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Problem

R. Penrose [1, 2] has proposed that macroscopic quantum systems that are coherent superpositions of spatially separated states undergo a quantum state reduction associated with
the gravitational interaction between its component states. In particular, if system has mass
m and two possible states separated by distance d, the interaction energy is |U| = Gm2 /d,
where G is Newton’s gravitational constant. Then, the characteristic time for the reduction
of the wave function to one or the other of the two states is,
τ≈


,
|U|

(1)

according to the theory of Penrose.1
Discuss the viability of this hypothesis in view of the experiment of Jaklevic̀ et al. [4] on
quantum interference eﬀects in a pair of Josephson junction.
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Solution

In the Josephson eﬀect, the quantum state is that of the Cooper pairs of a superconducting
material. Roughly, there is one Cooper pair per atom, so the number density ρ of pairs is
about 1023 /cm3. We take the eﬀective mass of a pair to be about me , the mass of an electron.
If the superconducting material of the loop containing the pair of Josephson junctions has
volume V , then the number of pairs is n = ρV .
Penrose’s time constant (1) can now be written as,
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where d is the diameter of the loop, c is the speed of light, λe = /me c = 3.9 × 10−11 cm
is the Compton wavelength of the electron, and Re = Gme /c2 = 6.7 × 10−56 cm is the
Schwarzschild radius of the electron.
The experiment of Jaklevic̀ et al. involved a circuit whose material had an area wd ≈ 10−4
◦
cm2 and thickness t = 1000 A= 10−5 cm, so its volume was V = 10−9 cm3. The number of
Cooper pairs in the circuit was therefore n ≈ 1014 . The diameter of the circuit was d ≈ 0.3
cm. Penrose’s characteristic time for this device is then,
τ≈

4 × 10−11 · 0.3
≈ 6 × 105 s ≈ 1 week.
7 × 10−56 · 3 × 1010 · (1014 )2

1

(3)

A diﬀerent view on gravity-induced decoherence has been given in [3], where eﬀects of gravitational
time dilation are considered.
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While this is probably longer than the observation time of the original experiment, commercial superconducting quantum interference devices (SQUIDs) based on the same principle
have functional lifetimes longer than one week.
It might be argued that if the Cooper pairs move through the loop too rapidly, Penrose’s
theory analysis would not apply. The Josephson current in the experiment of Jaklevic̀ et al.
was 10−3 A = 2evρwt, where v is the velocity of the pairs, and wt is the area normal to
the current. With ρ = 1023 /cm3, w ≈ 3 × 10−4 cm, and t ≈ 10−5 cm, we ﬁnd that v ≈ 10
cm/s. The time for a pair to go once around the circuit is about 0.1 s, so there are about
107 traversals of the circuit during the time (3). If, somehow, the “decay clock” of the wave
function is reset each traversal, then the experiment provides little constraint on Penrose
hypothesis.
On the other hand, it appears that the existence of commercial SQUIDs with operating
periods greater than one week argues against a simple reading of the hypothesis of Penrose
(and of that of [3]).
The possible relevance of the Josephson eﬀect to Penrose’s hypothesis was suggested by
P.J.E. Peebles.
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