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ABSTRACT 

Quantum mechanics reveals a reality where uncertainty is not merely epistemic but 

ontological, challenging classical logics that rely on determinacy. We introduce 

neutrosophic logic as a novel framework to formalise this intrinsic indeterminacy. Unlike 

probability or fuzzy systems, neutrosophy treats truth (T), falsity (F), and indeterminacy 

(I) as independent dimensions, enabling a richer representation of quantum superposition, 

entanglement, and measurement collapse. We show that neutrosophic triplets capture the 

undefined yet real state of qubits before observation and provide a coherent description of 

entangled correlations beyond probabilistic models. This approach offers a unifying 

formalism that accommodates both structural indeterminacy and outcome probabilities, 

bridging foundational debates in quantum theory with practical advances in quantum 

computation and information science. By explicitly integrating indeterminacy into 

mathematical modelling, neutrosophy advances our understanding of quantum reality and 

suggests new avenues for experimental validation and quantum technology design.  
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1.   Introduction 

              Quantum uncertainty is one of the most profound 

and defining features of modern physics. Unlike the deterministic 

framework of classical mechanics, where the future trajectory of a 

system can be precisely predicted given initial conditions, quantum 

mechanics reveals a world where outcomes are inherently probabil-

istic and indeterminate [1],[2],[3],[4]. The uncertainty principle 

articulated by Heisenberg illustrates that certain pairs of physical 

quantities, such as position and momentum, cannot be simultane-

ously known with arbitrary precision. Beyond this well-known 

principle, quantum systems exhibit superposition, where a particle 

exists in multiple states simultaneously until measured and entan-

glement, in which particles share correlations that defy classical 

locality. These phenomena suggest that uncertainty in quantum 

mechanics is not merely a product of incomplete knowledge but a 

fundamental characteristic of reality itself [5],[6]. Traditional math-

ematical and logical tools, which presuppose determinacy and bina-

ry truth values, often struggle to adequately capture this intrinsic 

uncertainty. Thus, the challenge remains: how can we model quan-

tum systems in a way that respects both their probabilistic out-

comes and their indeterminate nature before measurement?  

          Neutrosophic theory, introduced by Florentin Smarandache 

in the late 1990s, offers a novel framework to address precisely this 

type of complexity [7],[8],[9]. At its core, neutrosophy generalises 

classical logic by introducing three independent components: truth 

(T), indeterminacy (I), and falsity (F) to describe the state of any 

proposition or system. Unlike classical or fuzzy logic, neutrosophy 

does not require these three values to be complementary or to sum 

to unity [10]. Instead, they are treated as independent, allowing a 

proposition to be simultaneously true, false, and indeterminate to 

varying degrees. This innovation is especially powerful in contexts 

where contradiction and incompleteness coexist, as it provides a 

richer language for describing uncertain and paradoxical states. 

Beyond its philosophical implications, neutrosophic logic has been 

formalised through neutrosophic sets and numbers, which allow 
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independent specification of T, I and F values for each element in a 

system. These tools extend beyond fuzzy or probabilistic models by 

explicitly incorporating indeterminacy, making neutrosophy partic-

ularly suitable for systems characterised by openness, contradic-

tion, and undefined states. 
          Applied to the quantum domain, neutrosophy provides a 

powerful means of conceptualising and quantifying quantum uncer-

tainty [11],[12],[13]. A particle in a superposition of states, such as 

spin-up and spin-down, can be described neutrosophically as being 

partly true (up), partly false (not-up), and partly indeterminate (un-

defined until measurement). This differs fundamentally from prob-

abilistic approaches, which only express likelihoods, and from 

fuzzy approaches, which only allow partial membership values. 

Neutrosophy instead acknowledges that a system may contain in-

trinsic indeterminacy, not reducible to ignorance, but built into the 

structure of quantum reality. Similarly, entangled systems can be 

modelled as coupled neutrosophic triplets, where the indeterminacy 

of one particle is directly linked to that of its partner. In this way, 

neutrosophy not only captures the probabilistic aspects of quantum 

systems but also provides a formal means to represent their onto-

logical indeterminacy. Such a perspective has potential applications 

in quantum computation, where qubits inherently exploit indeter-

minate states; in quantum information theory, where measures of 

entropy and coherence depend on how uncertainty is defined; and 

in quantum interpretation, where debates about the meaning of the 

wavefunction hinge on the role of indeterminacy. 

