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14 Introduction to Quantum Physics

1-5. What is a measurement?

Science is based on the observation of nature. Most scientists tend to believe
that there exists an objective reality, which is partly unknown to us. We acquire
knowledge about this reality by means of measurements: These are processes
in which an apparatus interacts with the physical system under study, in such
a way that a property of that system affects a corresponding property of the
apparatus. Since there must be an interaction between the apparatus and the
system, measuring one property of a system necessarily causes a disturbance to
some of its other properties. This is true even in classical physics, as we shall
see in Sect. 12-2. However, classical physics assumes that the property which is
measured objectively exists prior to the interaction of the measuring apparatus
with the observed system.

Quantum physics, on the other hand, is incompatible with the proposition
that measurements discover some unknown but preexisting reality. For example,
consider the historic Stern-Gerlach experiment15 whose purpose was to deter-
mine the magnetic moment of atoms, by measuring the deflection of a neutral
atomic beam by an inhomogeneous magnetic field. Let us compute the trajec-
tory of such an atom by classical mechanics, as Stern and Gerlach would have
done in 1922. (The reader who is not interested in the details of this calculation
can skip the next page.) The Hamiltonian of the atom is

H P2
=

2m – µ · B , (1.4)

where m is the mass of the atom, p its momentum, and µ its intrinsic magnetic

Fig. 1.5. Idealized Stern-Gerlach experiment: silver atoms evaporate in an
oven O, pass through a velocity selector S, an inhomogeneous magnet M,
and strike a detector D. All the impacts are found in two narrow strips.

15 W. Gerlach and O. Stern Z. Phys. 8 (1922) 110; 9 (1922) 349.
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28 Quantum Tests

deeply rooted classical prejudices—we have a tendency to imagine that each
photon follows a well defined trajectory. However, this assumption is obviously
counterfactual, and it is not verifiable. Counterfactual experiments will further
be discussed in Chapter 6, where it will be seen that our intuition is not at all
a reliable guide in the quantum domain.

Fig. 2.1. A repeatable test: the second calcite crystal
always confirms the result given by the first one.

Not every test is repeatable. For example, if identical quarter wave plates
were affixed to the right of each calcite crystal in Fig. 2.1, there would be three
outgoing rays, rather than two, emerging from the second crystal (the central
detector would be excited as frequently as the two others combined). In that
case, the photons leaving the first test would be circularly polarized. This is
not the kind of polarization that is tested by these calcite crystals—therefore
the modified tests would not be repeatable.

These tests would also not be repeatable if an optically active fluid were
introduced between the two crystals, causing a rotation of the polarization
plane. Likewise, two consecutive identical Stern-Gerlach experiments, with their
magnetic fields parallel, may yield conflicting results if they are separated by a
region where a perpendicular magnetic field causes a precession of the magnetic
moment of the atom. The dynamical evolution of quantum systems will be
discussed in Chapter 8. In the present chapter, it is assumed that consecutive
tests follow each other so rapidly that we can neglect any dynamical evolution
between them.

Another example of nonrepeatable test is the standard method for measuring
the momentum of a neutron, by observing the recoil of a proton in a photo-
graphic emulsion or in a bubble chamber. It is obvious that the momentum
of the neutron after the measurement cannot be the same as before it. This
example clearly shows that a good measurement is not necessarily repeatable,
contrary to careless statements such as6

From physical continuity, if we make a second measurement of the same
dynamical variable immediately after the first, the result of the second
measurement must be the same as that of the first.

6 P. A. M. Dirac, The Principles of Quantum Mechanics, Oxford Univ. Press (1947), p. 36.
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preparação de estado de polarização: adquirindo 
informação

repetição do teste reproduz o mesmo resultado


