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1. Introduction

Some things cannot be measured. As of yet, one of these things is has been the state of a quanton, an
entity which exhibits quantom properties. In quantum mechanics, certain properties of quantons, such as
energy and position, exist not as well-defined numbers but instead as properties that cannot be read from
the particles without somehow influencing the state. We wish to prove that it is impossible to determine
the state of a quanton. It is logically impossible to prove that something is impossible, but we are close to
certain that nothing can travel faster than the speed of light. So instead of showing that it’s impossible to
determine the state of a quanton from the quanton itself this paper will summarize a connection between
quantum mechanics and special relativity: If it were possible to determine the polarization state of a (linearly
polarized) photon from the photon itself, then it would be possible to transmit information faster than the
speed of light.

2. Associated Physics

Photons are the smallest single unit of transverse electromagnetic waves. All waves oscillate, and electro-
magnetic waves typically oscillate within a plane perpendicular to their direction of motion. This is called
linear polarization. Other electromagnetic waves maintain constant amplitude but rotate around their direc-
tion of motion and are called circular waves. Elliptical waves are a combination of the two. For simplicity,
this paper will address only linearly polarized electromagnetic waves. Circular and elliptical waves can be
represented with complex numbers for which the underlying mathematics is the same.

Counter-intuitively, the direction of polarization can be measured only along one-axis. Suppose for ex-
ample that one were to shoot a photon between polaririzer vertical polarizer consiting of several thin,
closely-placed horizontally-oriented metal rods1. If the photon’s electric field was in a plane parallel to the
rods the photon’s electric field would push the electrons around and reflect itself. The electrons are confined
to the rod, so if the photon’s electric was is a plane perpendicular to the rods the electrons would be pre-
vented from moving in the direction of the electric field, they would not interact and the photon would be
transmitted through the rods. The reflected light is considered to be horizontally polarized, the transmitted
light vertically polarized.

The polarizer in the above paragrapm reflects horizontally-polarized light and transmits vertically polar-
ized light. For the purposes of this paper, this will be called a horizontal polarizer or a vertically-oriented
polarizer. PLease understand that a linearly polarized photon can, be oriented in any direction perpendicular
to its direction, not just vertically or horizontally, but often quantum properties simplifies things. When the
direction of a photon’s polarization is measured (in this case by the polarizer) in the vertical or horizontal
direction the previous state is erased and the light becomes either vertically polarized or horizontally polar-
ized. One can calculate the probability of whether light oriented at a particular angle will be transmitted
with vertical polarization of reflected with horizontal polarization, but the previous state will be erased and
replaced with one of these. There is no in-between after the measurement.

3. Terminology

This paper will use standard Dirac notation to write the states of the photons. The vectors describing
vertical and horizontal polariation written V and H respectively describe an orthonormal base set for the
vector space of all photons and polarizers oriented at an angle θ from the horizontal2 by H cos θ + V sin θ.
We can operate on these vectors using the inner product

Definition 1. The inner product is of two vectors α = aH + bV , β = cH + dV is defined

〈α|β〉 = ac̄+ bd̄

Where c̄ and d̄ are the complex conjugates of c and d respectively3. This gives us the following definitions

1Metal rods this thin do not actually exist. Instead, polarizers most commonly use long molecular chains, such as Stretched
Polyvinyl Alcohol that absorb light polarized in a particular direction. Crystals that take advantage of varying indices of
refraction may also be used when it is necessary to split light of different polarizations without loss of light.

2As noted earlier, circular and elliptical orientations can be described with complex numbers without substantially affecting

the associated mathematics. For simplicity, this paper will deal only with vertically polarized photons and their associated
numbers.

3Since we are using real numbers, the complex conjugate is technically unnecessary. This is the standard form used in

quantum mechanics and allows the results of this proof to be more-easily generalized to complex values.
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Definition 2. The state of a single photon is called a qubit or 1-qubit. A vector α of the form α = aV + bH
is qubit if it is a unit vector. That is,

|〈α|α〉| = 1

Similarly the “1-qubit” space is the space of all 1-qubit states.

Definition 3. The 1-qubit space is defined as the vector space of all 1-qubit states.

By observing quantons’ behavior it has been observed that while a particular polarization cannot be
predicted unless the polarizer is exactly alighed or perpendicular to the incoming photon it is possible to
predict the probability of particular outcomes.

