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The idea of a particle interfering with itself seems contradictory, especially when this interference

must be explained by the strange idea that the particle can have different positions at the same

time. For a theory of matter to be consistent and free of paradoxes, measurements must have two

physically important consequences. s First, whenever a measurement is made, the system must
D ¥y

take on some particular, definite value from among the many possible. Which one of the possible
values will be obtained in any given measurement is entirely unpredictable, but quantum theory

quantitatively predicts the probability of each outcome, i.e., it predicts how many times a given

value will be obtained when a large number of measurements are made.®

Second, the act of measurement of one quantity will generally cause the particle to take on
a range of new values of some complementary quantity. For example, the measurement of

position will introduce new values of momentum. The result will always be that the more

precisely we measure position, the less precisely we know momentum, and conversely.® This

behavior is summarized in the Heisenberg uncertainty principle, which for the particular example
of position and momentum is written

Ax *Ap, ~h,
where Ax is a measure of the spread of positions of a particle, Ap, is a measure of the spread of

the x-component of the momentums of the particle, and % is Planck's constant divided by 2x. The
uncertainty principle places fundamental, general limits on what we can measure and what we can
learn about nature from measurement.

In particular, the uncertainty principle guarantees that a particle can never be made to

exhibit at the same time wavelike properties of interference and particle-like properties such as

billiard-ball scattering. No paradox can OCCUr. The uncertainty principle is a basic law of nature,

®"Modern Introductory Physics" by C. H. Holbrow, J. N. Lioydo and J. C. Amato
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and we were able to use it to calculate such important features of atomic and nuclear systems as
size, kinetic energy of a bound particle, and l:;inding energy. It shows that the smaller, more
compact a system of particles is, the higher their kinetic energy is and the more strongly they must
be bound to offset the high kinetic energy. The smaller a system of particles is, the greater the

forces holding the particles together must be.
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Use the uncertainty principle to estimate the kinetic energy of an electron confined to the
region of an atom. Then, use the uncertainty principle to estimate the kinetic energy of a
neutron confined to a nucleus. (You should know reasonable dimensions for an atom and

nucleus. Use that fic equals 197 eV nm, if needed.)
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