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DAt the heart of the' quantum revolution is ﬂezsenberg s
uncertainty principle. This tells us, roughly speaking, that all
‘physical quantities that can be observed are subject to unpre-
dictable fluctuations, so that their values are not precisely
deﬁned%onsxder, for example, the position x and the momen-
tum p ofa quan‘tum particle such'as an electren. The experi-
menter is free to measure either of these quantities to arbitrary .
precision, but they cannot possess precise values simul-
taneous’i ~1he spread, or uncertainty, in their values, de-
oted by Axand Aprespectively. are such that the product of

the two,  Ax/Ap, cannot be less than a certain constant
number@T hus more accuracy in position must be traded for
less in momentum, and vice versa. The constant that enters
here (called Planck’s constant after Max Planck) is numer-
ically very small, so that quantum effects are generally bnly
Important in the atomic domain. We do not notice them in
daily life.

~ ©OItis essential to appreciate that this uncertainty is inherent

~ in nature and not merely the result of technological limita-
tions in measurement. Itis not that the experimenteris merely
too clumsy to measure position and momentum simultan-
eously¥The particle simply does not possess simultaneously
PI‘E:"ISG valuesofthese twoattr 1butes%ne is used to uncertainty
in many physical processes — for example, in the stock market
or in thermodynamics — but in these -cases the uncertainty is
due to missing information rather than to any fundamental
limitation in what may be known about these systems.

(Physies & Philosophy , w. Heisenberq 1958)
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