Observed Fact 1. If a photon with state α enter an ideal polarizer4 of orientation β the probability it will
be transmitted can be found by P (α, β) = |〈α|β〉|2

3.1. 2-qubit states. A 2-qubit state describes the state of two photons. We can use definitions analygous
to those used in the 1-qubit space.

Definition 4. The 2-qubit state γ of two photons in 1-qubit states α = aH + bV and β = cH + dV is

γ = α⊗ β = acH ⊗H + adH ⊗ V + bcV ⊗H + bdV ⊗ V

Definition 5. The 2-qubit inner product is for a qubit with state γ = aH ⊗H + bH ⊗V + cV ⊗H + dV ⊗V
and qubit δ = eH ⊗H + fH ⊗ V + gV ⊗H + hV ⊗ V is

〈γ|δ〉 = ae+ bf + cg + dh

Definition 6. The vector space of the state of two photons is the set of all unit 2-qubit states. That is, all
2-qubit states γ = aH ⊗H + bH ⊗ V + cV ⊗H + dV ⊗ V such that

|〈γ|γ〉| = 1

However, not all 2-qubit states can be written as the tensor product of two 1-qubit states. For example,
the state ε = 1√

2
H ⊗H + 1√

2
V ⊗ V is a valid 2-qubit state because |〈ε|ε〉| = 1, but can’t be written as the

tensor product of two 1-qubit states. These two photons in state ε are said to be entangled. That is, their
combined state cannot be written as the tensor product of seperate 1-qubit states.

Observed Fact 2. The probability that a pair of photons 1 and 2 in the 2-qubit state γ, when measured by
a device Rδ⊗ε that reads the polarization of photon 1 in the δ direction and photon 2 in the ε is

P (0, 0) = |〈δ ⊗ ε|γ〉|2

Similarly, the probability that the polarization of photon 1 is in the δ⊥ direction and photon 2 is in the ε is
denoted

P (1, 0) = |〈δ⊥ ⊗ ε|γ〉|2

And similarly for
P (0, 1) = |〈δ⊗ε⊥|γ〉|2

P (1, 1) = |〈δ⊥ ⊗ ε⊥|γ〉|2

When two photons are not engangled so that photon 1 is in the α state and photon 2 is in the β state,
these expressions simplify.

P (0, 0) = |〈α|δ〉|2|〈β|ε〉|2

P (1, 0) = |〈α|δ⊥〉|2|〈β|ε〉|2

P (0, 1) = |〈α|δ〉|2|〈β|ε⊥〉|2

P (1, 1) = |〈α|δ⊥〉|2|〈β|ε⊥〉|2

Note: You may notice that the device used is written as the tensor product of two polarizers’ orientations
whereas the photons’ state is written as a 2-qubit state. This is because no one has yet invented a pair of
entangled polarizers.

4Stating the orientation of a polarizer is somewhat ambiguous. For the purposes of this paper a vertically oriented polarizer

because a polarizer with molecules aligned vertically reflects vertically-polarized photons and transmits horizontally-oriented
photons. A vertical polarizer transmits vertically-oriented photons and reflects horizontally-polarized photons. The polarizer

mentioned here is a β-oriented polarizer, not a polarizer oriented in the |beta direction.
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Now instead suppose that just one of the two photons is read. If the two photons are not entangled then
reading the first photon cannot alter the state of the second. If, however the two photons are entangled
and the first photon is read in the θ direction then the first photon must enter a state of either θ or θ⊥.
An entangled state, by definition, is one in which the state of neither photon is known so knowing the state
of the first photon means that the two are no longer entangled. Thus, the second photon is not in a new
disentangled state which we can call σ. This process is called quantum teleportation, because performing
an action on one photon instantaneously affects the state of the other. Of course, since we have no way
of directly observe the state of a photon it is impossible to prove that the second photon actually enters
a different state but pretending that the photon does enables us to make accurate predictions about the
behavior of particles. We will now show that it is possible to define such a state σ. This is not shown in the
paper, so I will do so here.

