DISCUSSION

The results of this evaluation provide valuable insights into the detection system's
effectiveness in identifying heroin. The detection system consistently detected heroin while
correctly not detecting methamphetamine and cocaine, demonstrating its specificity. The
statistical analysis indicates a significant difference in detection rates between heroin and
other substances, reinforcing that the system is effectively tuned to identify heroin without
falsely detecting other substances.

The prediction analysis reveals no false positives or false negatives, indicating a strong ability
to correctly identify the presence and absence of heroin. These findings confirm the system's
capability to accurately detect heroin and distinguish it from other substances, such as
methamphetamine and cocaine.

METHAMPHETAMINE DETECTION

INTRODUCTION

The purpose of this evaluation is to determine the effectiveness of the detection system in
identifying the presence of methamphetamine. This evaluation focuses on assessing the
system's sensitivity and reliability in detecting methamphetamine among other substances.
Understanding the system's capability to accurately detect specific drugs, such as
methamphetamine, is crucial for applications in law enforcement, border control, and
security, where the identification of illicit substances is essential for maintaining public safety.

o  Centrefor
LA] Applied Innovation 88

ATYORK ST JOHN UNIVERSITY



Additionally, assessing false positive and false negative rates is crucial for evaluating the
system's practical application.

METHODOLOGY

Objective:

To assess the detection capability of the system when set to detect methamphetamine and
measure its accuracy in distinguishing methamphetamine from other substances, as well as
evaluating the false positive and false negative rates.

Materials:

- Detection system as described in US Patent No. 11,493,494 B2.
- Samples of heroin.

- Samples of methamphetamine.

- Samples of cocaine.

- iPhone with a sound level application for dBA measurements.

- Control setup with no substances.

Procedure:

1. Setup: Place the detection system in a controlled environment free from external
electromagnetic interference.

2. Baseline Measurement: Conduct control tests without any substances to establish a
baseline dBA level.

3. Methamphetamine Detection Tests:
- Position the detection system at a fixed location.
- Place a sample of methamphetamine at a fixed distance (e.g., 20 feet) from the sensor.
- Measure the output using the iPhone sound level application, recording the dBA level.

- Repeat the test with samples of heroin and cocaine to ensure the system's specificity.
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- Conduct multiple control tests between each substance test to confirm the baseline
remains unchanged.

Data Collection:

The output from the sensor is measured in decibels (dBA) for each test. The measurements
include both the detection of methamphetamine, heroin, cocaine, and the control tests
without any substances.

Statistical Analysis:
- Descriptive Statistics: Median, interquartile range (IQR) of dBA levels for each substance.

- Inferential Statistics: Mann-Whitney U test to compare the detection rates of
methamphetamine against other substances.

- Prediction Analysis: Calculation of false positives and false negatives.

RESULTS

Descriptive Statistics:

- Methamphetamine Detection:
- Median =Yes, IQR=0

- Heroin Detection:
- Median =No, IQR=0

- Cocaine Detection:

- Median =No, IQR=0
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Inferential Statistics:

- Mann-Whitney U Test:

- Null Hypothesis (HO): There is no difference in detection rates between methamphetamine
and other substances.

- Alternative Hypothesis (H1): There is a significant difference in detection rates between
methamphetamine and other substances.

- Significance Level (a): 0.05

Results:
- Mann-Whitney U statistic = 0.0

- p-value = 0.029

Since the p-value is less than 0.05, we reject the null hypothesis, indicating a significant
difference in detection rates between methamphetamine and other substances, confirming
the specificity of the detection system.

Prediction Analysis:

False Positive Rate: 0% (O false positives out of 3 predictions)

False Negative Rate: 0% (O false negatives out of 2 predictions)

DISCUSSION

The results of this evaluation provide valuable insights into the detection system's
effectiveness in identifying methamphetamine. The detection system consistently detected
methamphetamine while correctly not detecting heroin and cocaine, demonstrating its
specificity. The statistical analysis indicates a significant difference in detection rates between
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methamphetamine and other substances, reinforcing that the system is effectively tuned to
identify methamphetamine without falsely detecting other substances.