          This study aims to explore how neutrosophic logic and neu-

trosophic sets can enhance our understanding of uncertainty in 

quantum systems. Specifically, the paper seeks to demonstrate that 

neutrosophy provides a conceptual and mathematical framework 

better aligned with the fundamental nature of quantum mechanics 

than classical probabilistic or binary logics. The objectives are 

fourfold: (1) to articulate the limitations of conventional approach-

es to quantum uncertainty and highlight the unique contributions of 

neutrosophy; (2) to apply neutrosophic principles to key quantum 

phenomena such as superposition, entanglement, and wavefunction 

collapse; (3) to discuss potential applications of neutrosophic mod-

els in quantum computation and information theory; and (4) to con-

sider the broader philosophical and scientific implications of adopt-

ing a neutrosophic perspective in quantum studies. By achieving 

these objectives, the study aspires to contribute not only to the the-

oretical foundations of quantum mechanics but also to practical 

advances in quantum technologies and to ongoing debates about the 

interpretation of quantum reality. 
 

2.   Quantum Uncertainty: Challenges and        

Phenomena 
          Uncertainty lies at the heart of quantum mechanics, shaping 

its formalism and its interpretation. Unlike classical systems, where 

uncertainty often arises from incomplete information or practical 

limitations of measurement, quantum uncertainty is intrinsic and 

structural. The principles of superposition, wavefunction collapse, 

entanglement, and the Heisenberg uncertainty relation all reveal 

that quantum systems resist full determinacy in ways that defy clas-

sical logic. These phenomena pose challenges not only for physical 

theory but also for the logical and mathematical tools we use to 

model them. 

 

2.1.   Superposition 
          One of the most striking features of quantum mechanics is 

superposition [14],[15]. A quantum system can exist in a linear 

combination of basis states, such as a qubit described by the state 

Equation 1: 

∣ψ⟩ = α∣0⟩ + β∣1⟩   (1) 

          Where α and β are complex amplitudes subject to the nor-

malisation condition ∣α∣2 + ∣β∣2 = 1. Unlike classical probabilities, 

which represent uncertainty about which definite state a system 

occupies, superposition represents a genuine co-existence of states 

before measurement. A qubit in superposition is not “sometimes 

∣0⟩” and “sometimes ∣1⟩,” but rather exists simultaneously in both 

states until a measurement is made. 

          These challenges classical notions of truth and falsity. A 

statement such as “the qubit is in state ∣0⟩” is neither wholly true 

nor wholly false while the system is in superposition. Instead, the 

statement has a truth-like weight associated with ∣α∣2 and a falsity-

like weight associated with ∣β∣2, but these do not exhaustively de-

scribe the system. There is also an additional element: the indeter-

minacy inherent in the superposed condition, which cannot be re-

duced to probabilities alone. The system’s true condition remains 

undefined until interaction, highlighting a gap in classical logic that 

neutrosophic reasoning can potentially fill.  

 

2.2.   Measurement and Collapse 

          A central puzzle in quantum mechanics is the measurement 

problem, which arises from the apparent discontinuity between 

unitary evolution and wavefunction collapse [16],[17],[18]. Ac-

cording to the Schrödinger equation, quantum states evolve 

smoothly and deterministically over time. Yet, when an observation 

is made, the wavefunction seems to abruptly “collapse” into one of 

the possible eigenstates associated with the measurement.  

          For example, measuring the state of the qubit above will 

yield either ∣0⟩ with probability ∣α∣2 or ∣1⟩ with probability ∣β∣2. 

After measurement, the superposition vanishes, and the system 

resides in a definite state. This transition raises profound questions: 

was the qubit truly in both states before observation, or was the 

superposition merely a representation of our knowledge? Why does 

the deterministic evolution suddenly give way to a probabilistic 

collapse upon measurement? 

          From a logical perspective, the pre-measurement state resists 

classification. Propositions such as “the qubit is ∣0⟩” cannot be 

neatly labelled as true or false before observation. The outcome 

only becomes definite post-measurement, illustrating that truth 

values in quantum mechanics can be contextual and emergent. 