To quantify this situation, suppose two photons are read by two devices, one after another. This assump-
tion simplifies notation and causality, and does not affect the mathematics in any way. The first device will
read either 0 or 1. Suppose without loss of generality that it reads 0. We wish to determine the P ′(0, 0),
the probability that the second device will also read 0 given that precondition the first device reads 0. In
that case we can apply probabilistic reasoning. The probability of event B occurring given that event A has
already occurred is [P (A and B)]/P (A). In this case, event A is the first particle reading 0 and event B is
the second particle reading 0. This yields the following equation

P ′(0, 0) =
P (0, 0)

P (0, 0) + P (0, 1)

To understand it, suppose that the photons begin in a state γ = aH ⊗H + bH ⊗ V + cV ⊗H + dV ⊗ V and
the first photon is read by a device Rδ followed by the second photon being read by a device Rε

5. Suppose
that δ = eH + fV and that ε = gH + hV . Plug these into the previous equation.

P ′(0, 0) =
|〈δ ⊗ ε|γ〉|2

|〈δ ⊗ ε|γ〉|2 + |〈δ ⊗ ε⊥|γ〉|2

Plug inthe values for δ, ε, and γ to simplify |〈δ ⊗ ε|γ〉|2.

|〈δ ⊗ ε|γ〉|2 = |〈egH ⊗H + ehH ⊗ V + fgV ⊗H + fhH ⊗H|aH ⊗H + bH ⊗ V + cV ⊗H + dV ⊗ V 〉|2

|〈δ ⊗ ε|γ〉|2 = |aeg + beh+ cfg + dfh|2

ε⊥ = −hH + gV so similarly,

|〈δ ⊗ ε⊥|γ〉|2 = | − aeh+ beg − cfh+ dfg|2

We now have an expression for P ′(0, 0) in terms of the variables

P ′(0, 0) =
|aeg + beh+ cfg + dfh|2

|aeg + beh+ cfg + dfh|2 + | − aeh+ beg − cfh+ dfg|2

To evaluate this, let’s look at an entirely different equation. We are attempting to determine σ, which is
the state the second photon assumes after the first photon is read to be in the 0 state. Define the function
Rx(s) as the probability that a reader oriented in the x direction reading a photon of state s will return the
value 0. Let σ = iH + jV . σ can be anything so long as it satisfies the expression

P ′(0, 0) = Rε(σ)

Expanding out the right side of this equation yields

P ′(0, 0) = |〈ε|σ〉|2 = |〈gH + hV |iH + jV 〉|2 = |gi+ hj|2

Combine this with the previous expression for P ′(0, 0) to get

|aeg + beh+ cfg + dfh|2

|aeg + beh+ cfg + dfh|2 + | − aeh+ beg − cfh+ dfg|2
= |gi+ hj|2

If we can find an i and j satisfying this equation then it is possible to treat the state of the second photon
after reading the first photon as 0 as in a state σ.

5In actuality it is irrelevent when, where or in what order the photons are read.
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|g(ae+ cf) + h(be+ df)|2

|g(ae+ cf) + h(be+ df)|2 + |g(be+ df) + h(−ae− cf)|2
= |gi+ hj|2

Try σ = 〈i|j〉 = 〈ae+ cf |be+ df〉. We know that 〈i|j〉 and 〈g|h〉 are both unit vectors. By performing some
simple algebra

1 = (i2 + j2)(h2 + g2)

1 = g2i2 + h2j2 + g2j2 + h2i2

1 = g2i2 + 2gihj + h2j2 + g2j2 − 2gjhi+ h2i2

1 = |gi+ hj|2 + |gj − hi|2

|gi+ hj|2 = |gi+ hj|2(|gi+ hj|2 + |gj − hi|2)

|g(i) + h(j)|2

|g(i) + h(j)|2 + |g(j)− h(i)|2
= |gi+ hj|2

We get
|g(ae+ cf) + h(be+ df)|2

|g(ae+ cf) + h(be+ df)|2 + |g(be+ df) + h(−ae− cf)|2
= |gi+ hj|2

This satisfies the condition stated above. In other words, if we treat the second photon as in a state σ it will
behave predictably, in agreement with experiments.

Special relativity, on the other hand, dictates that information cannot be transmitted faster than the
speed of light. Logically, nothing can be known to be impossible, but the last century of theoretical physics
is essentially based on this idea. We have an associated axiom.

Axiom 1. Information cannot be transmitted at a rate faster than the speed of light.

The usefulness of this one will become apparent later.
So even though it is possible to cause instantaneous changes in entangled quantons’ states at a distance

these changes cannot be used to transmit information because that would violate special relativity. This
principle will be used in the following proof.

