
Abstract. A gedanken experiment is proposed in which the
momentum and position of a photon can be measured simulta-
neously in such a way that the product of their respective errors
is less than the right-hand side of the appropriate Heisenberg
uncertainty relation.
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Heisenberg's uncertainty principle [1] in its general formÐ
the Robertson±Schr�odinger relation [2±5]Ð is a fundamental
theorem in quantum theory and any doubts in its validity can
shatter the whole quantum theory, because the operator
description of physical observables automatically entails the
uncertainty relation due to the noncommutativity of opera-
tors. However, this principle is rather often interpreted as the
impossibility simultaneously measuring canonically conju-
gate physical quantities. This was the original formulation by
Heisenberg [1]. He believed that the measurement, for
example, of a quantum particle coordinate has a reverse
effect on measuring its momentum. As a result of this
distortion, the exact measurement of momentum is impos-
sible. Is this correct? The authors of experiment [6], based on
earlier work [7, 8], managed to destroy this persistent
prejudice. Such an outstanding result with measurement
accuracy exceeding the Heisenberg limit was achieved in a
series of complicated experiments with `weak' measurements,
during which the system's quantum state was teleported and
thus the information about the state before the measurement
was preserved to a certain extent.

At the same time, we believe that this fundamental result
can be proved using a simple thought experiment, which is
quite realizable, and the same result can be achieved much
more easily by a single coordinate measurement at a given
momentum of a specially prepared photon.

Let us consider Fig. 1. Single atom 1 residing in the ground
state is excited by a resonant laser pulse which transfers the
atomic state into the excited state with a unity probability
(p-pulse). After some time (lifetime T of an atomic excited
state), a photon will be spontaneously emitted into a sphere
with the solid angle 4p sr. If this photon is absorbed by the
identical nonexcited atom 2, the photon momentum will be

known: p � �hk. The momentum is determined by the
transition energy or the wavelength l, as well as by the
coordinates of two atoms, which define the wave vector k
direction. After exciting this atom, the photon will be re-
emitted into 4p sr. The photon count on the detector D will
mean that the momentum and coordinate of the first photon
are established simultaneously; this coordinate is determined
by the atom 2 coordinates at the moment in time when it is
absorbed. Let us now elucidate with what an accuracy these
measurements were done.

Photon coordinate measurement error is defined by the
size of atom 2, trap design (for example, an incorporated or
substituted impurity atom in the crystal lattice site), and the
atom transition cross section or, just the same, the cross
section of its resonant interaction with a linear size on the
order of the wavelength l. If we are concerned with optical
radiation, the latter error is clearly dominant. In fact,
although the atom is small, it can `see' the radiation around
itself at distances of approximately l (see, for example, book
[9, p. 25]).

The photon momentum uncertainty is linked, in turn, to
the natural width 1=T of the spectral line of the spontaneous
transition, Doppler broadening, and Heisenberg's quantum
uncertainty caused by the accuracy in fixing the atom 1
coordinates. Among these causes, the natural line width 1=T
is clearly dominant, because the Doppler broadening can be
suppressed by atomic cooling, and the positioning of atom 1
within the boundaries of a certain spatial region is not critical:
you see that the error in forming a specific k vector direction is
due not to the linear dimensions of the atom 1 location region,
but to its angular size. This means that by increasing the
distance between the atoms one can unlimitedly decrease the
angular size of the first atom with respect to the second one,
and the k vector direction will be determined quite precisely.
At the same time, this will significantly decrease the prob-
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Figure 1.Thought experiment setup. Excited atom 1 emits a photon, which

is re-emitted by atom 2. A nontransparent screen is placed between atom 1

and detector D in order to prevent the direct interaction between a photon

emitted by this atom and detector D.
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ability of realizing the whole re-emission cascade, but for a
gedanken experiment such a situation is acceptable: we are
interested in the principal possibility of the process consid-
ered.

Now, let us estimate the errors in our measurements and
calculate their product

DxDpx � 2pl
�h

cT
� 10ÿ6 �h �1�

for a visible spectral region. It is clear that the obtained value
is much smaller than �h.

What have we achieved? The photon coordinate measure-
ment accuracy is not limited for a known momentum by the
Heisenberg uncertainty principle. However, because the
concrete values of the coordinate and momentum did not
exist (a priori) before the measurement (see, for example,
Refs [10±18]), the experimentally obtained values need to lie
in the known Heisenberg uncertainty limits, while the
concrete values appear at the moment of the measurement
accompanied by the photon demolition.

At the same time, one can justly object that, during the
photon coordinate measurement, its momentum acquires an
additional uncertainty. But in fact this happens simulta-
neously with the photon demolition, so it does not care
anymore.

Does our example call into question Heisenberg's uncer-
tainty principle in its general form, i.e., the Robertson±
Schr�odinger relation [2±5]? Not at all. These uncertainties
objectively exist and cancelling them would mean destroying
all the quantum theory apparatus. However, one canmeasure
the quantities more precisely, because the measurement is just
a projection of the initial state on the measured quantity. In
order to increase the informational value of these measure-
ments, one can perform a series of experiments which would
define quantum uncertainties of the measurable quantities.
The achieved improvement in measurement accuracy will be
helpful for the solution of such a problem. But first of all,
from a fundamental point of view, the key possibility of
taking such measurements with an accuracy exceeding the
Heisenberg uncertainty principle is the most important.

In conclusion, let us note that one can use a crystal lattice
site for an atom trap and incorporate a single impurity atom
with given radiative transitions different from the spectra of
surrounding atoms, so the latter would be transparent for the
wavelengths of these transitions. The spatial position of a
single impurity atom in such a structure will be fixed up to a
characteristic distance between the crystal lattice sites.
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