Classical binary frameworks are insufficient to capture this discon-

tinuity, and even probabilistic descriptions fail to represent the un-

defined nature of the pre-collapse state. 

 

2.3.   Entanglement 
         Perhaps no phenomenon illustrates the strangeness of quan-

tum mechanics more vividly than entanglement [19]. When two or 

more particles interact in such a way that their states become corre-

lated, they can no longer be described independently. Instead, the 

system is represented by a joint wavefunction that encodes their 

inseparability. 

          A simple example is the Bell state as shown in Equation 2: 

∣ Φ⟩+ =  
1

√2
(∣ 00⟩+∣ 11⟩),  (2) 

         Which describes two perfectly correlated qubits. Measuring 

the first qubit immediately determines the state of the second, no 

matter how far apart they are spatially. Einstein famously referred 

to this as “spooky action at a distance,” as it challenges classical 

notions of locality and realism. 

          Entanglement complicates the representation of uncertainty 

in profound ways [20]. For each particle, the state appears maxi-

mally indeterminate: each qubit alone is in a mixed state, offering 

no definite outcome before measurement. Yet, taken together, the 

pair exhibits perfect correlation. This duality of individual indeter-

minacy combined with collective determinacy cannot be adequately 

expressed in conventional logical frameworks. It requires a richer 
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language that can describe how uncertainty is distributed across 

systems, how indeterminacy can exist locally but be resolved non-

locally, and how truth values emerge relationally. 

 

2.4.   Heisenberg’s Uncertainty Principle 
          Finally, the uncertainty principle reveals a structural limita-

tion in quantum systems that has no classical analog [21],[22]. Pro-

posed by Werner Heisenberg in 1927, the principle asserts that 

certain pairs of conjugate variables, such as position (x) and mo-

mentum (p), cannot be simultaneously known with arbitrary preci-

sion as mention in Equation 3: 

Δx. Δp ≥  
ℏ

2
  (3) 

          This inequality does not arise from flaws in measurement 

apparatus or incomplete knowledge; rather, it reflects the mathe-

matical structure of quantum mechanics. Position and momentum 

operators do not commute, meaning that the system itself does not 

possess simultaneous definite values of these properties. Thus, the 

uncertainty principle captures a structural indeterminacy, not an 

epistemic one. 

          The implications are far-reaching. A particle does not have a 

sharply defined trajectory in space-time; instead, it exists in a 

spread of possibilities constrained by the uncertainty relation. Clas-

sical reasoning, which assumes that an object must have well-

defined properties at all times, is insufficient for describing such 

systems [23]. Logical frameworks that insist on binary truth values, 

“the particle has a precise position” or “the particle does not”, can-

not represent the reality of a particle that fundamentally lacks such 

precision. 

 

3.   Quantum Uncertainty: Challenges and        

Phenomena 
          Uncertainty has been a central topic of inquiry in both sci-

ence and philosophy for centuries. Long before the advent of quan-

tum mechanics, mathematicians and logicians developed tools to 

model unpredictability, vagueness, and incomplete knowledge. 

Classical probability theory, fuzzy logic, and intuitionistic fuzzy 

logic represent three of the most influential frameworks for captur-

ing different forms of uncertainty. Each of these approaches has 

proven highly valuable in domains ranging from statistics and en-

gineering to artificial intelligence and decision theory. However, 

when applied to quantum systems, they exhibit fundamental limita-

tions. Quantum uncertainty is not simply a matter of incomplete 

information or linguistic vagueness; it is structural and ontological, 

embedded in the very fabric of quantum states. In this section, we 

examine the strengths and shortcomings of these traditional ap-

proaches, highlighting why they cannot fully capture the indetermi-

nacy inherent in quantum mechanics. 

 

3.1.   Classical Probability 
          Classical probability theory provides a rigorous framework 

for quantifying uncertainty about outcomes [24]. Based on the axi-

oms formulated by Kolmogorov, probability describes uncertainty 

as a measure over a sample space of possible outcomes [25]. Each 

outcome is assumed to exist as a definite state of the world, even if 

the observer does not know which state has occurred. For example, 

the probability of rolling a six on a fair die is 1/6. The die will, in 

fact, land on one of the six faces; the probability distribution re-

flects the observer’s ignorance of which particular outcome will 

occur before the roll. 