4. Primary Proof

Steven McAdam’s paper shows that it is impossible to determine the state of a photon unless it is already
known[1].

We must be careful here in defining what it means to “already know” the state of a photon. If a photon
travels through a polarizer of orientation θ then we know it must be in a state θ. If it is reflected then it must
be in a state θ⊥. This proof is not addressing those states, but rather the state the photon was in before
it entered the polarizer. The reflected photon just mentioned must not have been in a state θ⊥ because
P (θ|θ⊥) = |〈θ|θ⊥〉|2 = 0. The photon could have been in any other state, and because the photon is not in
a state θ it is impossible to read it again to eliminate other possibilities. One clearly cannot tell the state of
a photon just by reading it. This proof will show that there is no possible as-of-yet undiscovered method of
determining the state of a photon by observing it.

Of course, as it is logically impossible to show something to be impossible the proof instead shows that
if one could determine the state of a photon by reading it then it would be possible to transmit information
faster than the speed of light. This proof will proceed by contradiction: Suppose that one could extract
information about the state of a photon, then it would be possible to transmit information faster than the
speed of light.

4.1. McAdam’s Proof. Suppose two photons are prepared in the entangled state γ. One is given to Alice
and another to Bob. If Bob reads his photon with a polarizer oriented in the θ direction the photons will
instantaneously detangle and Alive’s photons will enter a state of either σ or ψ. If it is possible for Alice to
detect the changed state of her photon then she could tell that Bob read his photon even before light from
Bob had time to reach her. Thus, Bob would have transmitted information, specifically the information that
he had read his photon, instantaneously. This is prohibited by special relativity so it is therefore impossible
to determine the state of a photon unless it is already known.
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5. Additional Work

The statement that quantum teleportation violates causality in models but not in reality got me thinking.
Is it possible to model the entangled state of two photons in a way that avoids the casual violations of
quantum teleportation? That is–could one create a model two entangled photons in such a way that when
the two photons are seperated they each decay into one of several possible states α1 ⊗ β1, α2 ⊗ β2, . . . , αn ⊗
βn. To my knowledge, this problem is not solved. This may be because it would not necessarily simplify
any computations and while providing unnecessary complications. (Current models, while they do violate
causality, are perfectly good at making predictions.) It does, however, provide an interesting problem with
many philosophical implications, particularly whether quantum teleportation is an intrinsic property of
reality or just a convenience used in modelling it.

I believe this problem is unsolved. It may even be unsolvable. The rest of this paper will begin to explore
whether it is possible to model quantum teleportation without violation of causality, within the model or
otherwise.

5.1. Two Resultant States. Just because it is possible to model two entangled photons as a 4-dimensional
unit vector does not mean that it is the only way to do so. While this paper stated that the two entangled
photons can be modeled as a single state σ, that does not necessarily preclude the possibility that it may be
possible to model two entangled photons as a pair of photons in state ∆ as instead a probability q that they
are in either state α⊗ β and a probability 1− q that they are in a state γ ⊗ δ. Practically, this would mean
that when the photons are seperated, they immediately collapse into either a state α⊗β or a state γ⊗δ, with
a probability p of entering the state α⊗β and a probability 1−p of entering the state γ⊗ δ. Intuitively, this
sounds plausible because the initial and final states would both have three degrees of freedom6, satisfying
conversation of information. If a linear combination of product of two tensor products could be such defined
it could offer a alternative model avoids the instantaneous transmissions of information. But first we will
need a new operator.

Definition 7. Define P (ζ|χ) to be the probability that particles in a χ state will be transmitted by a polarizer
oriented in the ζ direction. This operator is distinguished by the P ’s used earlier in that its arguments are
photon states instead of numbers.

All that really matters is that this model procides identical predictions, so The Two-Resultabt State
model would work so long as it satisfies the following for any θ ⊗ φ.

P (∆|θ ⊗ φ) = qP (α⊗ β|θ ⊗ φ) + (1− q)P (γ ⊗ δ|θ ⊗ φ)

The probability on the left-hand side of this equation is the probability of that when the first photon is read
by a θ-oriented device and the second photon is read by a φ-oriented device the photons will enter the states
θ and φ, respectively. This is what the conventional model of quantum mechanics predicts. The right side
of this equation is what this new model predicts. On the left half of the right side of the equation is the
probability q, that ∆ becomes α ⊗ β, times the probability that α ⊗ β becomes θ ⊗ φ when it is read plus
the probability q − 1 that ∆ becomes γ ⊗ δ instead, times the probability that γ ⊗ δ becomes θ ⊗ β when it
is read.