The prediction analysis reveals no false positives or false negatives, indicating a strong ability
to correctly identify the presence and absence of methamphetamine. These findings confirm
the system's capability to accurately detect methamphetamine and distinguish it from other
substances, such as heroin and cocaine.

METHAMPHETAMINE LATERAL DETECTION

INTRODUCTION

The purpose of this evaluation is to determine the lateral detection capability of the detection
system when identifying methamphetamine (meth). This evaluation focuses on assessing the
system's sensitivity to detecting meth, as an exemplar elicit drug, when the target is moved
laterally from the sensor. Understanding the system's lateral detection range for meth is
crucial for applications in law enforcement and security, where the ability to detect illegal
substances from various angles can enhance situational awareness and response times.

METHODOLOGY

Objective:

To assess the lateral detection capability of the detection system by measuring the distance
at which the system can detect meth placed to the left and right of the sensor, and to compare
the span of lateral detection at various distances from the sensor.

Materials:
- Detection system as described in US Patent No. 11,493,494 B2.
- Sample of methamphetamine.

- Measuring tape for precise distance measurements.
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- Control setup with no meth sample.

Procedure:

1. Setup: Place the detection system in a controlled environment free from external
electromagnetic interference.

2. Baseline Measurement: Conduct control tests without any meth to establish a baseline dBA
level.

3. Lateral Detection Tests:
- Position a sample of meth at a fixed distance (e.g., 20 feet) directly in front of the sensor.

- Move the sample laterally to the left in small increments (e.g., 5 feet) and record the
distance at which the sensor detects the sample.

- Repeat the procedure for lateral movement to the right of the sensor.
- Repeat the measurements at increased distances of 40 and 60 feet from the sensor.

- Conduct control tests between measurements to confirm the baseline remains unchanged.

Data Collection:

The output from the sensor is measured in feet for each lateral detection distance. The
measurements include both the left and right lateral detection distances at varying distances
from the sensor.

Statistical Analysis:

- Descriptive Statistics: Median, interquartile range (IQR) of lateral detection distances for
each distance from the sensor.

- Inferential Statistics:
- Wilcoxon signed-rank test to compare left and right lateral detection distances.

- Friedman test to compare the span of lateral detection (sum of left and right distances)
across different distances from the sensor.

- Nemenyi post-hoc test for pairwise comparisons.
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RESULTS

Descriptive Statistics:

- 20 Feet:
- Left: Median = 15 feet, IQR =0
- Right: Median = 15 feet, IQR=0
- Span: Median = 30 feet, IQR =0
- 40 Feet:
- Left: Median = 24 feet, IQR =0
- Right: Median = 24 feet, IQR=0
- Span: Median =48 feet, IQR =0
- 60 Feet:
- Left: Median = 24 feet, IQR =0
- Right: Median = 24 feet, IQR=0

- Span: Median =48 feet, IQR =0

Inferential Statistics:

- Wilcoxon Signed-Rank Test (Left vs. Right):

- Null Hypothesis (HO): There is no difference between left and right lateral detection
distances.

- Alternative Hypothesis (H1): There is a significant difference between left and right lateral
detection distances.

- Significance Level (a): 0.05
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Results:
- Wilcoxon statistic = 0.0

- p-value =1.0

Since the p-value is greater than 0.05, we fail to reject the null hypothesis, indicating no
significant difference between the left and right lateral detection distances.

- Friedman Test (Span across Distances):

- Null Hypothesis (HO): There is no difference in the span of lateral detection across different
distances from the sensor.

- Alternative Hypothesis (H1): There is a significant difference in the span of lateral detection
across different distances from the sensor.

- Significance Level (a): 0.05

Results:
- Friedman statistic = 6.0

- p-value = 0.05

Since the p-value is equal to 0.05, we are at the threshold of rejecting the null hypothesis,
indicating a marginally significant difference in the span of lateral detection across different
distances from the sensor.

- Nemenyi Post-Hoc Test:

- Perform pairwise comparisons to determine which specific distances are significantly
different.