          In many areas of science and engineering, probability theory 

offers a powerful and reliable language for prediction and infer-

ence. In classical statistical mechanics, for instance, probabilities 

describe ensembles of particles, allowing predictions about macro-

scopic properties such as temperature and pressure even when the 

exact microstates are unknown. 

          However, in the context of quantum mechanics, classical 

probability fails to capture the depth of indeterminacy. A quantum 

particle in a superposed state is not in a definite, hidden configura-

tion that the observer is ignorant of. Rather, before measurement, 

the system genuinely lacks a single determinate value for the ob-

servable. When we assign probabilities to measurement outcomes, 

such as ∣α∣2 and ∣β∣2 in a qubit state, these do not represent igno-

rance about an underlying truth but reflect the structure of potenti-

ality itself. This ontological indeterminacy cannot be fully repre-

sented within the Kolmogorov framework, which presumes the 

existence of well-defined states. Thus, while probability theory is 

indispensable for predicting quantum outcomes, it is conceptually 

inadequate for modelling the undefined pre-measurement reality of 

quantum systems. 

 

3.2.   Fuzzy Logic 
          To move beyond the rigid binaries of classical logic, fuzzy 

logic was introduced by Lotfi Zadeh in 1965 [26],[27]. Fuzzy logic 

allows propositions to hold partial truth values, ranging continuous-

ly between 0 and 1. For example, the statement “the temperature is 

hot” may be 0.7 true and 0.3 false. This framework has been partic-

ularly effective in modelling vagueness and imprecision, especially 

in fields like natural language processing, control systems, and 

approximate reasoning. 

          Fuzzy sets generalise classical sets by assigning each element 

a membership function that indicates the degree to which the ele-

ment belongs to the set. This allows for smooth representation of 

boundaries, in contrast to the sharp distinctions of classical sets. In 

practical applications, fuzzy logic has proven extremely useful, 

offering robust tools for systems where data is imprecise or linguis-

tic categories are subjective. 

          Yet, fuzzy logic remains insufficient for quantum uncertain-

ty. The key limitation is that fuzzy logic presupposes a complemen-

tarity between truth and falsity: the more a statement is true, the 

less it is false, and vice versa. Even though the values need not be 

binary, they are still constrained within a single continuum. Quan-

tum mechanics, however, presents situations where a proposition is 

not merely partially true and partially false but also fundamentally 

indeterminate, a state not captured by fuzzy membership functions. 

For example, in a quantum superposition, the proposition “the par-

ticle is in state A” cannot be described simply as 0.5 true and 0.5 

false, because the system is not in any definite state until measure-

ment. There is a dimension of undefinedness that fuzzy logic does 

not accommodate. 

          In short, fuzzy logic is well-suited for vagueness but not for 

indeterminacy. Vagueness arises when boundaries are unclear, as in 

linguistic or perceptual categories. Indeterminacy, by contrast, aris-

es when the state itself does not exist until defined by interaction. 

Quantum mechanics belongs to the latter case, requiring a frame-

work that explicitly incorporates undefinedness as an independent 

category. 

 

3.3.   Intuitionistic Fuzzy Logic 
          To address some of the shortcomings of fuzzy logic, intui-

tionistic fuzzy logic was introduced by Krassimir Atanassov in the 

1980s [28]. Intuitionistic fuzzy sets extend fuzzy sets by including 

three components: a degree of membership (truth), a degree of non-

membership (falsity), and a degree of hesitation (incompleteness). 

The hesitation component accounts for the fact that in many cases, 

the sum of membership and non-membership does not fully capture 

the situation; there may be uncertainty about the degree to which an 

element belongs to a set. 
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          This framework represents a significant improvement over 

classical fuzzy logic, as it acknowledges that information can be 

incomplete or conflicting. Intuitionistic fuzzy logic has found ap-

plications in decision-making, risk analysis, and multi-criteria eval-

uation, where hesitation is a natural part of the process. 

          Nevertheless, intuitionistic fuzzy logic still interprets hesita-

tion in an epistemic sense. That is, hesitation reflects the observer’s 

lack of knowledge about the system, not the system’s inherent inde-

terminacy. In other words, hesitation exists because the available 

information is incomplete, not because the state itself is undefined. 

