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A gravity wave will interact with an entangled system in a complicated manner. As the wave traverses
the distance which separates an EPR pair the distance between the pair is adjusted according to the metric
oscillation of the wave. For the EPR pair tuned to specific frequencies, the gravity wave will induce a
small detuning of the pair. In an alternative way in a Bell correlation experiment the probability equations
will adjust to small adjustments in the angles between different apparatus set in the experiment. Hence
the measure by which the Bell inequalities occur will adjust with the occurrence of a gravity wave which
oscillates the relative angular positions of the Stern-Gerlach apparatus.

A plane parallel gravitational wave in vacuum the momentum-energy source in the Einstein field equation
is zero, which gives the wave equation is ∂c∂ch̄ab = 0. This is a bi-vector analogue to the simple wave equa-
tion for an electromagnetic wave in free space. The wave is a transverse traceless wave h̄ab = ATT

ab exp(ikcx
c)

with

ATT
ab =




0 0 0 0
0 A++ A×× 0
0 A×× −A++ 0
0 0 0 0


 .

The term A++ and A×× represent the two helicities or polarization directions for the linearized gravity wave
of helicity equal two.

These metric terms will then adjust the distance between two EPR pairs, and change their relative
frequencies. Since this is a time dependent process, we consider a situation where there is a time dependent
Bell experiment. The Bell experiment can describe nonlocality in time, which is a form of the Wheeler
Delayed Choice Experiment. This approach to the WDCE has some possible implication for the quantum
computation of hard problems. Due to this fact the interaction of a gravity wave with such a system might
influence the performance of a system which performs a factorization problem. This is laid out first, and
then the interaction of the gravity with this system is then discussed.

Consider a photon sent towards a double slit. This photon passes through double slit unobserved, where
logically it passes through one slit, through the other or through both. To obtain an interference pattern
the wave function must pass through both slits. In order to obtain a particle distribution, the photon must
pass through one or the other. The photon’ s quantum properties are manifested as it passes through the
slits. After passing through the slits, the photon is in transit towards the back screen. At the back screen
there is available two separate methods of detecting the photon. The choice of detection is made after the
photon is known to have passed the slits [1].

Let there be a detection system, eg. a large photoplate, which can measure the horizontal placement
of a photon hit, but is not able to distinguish which slit the photon passed through. There are also directed
photometers that determine which slit the photon passed through. Either device may be removed quickly
after the photon has passed the double slits but before the photon reaches the plane of the screen. This is
the experimenter’s choice, which is delayed until after the photon has passed the slits.

If the photoplate is removed two sensors are revealed at the screen. The sensors are tightly focused on
the narrow space of one slit only. The left photometer watches the left slit, and the right photometer watches
the right slit. These will detect a flash of light if the photon went either wholly or in part through the slit on
which it is focused. Therefore, the experimenter will obtain information about which path the photon took.
Conversely the experimenter may choose to use the photoplate and not the photometers. If so there is then
a loss of information about which slit the photon traversed. This means that an interference wave pattern
falls on the photoplate, the wave function is reduced on the plate and no information is communicated about
which slit the photon traversed.

This is the delayed choice, for a choice of an experiment at a time t determines the quantum configuration
of the system at a time t′ < t. This means that nonlocality exists not just in space but time as well. A
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choice of state selection in the future can influence the state evolution at an earlier time [1] Further, the Bell
inequality then must obtain for experiments performed on a single wave function at different times.

Given the spin meters A and B there are the outcomes a, a′ and b, b′ for these meters. For the nth

spin particle pair detected there is the following expression

Qn = anbn + a′nbn + anb′n − a′nb′n

that has the value between −4 and 4. This may be written as

Qn = an(bn + b′n) + a′n(bn − b′n).

So the bounds on this are seen to be further restricted to −2 and 2. There are the following limiting terms,

c(a, b) = lim
N→∞

1
N

N∑
n=1

(anbn)

c(a′, b) = lim
N→∞

1
N

N∑
n=1

(a′nbn)

c(b, a′) = lim
N→∞

1
N

N∑
n=1

(bna′n)

c(b′, a′) = lim
N→∞

1
N

N∑
n=1

(b′na′n).

These are then bounded by

|c(a, b) + c(a′, b) + c(a, b′) − c(a′, b′)| ≤ 2,

but quantum expectations illustrate that

c(a′, b) = −cos(θa′b), c(a, b′) = −cos(θab′), c(a′, b′) = −cos(θa′b′).