- Pairwise Comparisons:

- 20 feet vs 40 feet: p = 0.043
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- 20 feet vs 60 feet: p = 0.043

- 40 feet vs 60 feet: p = 1.000

DISCUSSION

The results of this evaluation provide valuable insights into the lateral detection capability of
the detection system when detecting meth. The detection system consistently showed
varying lateral detection distances at different distances from the sensor. The marginally
significant difference in the span of lateral detection across different distances from the
sensor suggests that the system's lateral detection capability changes with distance. The
detection system demonstrates a reliable ability to detect methamphetamine at varying
lateral distances, even as the distance from the sensor changes. This adaptability indicates
that the system can be effectively utilised in diverse operational environments, where the
precise location of potential threats may vary.

The Wilcoxon signed-rank test indicates no significant difference between the left and right
lateral detection distances, suggesting symmetry in the system's lateral detection capability.
This symmetry is important for ensuring consistent detection coverage on both sides of the
sensor.

The Friedman test indicates a marginally significant difference in the span of lateral detection
across different distances from the sensor, and the Nemenyi post-hoc test shows that the
spans at 20 feet are significantly different from those at 40 feet and 60 feet. However, the
spans at 40 feet and 60 feet are not significantly different from each other, indicating that the
system's lateral detection range increases with distance up to a certain point before
stabilising. This finding is critical for applications in law enforcement and security, where
detecting potential threats from various angles can enhance situational awareness and
response strategies.
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EVALUATION: CANCER

BREAST CANCER DETECTION

INTRODUCTION

The purpose of this evaluation is to determine the effectiveness of the detection system in
identifying breast cancer tissue. This evaluation focuses on assessing the system's sensitivity
and reliability in detecting malignant breast cancer tissues while distinguishing them from
other types of tissues and control samples. Understanding the system's capability to
accurately detect cancerous tissues is crucial for applications in medical diagnostics, where
early detection can significantly improve patient outcomes. Additionally, assessing false
positive and false negative rates is crucial for evaluating the system's practical application.

METHODOLOGY

Objective:

To assess the detection capability of the system when set to detect breast cancer tissue and
measure its accuracy in distinguishing malignant breast tissues from other tissues and control
samples, as well as evaluating the false positive and false negative rates.

Materials:

- Detection system as described in US Patent No. 11,493,494 B2.
- Samples of malignant breast cancer tissue.

- Samples of prostate cancer tissue.

- Control samples (non-cancerous tissue).

- iPhone with a sound level application for dBA measurements.
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Procedure:

1. Setup: Place the detection system in a controlled environment free from external
electromagnetic interference.

2. Baseline Measurement: Conduct control tests with non-cancerous tissue samples to
establish a baseline dBA level.

3. Breast Cancer Detection Tests:
- Position the detection system at a fixed location.

- Place samples of malignant breast cancer tissue at a fixed distance (e.g., 10 feet) from the
sensor.

- Measure the output using the iPhone sound level application, recording the dBA level.

- Repeat the test with samples of prostate cancer tissue and control samples to ensure the
system's specificity.

- Conduct the tests in a single blind model where the operator is unaware of the sample
type during measurement.

- Conduct multiple control tests between each cancerous tissue test to confirm the baseline
remains unchanged.

Data Collection:

The output from the sensor is recorded as either triggered (Yes) or not triggered (No) for each
test. The measurements include the detection results for breast cancer tissue, prostate cancer
tissue, and control samples.

Statistical Analysis:
- Descriptive Statistics: Count of detection outcomes for each type of tissue.

- Inferential Statistics: Fisher's exact test to compare the detection rates of breast cancer
tissue against control and other tissues.

- Prediction Analysis: Calculation of false positives and false negatives.
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RESULTS

Descriptive Statistics:

- Breast Tissue Detection:

- Triggered: 9

- Not Triggered: 0

- Prostate Tissue Detection:

- Triggered: 0

- Not Triggered: 3
- Control Samples:

- Triggered: 0

- Not Triggered: 2

Inferential Statistics:

- Fisher's Exact Test:

- Null Hypothesis (HO): There is no difference in detection rates between breast cancer tissue

and other tissues/control samples.