In quantum mechanics, however, the indeterminacy is not epistem-

ic but ontological. The system itself lacks a definite state until 

measured. No matter how much additional information one might 

acquire, the pre-measurement state remains fundamentally indeter-

minate. Intuitionistic fuzzy logic, therefore, remains inadequate for 

capturing the essence of quantum uncertainty. 

 

4.   Neutrosophy as a Novel Approach to            

Uncertainty 
     Neutrosophy was conceived as a philosophical and logical 

framework to deal with incomplete, contradictory, and indetermi-

nate information. The term derives from neuter (neutral, neither 

one extreme nor the other) and sophia (wisdom), reflecting its goal 

of transcending binary oppositions such as truth/falsehood. 

At its core, neutrosophy asserts that every proposition or state is 

characterised by three independent degrees: 

Truth (T): the extent to which the proposition is true. 

Falsity (F): the extent to which the proposition is false. 

Indeterminacy (I): the extent to which the proposition is indeter-

minate, undefined, or undecidable. 

          Each of these values is expressed within the real standard or 

non-standard interval [0, 1], although Smarandache’s generalisation 

even allows them to take values beyond conventional bounds (e.g., 

“overtruth”  > 1, or “underfalsity” <  0) to model paradoxical or 

extreme situations. Unlike in probability or fuzzy logic, the sum of 

T, I, and F is not required to equal 1. This absence of a normalisa-

tion constraint reflects the recognition that truth, falsity, and inde-

terminacy can coexist in complex ways. 

          This independence of components is crucial. For instance, a 

statement may simultaneously be 0.7 true, 0.4 false and 0.2 inde-

terminate. In such a case, the values overlap, capturing contradic-

tions and incompleteness that classical, fuzzy, or intuitionistic 

logics cannot adequately represent. 

          In philosophy, this move corresponds to the recognition that 

human reasoning and natural systems often exhibit paradoxes, un-

certainties, and gaps. In physics, it provides a formal tool to model 

quantum superposition, collapse and entanglement, where truth 

values are neither fully determined nor mutually exclusive. 
 

4.1. Mathematical Representation 
          Formally, neutrosophic sets generalise fuzzy and intuition-

istic fuzzy sets by introducing three membership functions instead 

of one or two. Let U be a universe of discourse. A neutrosophic set 

‘A’ in ‘U’ is defined as in Equation 4: 

𝐴 =  {〈𝑥, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)〉: 𝑥 ∈ 𝑈}  (4) 

Where: 

TA(x) is the degree of truth of x belonging to A, 

IA(x) is the degree of indeterminacy of x belonging to A and 

FA(x) is the degree of falsity of x belonging to A. 

         Each of these functions’ maps from U to the interval [0,1]. 

Importantly, there is no requirement that TA(x) + IA(x) + FA(x) = 1; 

instead, we only have the condition as in Equation 5: 

0 ≤ 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥) ≤ 1  (5) 

          This flexibility makes neutrosophic sets capable of represent-

ing contradictions and overlapping states.  

Example: 

          Consider a qubit in the state ∣ψ⟩ = α∣0⟩ + β∣1⟩, where ∣α∣2 + 

∣β∣2 = 1. If we ask whether the qubit is in state ∣0⟩, a neutrosophic 

model might assign as in Equation 6: 

T = ∣α∣2 & F = ∣β∣2  (6) 

          I = a nonzero value representing the indeterminacy of the 

system before measurement. 

          Unlike probability, which forces all uncertainty into a nor-

malised distribution between outcomes, neutrosophy captures the 

indeterminacy dimension that persists until measurement collapses 

the state. 

 

5.   Neutrosophic Representation of Quantum    

Systems 
          Building on the foundations of neutrosophy, we now illus-

trate how quantum systems can be represented using neutrosophic 

logic and sets. This approach treats T, F and I as independent com-

ponents, providing a framework for modelling quantum states that 

are fundamentally uncertain before measurement. We discuss three 

central phenomena: superposition, entanglement and measurement 

collapse, demonstrating how neutrosophic logic captures their in-

trinsic indeterminacy. 
 