For a parallel to b then θab′ = θa′b = φ, and θa′b′ = 2φ and the inequality is

|1 + 2cos(φ) − cos(2φ)| ≤ 2,

and this is violated for φ ∈ (0, π/2).

Ordinarily these are considered for different regions of space. This may also be considered for different
times, where A and B measure events at different times. The time evolution of the outcomes are

a → eiHtae−iHt, b → eiHT be−iHT ,

which are given by unitary operators and send the values of B into the future of A if T > t. There then
exist two values for Q for detectors at different periods of time. Further, since the time transformations
are unitary this will have no influence on the basic outcome of the Bell inequality. This is a Bell inequality
version of the Wheeler delayed choice experiment.

This may be seen more completely if α and β are operators corresponding to the eigenvalues measured
by detectors A and B. For the pair of particles these operators exist in the Hilbert space H = C2 ⊗ C2.
Each copy of C2 corresponds to the eigenvalues for A and B respectively. The operators α and β project the
state of each particle according to the azimuthal angles θ, φ and correspond to the σ3 Pauli matrix with

αφ = |+1〉〈+1| − |−1〉〈−1|, βφ = |+2〉〈+2| − |−2〉〈−2|.
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Further the operator that corresponds to Q in the Bell’s inequality for measurements directed along φ and
χ is

Q̂ = αφ ⊗ βχ + αφ ⊗ βχ′ + αφ′ ⊗ βχ − αφ′ ⊗ βχ′ .

The operators measured by the two apparatus at different times along the development of the wave function
are then time evolved to these two different time frames. The subsequent time development after measure-
ment is regarded as irrelevant due to wave function decoherence or “collapse.” There then exist the time
development operators for the two sets of states

Uα(τ) = eiE+τ |+1〉〈+1| − eiE−τ |−1〉〈−1|

Uβ(τ) = eiE+τ |+2〉〈+2| − eiE−τ |−2〉〈−2|.
With the above description of the partition time evolution operators it is then possible to describe the
operator Q̂ according to separate time evolutions for A and B. Now compute the evolution of the state
vector |ψ〉 = 1√

2
(|α+〉|β−〉 − |α−〉|β+〉). With different times assigned to the α and β states.

Uα(τ)Uβ(t) =
1√
2

(
eiE+τeiE−t|α+〉|β−〉 − eiE−τeiE+t|α−〉|β+〉

)
.

This is then used to compute the total expected value for the operator Q̂ which evaluates as

〈ψ|Q̂|ψ〉 =
1
2
(|〈α′+|α+〉|2 − |〈α′−|α+〉|2 − 1)

)(
1 − |〈β′+|β−〉|2 + |〈β′−|β−〉|2

)
+

1
2
(|〈α′+|α−〉|2 − |〈α′−|α−〉|2 − 1)

)(
1 − |〈β′+|β+〉|2 + |〈β′−|β+〉|2

) −
1
2

(
ei(φ1 − φ2)

(〈α′+|α+〉〈α−|α′+〉 − 〈α′−|α+〉〈α−|α′−〉
) −

e−i(φ1 − φ2)
(〈α′+|α−〉〈α+|α′+〉

) − 〈α′−|α+〉〈α−|α′−〉
))×

(〈β′+|β−〉〈β+|β′+〉 − 〈β′−|β−〉〈β+|β′−〉
)
,

where φ1 = E+τ + E−t and φ2 = E−τ + E+t.

For the evolution of this wave function ordinarily t = τ so that φ1 − φ2 = 0. However, suppose
that this is not the case. For the wave function at ψ(t) with temporal entanglement, the time deficit t − τ
must exist in some form, since the final time condition for the wave function obtains at a time t at B, yet
the observer operator for the apparatus A occurs at the time τ . Thus the phase of the wave function at the
time t must contain this time information in the phase associated with the angles α′ and β′. The change in
the angle α′ − α is associated with an operator

U∆α± = e±i∆α(|α±〉〈α±| + |α∓〉〈α∓|) = exp(i∆α|α±〉〈α±|),

with ∆α = α − α′′ and α′′ some transition angle between α′ and α. The angle α′′ is what exists at A at
the time τ , and equivalently α′ obtains at A at the time t. The unitary change in the α′ eigenstates is then

|α±〉 = U∆α± |α′′±〉.