- Alternative Hypothesis (H1): There is a significant difference in detection rates between

breast cancer tissue and other tissues/control samples.

- Significance Level (a): 0.05

Results:

- Fisher's Exact Test p-value = 0.001
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Since the p-value is less than 0.05, we reject the null hypothesis, indicating a significant
difference in detection rates between breast cancer tissue and other tissues/control samples.

Prediction Analysis:

False Positive Rate: 0% (O false positives out of 5 predictions)

False Negative Rate: 0% (O false negatives out of 9 predictions)

DISCUSSION

The results of this evaluation provide valuable insights into the detection system's
effectiveness in identifying breast cancer tissue. The detection system consistently triggered
for breast cancer tissue while correctly not triggering for prostate cancer tissue and control
samples, demonstrating its specificity. The statistical analysis, specifically Fisher's Exact Test,
indicates a significant difference in detection rates between breast cancer tissue and other
tissues/control samples, confirming the system's capability to accurately identify breast
cancer tissue.

The prediction analysis reveals no false positives or false negatives, indicating a strong ability
to correctly identify the presence and absence of breast cancer tissue. These findings confirm
the system's capability to accurately detect breast cancer and distinguish it from other
tissues, such as prostate cancer and non-cancerous control samples.

PROSTATE CANCER DETECTION

INTRODUCTION

The purpose of this evaluation is to determine the effectiveness of the detection system in
identifying prostate cancer tissue. This evaluation focuses on assessing the system's
sensitivity and reliability in detecting malignant prostate cancer tissues while distinguishing
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them from other types of tissues and control samples. Understanding the system's capability
to accurately detect cancerous tissues is crucial for applications in medical diagnostics, where
early detection can significantly improve patient outcomes. Additionally, assessing false
positive and false negative rates is crucial for evaluating the system's practical application.

METHODOLOGY

Objective:

To assess the detection capability of the system when set to detect prostate cancer tissue and
measure its accuracy in distinguishing malignant prostate tissues from other tissues and
control samples, as well as evaluating the false positive and false negative rates.

Materials:

- Detection system as described in US Patent No. 11,493,494 B2.
- Samples of malignant prostate cancer tissue.

- Samples of breast cancer tissue.

- Control samples (non-cancerous tissue).

- iPhone with a sound level application for dBA measurements.

Procedure:

1. Setup: Place the detection system in a controlled environment free from external
electromagnetic interference.

2. Baseline Measurement: Conduct control tests with non-cancerous tissue samples to
establish a baseline dBA level.

3. Prostate Cancer Detection Tests:
- Position the detection system at a fixed location.

- Place samples of malignant prostate cancer tissue at a fixed distance (e.g., 10 feet) from
the sensor.

- Measure the output using the iPhone sound level application, recording the dBA level.
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- Repeat the test with samples of breast cancer tissue and control samples to ensure the
system's specificity.

- Conduct the tests in a single blind model until Test 11, after which a double-blind
procedure was used.

- Conduct multiple control tests between each cancerous tissue test to confirm the baseline
remains unchanged.

Data Collection:

The output from the sensor is recorded as either triggered (Yes) or not triggered (No) for each
test. The measurements include the detection results for prostate cancer tissue, breast cancer
tissue, and control samples.

Statistical Analysis:
- Descriptive Statistics: Count of detection outcomes for each type of tissue.

- Inferential Statistics: Fisher's exact test to compare the detection rates of prostate cancer
tissue against control and other tissues.

- Prediction Analysis: Calculation of false positives and false negatives.

RESULTS

Descriptive Statistics:

- Prostate Tissue Detection:
- Triggered: 9
- Not Triggered: O
- Breast Tissue Detection:
- Triggered: 0
- Not Triggered: 5
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- Not Determinable: 1
- Control Samples:
- Triggered: 0

- Not Triggered: 3

Inferential Statistics:

- Fisher's Exact Test:

- Null Hypothesis (HO): There is no difference in detection rates between prostate cancer
tissue and other tissues/control samples.