5.1.   Superposition States 
          Consider a single qubit in a superposition state in Equation 7: 

∣ψ⟩ = α∣0⟩ + β∣1⟩  (7) 

          Where ∣α∣2 + ∣β∣2 = 1 ensures normalisation. Classical proba-

bility theory interprets ∣α∣2 and ∣β∣2 as the likelihoods of measuring 

the qubit in states ∣0⟩ or ∣1⟩, respectively. While this probabilistic 

interpretation predicts measurement outcomes, it does not capture 

the ontological nature of the superposition: before measurement, 

the qubit is not in any definite state and its “truth value” relative to 

a particular basis is undefined. 

          Neutrosophically, the pre-measurement state can be repre-

sented as a triplet (T, I, F) for each basis state. For example, with 

respect to ∣0⟩ as mentioned in 8: 

T(∣0⟩) = ∣α∣2, F(∣0⟩) = ∣β∣2, I(∣0⟩) ≠ 0   (8) 

          Here, T(∣0⟩) represents the degree to which the qubit can be 

considered true in state ∣0⟩, F(∣0⟩) the degree to which it is false, 

and I(∣0⟩) represents the residual indeterminacy inherent to the 

superposition. This framework explicitly accounts for the fact that 

before measurement, the qubit is neither purely ∣0⟩; it exists in a 

state that is fundamentally undefined with respect to classical truth 

assignments. 

          By modelling superposition in this way, neutrosophy cap-

tures both the probabilistic and indeterminate aspects of quantum 

states. Unlike probability distributions, which collapse uncertainty 

into likelihoods alone, the neutrosophic triplet preserves the onto-

logical indeterminacy that is essential to quantum mechanics. This 

allows for a richer and more accurate representation of the system 

before observation. 
 

5.2.   Entangled Systems 
          Entanglement presents a particularly challenging case for 

classical and even probabilistic frameworks, as the states of indi-

vidual particles cannot be described independently. Consider the 

Bell state as shown in Equation 9: 

∣ Φ+⟩ =  
1

2
(∣ 00⟩+∣ 11⟩)  (9) 

          In this entangled state, neither qubit possesses a definite in-

dividual state before measurement. The measurement of one qubit 

instantaneously determines the state of the other, regardless of spa-
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tial separation, highlighting the nonlocal correlations that are a 

hallmark of quantum mechanics. 

          A neutrosophic approach models entanglement by assigning 

correlated truth, falsity and indeterminacy values to each particle. 

For the first qubit, we might define as shown in Equation 10: 

T(∣0⟩1) = 0.5, F(∣0⟩1) = 0.5, I(∣0⟩1) ≠ 0  (10) 

          The second qubit exhibits a similar triplet. Crucially, the 

indeterminacy components I(∣0⟩1) and I(∣0⟩2) are linked, reflecting 

the shared unresolved state of the entangled pair. Only when a 

measurement is performed does the indeterminacy resolve, simul-

taneously collapsing the state of both qubits.  

          Neutrosophic representation is particularly powerful here 

because it accommodates the simultaneous existence of partial 

truth, falsity and indeterminacy while maintaining correlations be-

tween entangled subsystems. Classical probability can capture out-

come correlations but cannot represent the pre-measurement inde-

terminacy; fuzzy or intuitionistic fuzzy logic captures partial truth 

but either conflates indeterminacy with lack of knowledge or re-

stricts the independence of T, F and I. Neutrosophy, by contrast, 

naturally expresses the indeterminate yet correlated nature of en-

tangled states. 
 

5.3.   Measurement Collapse 
          The process of measurement in quantum mechanics is often 

described as wavefunction collapse marks the transition from inde-

terminate superpositions to definite outcomes. In neutrosophic 

terms, this can be interpreted as a reduction of indeterminacy ac-

companied by a corresponding increase in truth or falsity as men-

tioned in Equation 11: 

I→0, T→1or F→1  (11) 

          For instance, measuring a qubit in the ∣0⟩/∣1⟩ basis results in 

one outcome being fully realised (T = 1) and the other fully falsi-

fied (F = 1), with the indeterminacy I dropping to zero. This per-

spective allows collapse to be understood not as a sudden elimina-

tion of possibilities but as the resolution of intrinsic indeterminacy 

into a determinate state. 

          This interpretation offers several conceptual advantages: 

 Continuity of Modelling: Unlike classical logic, which 

cannot accommodate the intermediate superposed state, 

neutrosophy provides a smooth transition from indetermi-

nacy to determinacy. 