The time evolved part of 〈ψ|Q̂|ψ〉 = 〈Q̂〉T is then

〈Q̂〉T =
1
2

(
ei(φ1 − φ2)e2i∆α

(〈α′+|α′′+〉〈α′′−|α′+〉 − 〈α′−|α′′+〉〈α′′−|α′−〉
) −

e−i(φ1−φ2)e−2i∆α
(〈α′+|α′′−〉〈α′′+|α′+〉

) − 〈α′−|α′′+〉〈α′′−|α′−〉
))×
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(〈β′+|β−〉〈β+|β′+〉 − 〈β′−|β−〉〈β+|β′−〉
)
.

This gives the result E+(τ − t) + E−(t − τ) + 2∆α = 0. Hence the additional phase corresponds to a
nonlocal teleportation of amplitudes from B backwards in time to A.

This may be further explored by an examination of α̂′ ⊗ β̂ and α̂′ ⊗ β̂′. The expectations for these
operators are

〈ψ(t, τ)|α̂′ ⊗ β̂|ψ(t, τ)〉 =
1
2
(|〈α+|α′−〉|2 + |〈α′+|α−〉|2 − |〈α′+|α+〉|2 − |〈α′−|α−〉|2

)

and
〈ψ(t, τ)|α̂′ ⊗ β̂′|ψ(t, τ)〉 =

1
2

(
(|〈α′+|α+〉|2 − |〈α+|α′−〉|2)(|〈β−|β′+〉|2 − |〈β−|β′−〉|2)

+ (|〈α′−|α+〉|2 − |〈α−|α′−〉|2)(|〈β+|β′+〉|2 − |〈β+|β′−〉|2)
)

− cos(φ1 − φ2)(〈α−|α′+〉〈α′+|α+ − 〈α−|α′−〉〈′−|α+〉)(〈β′+|β−〉〈β+|β′+〉 − 〈β′−|β−〉〈β+|β′+〉).

Now suppose that A and B are quantum computers, or computing elements nonlocally correlated
through time. Further, since A and B are nonlocally correlated at different times we may then access
quantum states at a time of our choosing. Recall that A and B are now themselves quantum elements and
their classical outputs are accessed in the future of both A and B. Now let p and p′ be prime numbers. It
is well known that there exists an N = pp′. Let N be the input, and we have a command settime(t, T )
that teleports states to a time t < T , where T is set to the computer clock T = clock(). Now set the nth

prime number pn to the number tn = nδt as an input to the register for the time. Consider the following
algorithm written in a “pseudo-C” format

input(N)
T = clock()
n = timeregister

if(n > 1) and (N mod n = 0)goto TIME

n = 1
for loop n → 1 to int(sqrt(n)) + 1
{

if(n mod N = 0) goto OUTPUT

}
TIME : settime(tn, T )
OUTPUT : output(n)
END

Interestingly quantum computing with time entangled states is equivalent to computing with closed
timelike curves in general relativity [2]. Outside of trivial problems the inner nested recursive loop is never
executed! The existence of this loop is equivalent to how the machine sets the delayed choice quantum
computation, but it is never in fact executed. This is similar to the classic science fiction time travel
dilemma. For the output obtains at a time T greater than tn since it is sent by the Wheeler delay choice to
tn. It is as if one were a physicist who invented time travel by receiving a message from the future on how
to do it. Then upon building the time machine you send the solution back in time to yourself. However, one
should not confuse this with backward time communication, for this concerns nonlocal correlations between
an output at one time with quantum states at an earlier time.

Now we switch to gravitational physics and waves. Consider the bare action of massless particles which
move along the x axis so that

S =
∫ x′

x

prdr =
∫ x′

x

∫ px

0

dpxdx.
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The velocity of a particle is ẋ = dx/dt = dH/dpx, which enters into the action as,

S =
∫ x′

x

∫ H

0

dH ′

ẋ
dx.

The field defines H ′ = h̄ω′. The integration over frequencies is from E to E − ω, for the ADM energy.
The action is properly written as

S = −h̄

∫ x′

x

∫ E−ω

E

dω′

ẋ
dx,

The velocity ẋ is

ẋ =
dx

dt
=

dx

ds
=

1√
1 + (A++ + A××)eikx

which determines the action

S = −h̄

∫ x′

x

∫ E−ω

E

dω′dx
√

1 + (A++ + A××)eikx,

= 2i

∫ E−ω

E

√
1 + (A++ + A××)eikx − tanh−1(

√
1 + (A++ + A××)eikx)

dω

ω

STOP AT THIS POINT

I am stopping at this point. However, the strategy is of course clear. This action term contributes to
the phase of the expectations above. From there the contribution will perturb the Bell inequalities for the
system. More Later.
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