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Abstract

This paper introduces vectors to describe logical states. True and
False are respectively represented by and |1⟩ and |0⟩. Then a third
vector logical state is chosen to represent an arbitrary qubit |ψ⟩, said
state being independent of the measurement probabilities for |0⟩ and
|1⟩. The negation of this superposition state gives a fourth vector,
whose properties will be described. This approach gives a set of four
truth vectors with binary coordinates, which allows to use “parallel”
Boole algebras to discover how the classical gates are translated into
novel truth tables.
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1 Introduction

Mathematics for qubits lead to binary results after measurement. We first
wish to build a status preserving this uncertainty, describing the superpo-
sition. We have to choose a unique representative vector for all arbitrary
qubits having two non-zero coordinates.

2 Basic quantum states as a starting point

|0⟩ is renamed F for “False”, |1⟩ is renamed T for “True”.
If we apply a Boole algebra to each coordinate, the result is the same as the
use of a NOT quantum gate: ¬T = F and ¬F = T .
Then we define a new vector M for “Measurable” as follows:

M = |0⟩ + |1⟩

M⃗ =

(
1
1

)
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Measurable means that the result of the measurement is not known, which
describes an arbitrary qubit. The two coordinates equal to 1 expresses that
the measurment may be true or false. M is the representative of all qubits
which are not colinear with |0⟩ nor with |1⟩. The M status can be considered
as a node for exploratory calculations: each possible output T and F can be
tested to anticipate the result of a measurement. Let us define the negation
of M. The quantum NOT gate is equivalent to swapping the coordinates of
a qubit, which results in the following contradiction:

¬M =M

However, if we persist in using two Boole algebras, both coordinates of ¬M
become equal to zero. The negation of M is thus the null vector, renamed N
for "Non measurable".
Since qubits can not have their two coordinates equal to zero, only T, F and
M will have a quantum equivalent.

3 The meaning of “Non measurable”

The fourth vector N describes a state which can not lead to a physical,
dimensional measurement. Many things are non measurable, for example:

• concept, notion, idea, theory,

• undecidable proposition,

• non-contemporary: not yet or no longer,

• non applicable.

A theory without measurement tools belongs to the N status. So N is not only
the null vector, it describes a dimensionless object, whose main characteristic
lays in its name: non measurable. We started with quantum mathematics,
the result is new hybrid paradigm.

4 A set of four truth vectors

The four truth vectors with binary coordinates are defined as follows:

F⃗ =

(
1
0

)
representative of |0⟩

T⃗ =

(
0
1

)
representative of |1⟩

M⃗ =

(
1
1

)
representative of |ψ⟩

N⃗ =

(
0
0

)
unrelated to qubits
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False

True

N F

T M

5 Truth tables

As introduced in section 2, each coordinate is separately processed using the
Boole Algebra, for example:(

1
0

)
+

(
0
1

)
=

(
1 + 0
0 + 1

)
=

(
1
1

)

6 NOT gate truth table

X ¬X

T F

F 0

M N

N M

7 AND gate truth table

AND T F M N

T T N T N

F N F F N

M T F M N

N N N N N

T

F
N
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8 OR gate truth table

OR T F M N

T T M M T

F M F M F

M M M M M

N T F M N

T

F
M

9 The barber paradox

The barber is the “one who shaves all those, and those only, who do not
shave themselves”. The question is, does the barber shave himself? Is the
proposition “the barber shaves himself” true or false?
Two statements will be used, p = “shaves himself” and q = “shaved by the
barber”. In this town, there are 2 categories of men:

A: “shaves himself” is true, so “shaved by the barber” is false
B: “shaves himself” is false, so “shaved by the barber” is true

The barber, belonging to A or B, verifies p and ¬q or ¬p and q. “The barber
shaves himself” is therefore the result of an AND gate: Non measurable.

“shaves himself” is True
“shaved by the barber” is False Non measurable

10 Conclusion

This work investigates first how Boolean algebraic structures can be adapted
to model quantum states, providing a bridge between traditional computing
paradigms and emerging quantum technologies. Mixing quantum states and
two Boole algebras builds a set of four truth vectors which can be manipu-
lated with conventional tools since their coordinates are binary. The addi-
tional possibilities M and N describe statements which belong to the grey
zone and that we face daily in the “real world”. The novel truth gates pave
the way for faster calculations including not yet measured qubits (M) and
theoretical states (N).
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