 Explicit Representation of Quantum Features: Inde-

terminacy I is treated as a real, independent component 

rather than a surrogate for ignorance. 

 Compatibility with Probabilities: The degrees of truth 

and falsity remain aligned with measurement probabili-

ties, ensuring that the neutrosophic model is physically 

meaningful. 

          Applied to entangled systems, measurement collapse is rep-

resented as a simultaneous resolution of indeterminacy across cor-

related particles, preserving the nonlocal correlations characteristic 

of quantum mechanics. This unified framework thus integrates 

probabilistic outcomes, ontological indeterminacy, and correlation 

structure in a single, coherent model. 

 

6.   Broader Role of Neutrosophy in Quantum 

Mechanics 
          The application of neutrosophy extends beyond formal mod-

elling of quantum states; it also provides a conceptual and mathe-

matical framework that can inform interpretations of quantum me-

chanics, quantum decision theory and quantum information sci-

ence. By explicitly incorporating indeterminacy as a distinct di-

mension, neutrosophic logic offers new ways of understanding, 

reasoning, and engineering in domains where uncertainty is funda-

mental. 
 

6.1.   Interpretations of Quantum Theory 
          Quantum mechanics has long been accompanied by philo-

sophical debates regarding the nature of reality, measurement, and 

determinacy. Different interpretations propose varying mechanisms 

for the emergence of definite outcomes, each of which can be en-

riched by a neutrosophic perspective. In the Copenhagen interpreta-

tion, the act of measurement causes the wavefunction to collapse, 

producing a single realised state. Neutrosophy provides a natural 

formalism for this process: before measurement, the quantum sys-

tem is represented with significant I ≠ 0, and the collapse corre-

sponds to a reduction of I to zero, with T or F attaining a definitive 

value. 

          The Many-Worlds interpretation envisions all potential out-

comes as actualised across branching universes. In neutrosophic 

terms, each branch can be associated with distinct truth and falsity 

values, while global indeterminacy persists across the multiverse. 

This allows for a quantitative representation of coexistence and 

uncertainty across parallel branches, reflecting the simultaneous 

realisation of multiple possibilities without collapsing indetermina-

cy in any absolute sense. 

          For objective collapse theories, which propose that indeter-

minacy resolves dynamically over time due to intrinsic physical 

processes, neutrosophic logic can model the gradual reduction of I 

while updating T and F values correspondingly. In each interpreta-

tion, neutrosophy offers a formal mechanism for tracking the evo-

lution of indeterminacy, providing a bridge between abstract philo-

sophical ideas and precise mathematical representation.  
 

6.2.   Quantum Decision Theory 

          Quantum systems are increasingly studied in the context of 

decision-making under uncertainty, particularly in quantum game 

theory, cognitive modelling, and adaptive algorithms. Traditional 

probabilistic models often suffice for calculating expected out-

comes, but they do not capture the fundamental indeterminacy that 

may influence strategies or behaviours. Neutrosophic logic enriches 

this domain by representing not only the likelihood of different 

outcomes but also the intrinsic indeterminacy associated with each 

option. 

          For instance, in quantum games, a player’s decision can be 

affected by superposed or entangled states. Modelling these states 

neutrosophically allows for a three-dimensional assessment of each 

strategy: the degree to which it is advantageous, disadvantageous, 

and indeterminate before measurement or outcome realisation. This 

richer representation can enhance the formulation of quantum deci-

sion rules, improve predictions of behaviour in quantum-influenced 

environments, and provide insights into cognitive processes that 

exploit quantum-like uncertainty. By incorporating indeterminacy 

as an explicit parameter, neutrosophy enables decision-theoretic 

models that are more aligned with the ontological nature of quan-

tum uncertainty. 
 

6.3.   Quantum Information Science 
          Quantum information science relies fundamentally on man-

aging uncertain and superposed states. Applications such as quan-

tum error correction, cryptography, and algorithm design require 

precise handling of probabilistic outcomes while simultaneously 

accounting for indeterminate aspects of qubits or quantum registers. 

Neutrosophic logic offers a potentially valuable tool for these tasks 

by providing a structured way to quantify and manipulate truth, 

falsity and indeterminacy. 