Now let’s take apart these expressions. Let

∆ = aH ⊗H + bH ⊗ V + cV ⊗H + dV ⊗ V

α = eH + fV

β = gH + hV

γ = iH + jV

δ = kH + lV

θ = mH + nV

φ = oH + pV

θ ⊗ φ = moH ⊗H +mpH ⊗ P + noV ⊗H + npV ⊗ V

6For every legal a, b, c there is a unique d such that ∆ is a unit vector. Similarly f, g are uniquely determined by e, g, q to

make α and β unit vectors.
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5.1.1. A Brute Force Attempt. Plugging these into the probability equation yields a rather long equation so
I will break it here into seperate parts.

First the left side:

P (∆|θ ⊗ φ) = |〈aH ⊗H + bH ⊗ V + cV ⊗H + dV ⊗ V |moH ⊗H +mpH ⊗ P + noV ⊗H + npV ⊗ V 〉|2

= (amo+ bmp+ cno+ dnp)2

= a2m2o2 + 2abm2op+ 2acmno2 + 2admnop+ b2m2p2 + 2bcmnop+ 2bdmnp2 + c2n2o2 + 2cdn2op+ d2n2p2

And the left half of the right side:

qP (α⊗ β|θ ⊗ φ) = q|〈eH + fV ⊗ gH + hV |moH ⊗H +mpH ⊗ V + noV ⊗H + npV ⊗ V 〉|2

= q|〈egH ⊗H + ehH ⊗ V + fgV ⊗H + fhV ⊗ V |moH ⊗H +mpH ⊗ V + noV ⊗H + npV ⊗ V 〉|2

= q(egmo+ ehmp+ fgno+ fhnp)2

= q(f2g2n2o2 + 2f2ghn2op

+ f2h2n2p2 + 2fg2mno2e

+ 4fghmnope+ 2fh2mnp2e

+ g2m2o2e2 + 2ghm2ope2

+ h2m2p2e2

And the right half of the right side:

(1− q)P (γ ⊗ δ|θ ⊗ φ) = (1− q)|〈iH + jV ⊗ kH + lV |moH ⊗H +mpH ⊗ P + noV ⊗H + npV ⊗ V 〉|2

= (1− q)|〈ikH ⊗H + ilH ⊗ V + jkV ⊗H + jlV ⊗ V |moH ⊗H +mpH ⊗ P + noV ⊗H + npV ⊗ V 〉|2 = (1− q)(ikmo+ ilmp+ jkno+ jlnp)2

= (1− q)(j2k2n2o2 + 2j2kln2op

+ j2l2n2p2 + 2jk2mno2z

+ 4jklmnopi+ 2jl2mnp2i

+ k2m2o2i2 + 2klm2opi2

+ l2m2p2i2)

Combining these three and plugging them into the original probability equation we get

(amo+ bmp+ cno+ dnp)2 = q(egmo+ ehmp+ ghno+ fhnp)2 + (1− q)(ikmo+ ilmp+ jkno+ jlnp)2

(amo+ bmp+ cno+ dnp)2 = q(egmo+ ehmp+ ghno+ fhnp)2 + (1− q)(ikmo+ ilmp+ jkno+ jlnp)2

We must now find 0 ≤ p ≤ 1 and unit vectors α, β, γ, δ that satisfy this equation for all ∆, θ, φ. This is
hard. Instead we can try another route.

5.1.2. One Particular Case. Instead of attempting to brute force the single expression we could simplify the
situation dramatically. The equation mentioned above must work for all possible θ⊗ φ. We can study a few
specific examples and see what happens. Let

θ = H

φ = H

θ ⊗ φ = H ⊗H
So instead of that complicated mess we address four possilble states of θ ⊗ φ starting with H ⊗H.