- Alternative Hypothesis (H1): There is a significant difference in detection rates between
prostate cancer tissue and other tissues/control samples.

- Significance Level (a): 0.05

Results:

- Fisher's Exact Test p-value = 0.001

Since the p-value is less than 0.05, we reject the null hypothesis, indicating a significant
difference in detection rates between prostate cancer tissue and other tissues/control
samples.

Prediction Analysis:

False Positive Rate: 0% (O false positives out of 8 predictions)

False Negative Rate: 0% (O false negatives out of 9 predictions)
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DISCUSSION

The results of this evaluation provide valuable insights into the detection system's
effectiveness in identifying prostate cancer tissue. The detection system consistently
triggered for prostate cancer tissue while correctly not triggering for breast cancer tissue and
control samples, demonstrating its specificity. The statistical analysis, specifically Fisher's
Exact Test, indicates a significant difference in detection rates between prostate cancer tissue
and other tissues/control samples, confirming the system's capability to accurately identify
prostate cancer tissue.

The prediction analysis reveals no false positives or false negatives, indicating a strong ability
to correctly identify the presence and absence of prostate cancer tissue. These findings
confirm the system's capability to accurately detect prostate cancer and distinguish it from
other tissues, such as breast cancer and non-cancerous control samples.

NUCLEAR DETECTION ACCURACY

INTRODUCTION

The purpose of this evaluation is to assess the accuracy of the detection system

Accurate detection and triangulation are crucial for applications in national security
and environmental monitoring, where precise location identification of nuclear facilities is

essential.
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METHODOLOGY

Objective:

To assess the accuracy of the detection system

- based on detection device data.

Materials:

Detection system as described in US Patent No. 11,493,494 B2.

Procedure:

=
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Data Collection:

Statistical Analysis:

RESULTS

o  Centrefor
c N' Applied Innovation 106

ATYORK ST JOHN UNIVERSITY



o  Centrefor
c ) Applied Innovation

A Y0R ST IO UNIVESSITY



o  Centrefor
c N' Applied Innovation 108

ATYORK ST JOHN UNIVERSITY



Statistical Analysis:

Descriptive Statistics:

Inferential Statistics:
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Results:

no significant difference between actual and

DISCUSSION

The results of this evaluation demonstrate the detection system's ability t_
with a high degree of accuracy.

were found to
be statistically insignificant, suggesting that the system is capable of accurately identifying the

These findings are critical for applications in national security and environmental monitoring,

detection system's ability to maintain accuracy across _ underscores its
robustness and practical utility in real-world scenarios.
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GENERAL DISCUSSION

SUMMARY OF FINDINGS

This validation report details a comprehensive series of evaluations conducted on the
advanced detection system owned by Base Molecular Resonance™ Technologies, as
described in US Patent No. 11,493,494 B2. The system utilises a sophisticated method of
electromagnetic radiation and resonance frequencies to detect and locate specific substances
with high accuracy both up close and at considerable distances. The evaluations encompassed
multiple domains: Drugs, Gunpowder, Cancer Detection, and Nuclear Materials.

GUNPOWDER DETECTION

The gunpowder detection evaluation consisted of several sub-tests designed to examine the
system's sensitivity and reliability under various conditions:

1. Baseline Detection:

The system's ability to detect a single live 9mm round was evaluated. The detection was
consistently positive across multiple trials, indicating a high sensitivity to gunpowder.

2. Mixed Ammunition Detection:

The system was tested with mixed rounds from different manufacturers and calibres. The
detection remained consistently positive, demonstrating the system's robustness in
identifying various types of ammunition.

3. Detection Through Barriers:

Evaluations were conducted to assess the system's ability to detect gunpowder through
different barriers. The system showed no significant reduction in detection capability when a
wall was placed between the sensor and the ammunition, indicating strong penetration
ability.
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4. Detection in Moving Vehicles:

The system's performance was tested with ammunition in moving vehicles at a distance of
34.5 feet and was 100% accurate from the centreline of the detector at various speeds,
confirming the system's dynamic application potential.

