If we reduced the flow of electrons (or photons) so they passed through the
slits one at a time, we would see a flash each time one struck the screen. Al first,
the flashes would seem random. Indeed, there is no way to predictl just where
any one electron would hit the screen. If we let the experiment run for a long
time, and kept track of where each electron hit the screen, we would soon see a
pattern emerging—the interference pattern predicted by the wave theory; see
Fig. 28-4, Thus, although we could not predict where a given electron would strike
the screen, we could predict probabilities. (The same can be said for photons.)
The probability, as mentioned before, is proportional to W2 Where ¥ is zero,
we would get a minimum in the interference pattern. And where W’ is a
maximum, we would get a peak in the interference pattern,

The interference pattern would thus occur even when electrons (or
photons) passed through the slits one at a time. So the interference pattern
could not arise from the interaction of one electron with another. It is as if an
electron passed through both slits at the same time, interfering with itself. This is
possible because an electron is not precisely a particle. It is as much a wave as it
is a particle, and a wave could travel through both slits at once. But what would
happen if we covered one of the slits so we knew that the electron passed
through the other one, and a little later we covered the second slit so the
clectron had to have passed through the first? The result would be that no
interference pattern would be seen. We would see, instead, two bright areas
(or diffraction patterns) on the screen behind the slits. This confirms our idea
that if both slits are open, the screen shows an interference pattern as if cach
c_lcclron passed through h(;)-II-I slits, like a wave. Yet each electron would make a FIGURE 28-4 Young's double-slit
tiny spot on the screen as if it were a particle. experiment done with electrons—:

The main poeint of this discussion is this: if we treat electrons (and other e that the pattern is not evident
particles) as if they were waves, then W represents the wave amplitude. If we  with only a few electrons (top
treat them as particles, then we must treat them on a probabilistic basis, The  photo). but with more and more
square of the wave function, W2, gives the probability of finding a given electron  electrons (second and third photos).
at a given point. We cannot predict—or even follow—the path of a single elec- the familiar double-slit interference
tron precisely through space and time. pattern (Chapter 24) is seen.

m The Heisenberg Uncertainty Principle

Whenever a measurement is made, some uncertainty is always involved. For
example, you cannot make an absolutely exact measurement of the length of a
table. Even with a measuring stick that has markings 1 mm apart, there will be
an inaccuracy of perhaps smm or so. More precise instruments will produce more
precise measurements. But there is always some uncertainty involved in a
measurement, no matter how good the measuring device. We expect that by
using more precise instruments, the uncertainty in a measurement can be made
indefinitely small.

But according to quantum mechanics, there is actually a limit to the
accuracy of certain measurements, This limit is not a restriction on how well
instruments can be made; rather, it is inherent in nature. It is the result of two
factors: the wave—particle duality, and the unavoidable interaction between the
thing observed and the observing instrument. Let us look at this in more detail.

To make a measurement on an object without disturbing it, at least a little,
is not possible. Consider trying to locate a Ping-pong ball in a completely dark
room. You grope about trying to find its position; and just when you touch it
with your finger, it bounces away, Whenever we measure the position of an
object, whether it’s a ball or an electron, we always touch it with something
else that gives us the information about its position. To locate a lost Ping-pong
ball in a dark room, you could probe about with your hand or a stick: or you
could shine a light and detect the light reflecting off the ball. When you search
with your hand or a stick, vou find the ball’s position when you touch it. But
when you touch the ball you unavoeidably bump it, and give it some momentum.
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