P (∆|H ⊗H) = qP (α⊗ β|H ⊗H) + (1− q)P (γ ⊗ δ|H ⊗H)

Expanding it, instead, yields

P (aH⊗H+bH⊗V+cV⊗H+dV⊗V |H⊗H) = qP (eH+fV⊗gH+hV |H⊗H)+(1−q)P (iH+jV⊗kH+lV |H⊗H)

Which simplifies to

a2 = qe2g2 + (1− q)k2i2
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This is much easier to work with. The other three cases: θ⊗φ = H ⊗V , θ⊗φ = V ⊗H and θ⊗φ = H ⊗H
yield

b2 = qe2h2 + (1− q)i2l2

c2 = qf2g2 + (1− q)j2k2

d2 = qf2h2 + (1− q)j2l2

We know that α, β, γ, δ are unit vectors so

a2 = qe2g2 + (1− q)k2i2

b2 = qe2(1− g2) + (1− q)i2(1− k2)

c2 = q(1− e2)g2 + (1− q)(1− i2)k2

d2 = q(1− e2)(1− g2) + (1− q)(1− i2)(1− k2)

Interestingly, any variables plugged into the first three equations–so long as they satisfy the requirement
that every vector involved is a unit vector–will automatically satisfy the fourth equation as shown here.

1 = q(e2 + f2)(g2 + h2) + (1− q)(k2 + l2)(i2 + j2)

1 = q(e2g2 + e2h2 + f2g2 + f2h2) + (1− q)(k2i2 + i2l2 + j2k2 + j2l2)

1 = [q(eg)2 + (1− q)(ki)2] + [q(eh)2 + (1− q)(il)2] + [q(fg)2 + (1− q)(jk)2] + [q(fh)2 + (1− q)(jl)2]

a2+b2+c2+d2 = [q(eg)2+(1−q)(ki)2]+[q(eh)2+(1−q)(il)2]+[q(fg)2+(1−q)(jk)2]+[q(fh)2+(1−q)(jl)2]

a2− [q(eg)2+(1−q)(ki)2]+b2− [q(eh)2+(1−q)(il)2]+c2− [q(fg)2+(1−q)(jk)2]+d2 = q(fh)2+(1−q)(jl)2

Cancel terms and this leaves
d2 = q(fh)2 + (1− q)(jl)2

d2 = q(1− e2)(1− g2) + (1− q)(1− i2)(1− k2)

Thus, we really only have to deal with the three equations for a2, b2, and c2. If we can find variables,
q, g, i, k ∈ [0, 1] that satisfy

a2 = qe2g2 + (1− q)k2i2

b2 = qe2(1− g2) + (1− q)i2(1− k2)

c2 = q(1− e2)g2 + (1− q)(1− i2)k2

Then it is possible to model this situation for the four θ ⊗ φ stated.
There are a few interesting things about these equations. First of all, every variable involved (except q)

is squared. If we simply limit these variables to the interval [0, 1] we can eliminate remove this squaring.

a = qeg + (1− q)ki
b = qe(1− g) + (1− q)i(1− k)

c = q(1− e)g2 + (1− q)(1− i)k
Simplifying this expression further yields

a = q(eg − ki) + ki = qeg − qki+ ki

b = q[e(1− g)− i(1− k)] + i(1− k) = qe− qeg − qi+ qik + i− ik
c = q[(1− e)g − (1− i)k] + (1− i)k = qg − qeg − qk + qik + k − ik

It you take a careful look at these equation you may notice that they can’t be converted simply into a
simple matrix expression. These equations are also rather difficult to solve. However, we can take another
liberty and, instead of examining every possible ∆, examine a particular ∆ that is an entangled state.

Let

∆ = 0H ⊗H +
1√
2
H ⊗ V + 0V ⊗H +

1√
2
V ⊗ V

Thus,
a = 0 = qeg − qki+ ki

b =
1√
2

= qe− qeg − qi+ qik + i− ik

c = qg − qeg − qk + qik + k − ik
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The solutions to this are
q = 0

k = 0

i =
1√
2

g = well, anything between 0 and 1

This is not a complete proof. It only addresses one ∆ and does not justify generalizing to others. Crit-
ically, it only addresses one particular θ ⊗ φ (though this may easily be generated to the four orientations
perpendicualr to θ ⊗ φ). What it shows is that a particular entangled state ∆ can be treated as the tensor
product of two 1-qubit states if it is read by one particular device. In fact, since q-0, this really only requires
one pair of 1-qubit states. The next steps to explore would be whether model this works for perpendicular
devices, then whether it works for a device of any orientation, and then whether the proof van be generalized
to any ∆.
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