Statistical Analyses:

The results were analysed using Mann-Whitney U and Kruskal-Wallis H tests, confirming
significant differences in detection capability under various conditions. The statistical
robustness underscores the system's reliability and sensitivity in detecting gunpowder.

DRUG DETECTION

The drug detection evaluation included tests to detect specific narcotics such as cocaine,
heroin, and methamphetamine. The system was set to respond specifically to each drug in
individual tests.

1. Cocaine Detection:

- The system detected cocaine at a distance of 20 feet with 100% accuracy, showing no
false positives or false negatives.

- The Mann-Whitney U test confirmed significant detection capability, reinforcing the
system's specificity to cocaine.

2. Heroin Detection:

- Similar to cocaine, the system detected heroin with 100% accuracy at 20 feet, with no
false detections of methamphetamine or cocaine.

- Statistical analysis further confirmed the system's specificity to heroin.
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3. Methamphetamine Detection:

- The system demonstrated high specificity in detecting methamphetamine with 100%
accuracy, with no false detections of heroin and cocaine.

- The p-value from the Mann-Whitney U test was below 0.05, indicating significant
detection capability.

False Positive and Negative Rates:

Across all drug tests, the system showed no false positives or false negatives, highlighting its
precision in substance identification.

CANCER DETECTION

The cancer detection evaluation explored the system's potential in medical diagnostics,
particularly for detecting malignant breast and prostate cancer tissues.

1. Breast Cancer Detection:

- The system was able to detect malignant breast cancer tissues with 100% accuracy,
distinguishing them from control samples and prostate cancer tissues in blind tests.

- Fisher's Exact Test showed a p-value of 0.001, confirming significant detection
capability.

2. Prostate Cancer Detection:

- Similar results were observed for prostate cancer detection, with the system
identifying malignant prostate tissues with 100% accuracy in blind and double-blind
tests while not triggering for breast cancer tissues and control samples.

- Statistical analysis indicated a strong significance, with a p-value of 0.001.

False Positive and Negative Rates:
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The cancer detection tests revealed no false positives or false negatives, demonstrating the
system's high reliability and specificity in medical diagnostics.

NUCLEAR MATERIALS DETECTION

The nuclear detection evaluation focused on the system's ability_

- The results indicated that the system could accurately identify _

- oy iferences betweer

- were found to be statistically insignificant, suggesting an extremely high
level of accuracy.

- Statistical analysis_ confirmed these findings, l

This demonstrates that the system can reliably _ nuclear materials,

which is critical for applications in national security and environmental monitoring. The robust

performance of the system across _ underscores its practical utility and
potential for real-world deployment in ensuring the safety and security_

PRACTICAL IMPLICATIONS

The findings from the evaluations underscore the practical utility of the advanced detection
system in diverse real-world scenarios. Its ability to detect a wide array of substances,
including explosives, drugs, cancerous tissues, and nuclear materials, makes it a versatile tool
for applications in:

e Military, Security and Law Enforcement: The system's high sensitivity and specificity
in detecting explosives and drugs enhance its application in counterterrorism and
border security. Plus, public venues including sports stadiums, concert arenas,
amusement parks, transportation hubs, corporate campuses, educational institutions,
government buildings, military bases, critical infrastructure facilities, as well as the
protection of executive and government dignitaries.
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e Medical Diagnostics: The ability to accurately detect cancerous tissues offers a non-
invasive diagnostic tool that could revolutionise early cancer detection and improve
patient outcomes.

e Nuclear Security: The system's capability to detect _

- critical for nuclear security and environmental safety monitoring, as well as
the detection of potential national security threats involving WMDs and other related
materials/devices.

CONCLUSION

The advanced detection system owned by Base Molecular Resonance™ Technologies
represents a significant technological advancement with broad applications in military,
security, law enforcement, medical diagnostics, and environmental monitoring. The
evaluations confirmed the system's high sensitivity, specificity, and reliability, making it an
extremely valuable tool for enhancing safety and security in various fields. With the
capabilities already validated, this detection system stands as a pivotal innovation, ready to
significantly enhance public safety and health across multiple sectors.
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