          In quantum error correction, for example, neutrosophic sets 

can represent not only the probability of error occurrence but also 
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the residual indeterminacy of a qubit’s state after partial correction. 

In cryptographic protocols, such as quantum key distribution, neu-

trosophy can model the indeterminate state of eavesdropping at-

tempts or uncertainties in entangled qubits, providing a more nu-

anced measure of security risk. Likewise, in algorithm design, in-

corporating indeterminacy explicitly can aid in optimising opera-

tions on superposed or entangled registers, enhancing both efficien-

cy and fault tolerance. Across these applications, neutrosophy pro-

vides a formal and computationally tractable way to integrate fun-

damental quantum uncertainty into the design, analysis, and im-

plementation of quantum technologies. 

 

7.   Challenges and Future Directions 
          While neutrosophic logic provides a powerful framework for 

representing quantum uncertainty, its integration into mainstream 

quantum mechanics and experimental practice faces several chal-

lenges. Addressing these issues is essential for advancing both the 

theoretical foundations and practical applications of neutrosophy in 

quantum science. 

          Formal Integration with Hilbert Spaces: Quantum me-

chanics is rigorously formulated within the mathematical structure 

of Hilbert spaces, where states are represented by vectors and ob-

servables by linear operators. To fully incorporate neutrosophic 

logic, it is necessary to develop a formal mapping between neutro-

sophic sets and the Hilbert space formalism. This involves defining 

how the neutrosophic components T, F and I correspond to vector 

amplitudes, density matrices, or probability distributions derived 

from quantum states. A successful integration would allow neu-

trosophy to complement the existing formalism without violating 

fundamental principles such as unitarity, superposition, and entan-

glement. Such a formalism could also enable computational im-

plementations in quantum algorithms, simulations, and error-

corrected systems, bridging the gap between abstract neutrosophic 

reasoning and standard quantum mechanics. 

          Operational Meaning of Indeterminacy: While neu-

trosophy provides a philosophically rich notion of indeterminacy, 

assigning it a precise operational meaning remains an open chal-

lenge. To be useful in physical models, indeterminacy must be 

connected to measurable or calculable quantities. Potential avenues 

include linking I to decoherence rates, quantum entropy or the con-

textuality of observables. For example, indeterminacy could be 

formalised as a function of the coherence length in a superposed 

state or the entropy associated with entangled subsystems. Estab-

lishing such links would not only clarify the physical interpretation 

of I but also allow neutrosophic models to produce experimentally 

testable predictions, thereby grounding philosophical constructs in 

quantitative science. 

          Experimental Relevance: A critical step for the broader 

adoption of neutrosophy in quantum mechanics is demonstrating its 

empirical relevance. Experimental protocols such as weak meas-

urements, quantum tomography or delayed-choice experiments 

offer promising platforms for testing neutrosophic predictions. For 

instance, weak measurement techniques allow partial information 

to be extracted from quantum systems without full collapse, provid-

ing a natural context for measuring residual indeterminacy. Similar-

ly, delayed-choice experiments could reveal how pre-measurement 

indeterminacy influences correlations in entangled systems. By 

designing experiments specifically to probe the independent com-

ponents T, F, and I, researchers can validate the predictive power 

of neutrosophic models and potentially uncover new quantum phe-

nomena that conventional probabilistic or fuzzy frameworks cannot 

fully capture. 

 

7.   Conclusion 

          Our results demonstrate that neutrosophic logic provides a 

fundamentally new language for describing quantum systems, one 

that directly encodes ontological indeterminacy rather than reduc-

ing it to ignorance or vagueness. By applying neutrosophy to su-

perposition, entanglement, and wavefunction collapse, we establish 

a framework that complements Hilbert space formalism while ex-

tending its interpretive power. This perspective has implications not 

only for the foundations of quantum theory but also for the design 

of algorithms, error correction, and decision-making in quantum 

information science. Future integration of neutrosophic models 

with experimental platforms such as weak measurements and quan-

tum tomography could yield testable predictions that distinguish 

neutrosophic representations from classical probabilistic approach-

es. More broadly, embracing indeterminacy as an explicit dimen-

sion may reshape how uncertainty is modeled across physics, 

mathematics, and computation, offering a step toward a more com-

plete understanding of quantum reality. 
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