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“Some physicists would prefer to come back to the idea of an objective red world whose
gndles pats exig objectively in the same sense as dones or trees exis independently of
whether we observe them. This however isimpossible’ (Herbert 31).

This “objective red world,” or the classcd theory of physics, describes only two things--
matter and fidds, it is the sudy of “matter and energy and ther interactions in the fidds of
mechanics, acoudtics, optics, heat, dectricity, magnetism, [and] radiation” (Webgster-Merriam,
866). Ordinary particles sudied within classcal theory follow observable patterns or laws that
can be measured; however, there are some invishle particles that violate the laws of classcd
theory. Here, cdasscd theory fals to explan cetan phenomena such as those of light and
electrons; it has been replaced by the newer quantum theory.

Quantum theory, however, has one drawback. Unlike the classcd theory of physics in
which knowledge is gained by directly observing the motion of objects, quantum theory cannot
be obsarved. Because of the invighility of quantum theory, some other tool must be utilized to
sudy eementary particles; to do this, the only practica tool is mathematics.

Quantum theory, the study of dementary particles, begins with the smple idea of an dectron
resding on the perimeter of an aom. From experiments with gold fail, in which the negativdy
charged eectrons bounced off pogtively charged nuclel in the center of gold atoms, scientists as
Ernest Rutherford and Niels Bohr had concluded that eectrons must occupy certain levels of
energy around the nucle. Therefore, “[tjo move from one energy level to another, an eectron
musgt gain or lose the right amount of energy. . . A quantum of energy is the amount of energy
required to move an dectron from its present energy level to the next higher one’ (Wilbraham
325).

How did scientiss determine the exigence of dectron energy levels if they were invisble?
According to the Helsenberg uncertainty principle, named after its discoverer Werner Helsenberg
in 1927, “if you measure podtion [of the éectron] accurately, you must sacrifice an accurate
knowledge of [it§ momentum. . . [The principle] prevents anyone from resolving the quantum
redity question via the clear light of experiment” (Herbert 68-69). The Heisenberg uncertainty
principle states that no one can define the exact dtructure or podtion of an dectron; if physicd
tools or forces are used, they will fall. However, dthough direct measurements cannot be made,
mathematics can be used to stitch together available data into usable, quantitative patterns.

Using math, ideas too complex to be described in words may be represented by symbols. In
1926, the Audtrian physicis Erwin Schrodinger used the “new quantum theory to write and solve
a mathematical equation describing the location and energy of an dectron in a hydrogen atom”
(Wilbraham 326). The modern description of the eectrons in atoms, known as the quantum
mechanicad modd, is used widdy in chemigry--it comes from the solution to the Schrodinger
equation and is primarily mathematicd, having few andogies in the visble world. From the
Schrodinger equation, cloud-shaped regions where eectrons reside have been described, energy



levels of chemicd dements have been determined, and al chemica phenomena of the periodic
table have been explained. None of these advances could have been accomplished without the
Schrodinger equation.

“Quantum mechanics does not predict a single definite result for an observation.  Ingtead, it
predicts a number of different possble outcomes and tdls us how likdy each of these is’
(Hawking 55). To predict the outcomes of any physica event, probability must be used. This
form of mathematics “introduces an unavoidable dement of unpredictability or randomness into
science” but it dso dlows scientigs to infer judgment on an othewise invishle, unreachable
subject” (Herbert 56). Probability lists al the possble outcomes for an event.  Although
sientiss may have never seen the event teking place, probability offers scientists various
explanations for the occurrence.

The polarization, or “bending” of light, employs probability. Light, a quantum of energy
packaged in photons, can be polarized ether diagonaly or horizontally. Either polarization has a
fifty percent probability of occurring. If a maerid such as metd-coated glass was placed
between both light beams four possble polarizations may be obtaned: diagond-left and
diagond-right, horizontal and verticd. Each origind polarization had a fifty percent chance of
occurring; because each beam was divided in hdf again, the probability of ether of the latter
four polarizations occurring is twenty-five percent. Because of this effect, ample math can
explain how meta-tinted sunglasses deflect bright light and ultraviolet rediation from the eyes.

Probability is dso a rule used to describe dementary particles themsdves.  While classcd
theory dedls with visble, macroscopic objects and forces, quantum physics focuses on “. . . the
dementd scde, a the levd which dementary paticles interact to form atoms and produce
forces’ (Wilson). Every dectron possesses an intrindc property cadled spin, or its angular
rotation, as it travels the atom. According to the Pauli excluson principle, a rule of probability,
“. .. two dectrons must have oppodte spins. . . spin is a quantum property of eectrons and may
be clockwise or counterclockwise” (Wilbraham 331). Therefore, for two eectrons to pair
together, one must have postive spin and the other a negative spin.  From the concept of spin,
electrons configure about the aom and determine the aom’s chemidry; spin is the most basic
property of elementary particles.

Besides probability, equations that relate different ideas together are dways used. In 1924,
Louis de Broglie, a French graduate student, predicted that dl matter exhibits wavelike motions.
It is dmogt impossble to imagine matter moving as a wave. A 4ill rock, for example, produces
no visble motion, but quantum theory dates that it does. De Broglie proved the wavelike
motion of matter by combining two equations representative of either matter or waves into one
equation gtating that the matter equation was equa to the wave equation.

The firg equation explains that energy (€) is equa to Planck’s congant (h), named after Max
Panck’ s unifying vaue of joules (units of energy) per Hertz (unit of frequency),
multiplied by the frequency (f) of the wave.

The second equation states that wavelength (1 ) is equd to the speed of light,
meters/second, divided by the frequency (f) of the wave.

In both equations, the value for frequency is shared. Therefore, the speed of light divided by
waveength is equa to the energy divided by Planck’ s congtant.



Written another way, the above eguation shows that wavelength, a property “unique unto
waves” is equd to Planck’s congant divided by momentum (mass times volume), a property
“unigue unto matter” (Wilson).

The mathematics necessary to understand quantum theory is not derived from probability or
equations, but from the need for a measuring tool. Through probability and equations, however,
scientists can deduce measurements, data, and creste conclusions based on their observations. In
the visble world, quantum theory has no representations. Elementary particles are so smdl, they
must be subjected to high levels of energy for them to separate from each other; even then, they
fly free only for a short time. The most powerful microscope today, the scanning-tunndling
microscope, can “see’ he surface of atoms--the eectron cloud--but no further. No one has ever
seen the nucleus within the atom, or the twenty or so mgor different particles crested by the
aom. The only observations that can be made are on the effects of these particles, such as a
masdess neutrino’s tracks through contained water more than a thousand feet underground, or
the patterns of light resulting from collisons within a cyclotron.

However, math can be used to predict and judify quantum theory esser, with undisputed
results.  Without having to build a cyclotron, dso cdled a linear paticle accderaor,
mathematics dlows easy explanation of quantum theory to dudents Expendve tools such as
cycdotrons and scanning-tunnelling microscopes are impractical tools for the generd study of
quantum theory. Also, mathematicd equations represent real ideas in a form that is esser to
manipulate. When describing quantum theory, many ideas must be discussed at once; equations
and formulas may be solved two or three a a time, handling as many numbers as needed to
represent the data. Because math is an orderly, unambiguous process, correct conclusons may
be raised each time,

Fndly, as with the discovery of dl new teritory, there is often debate over how newly
discovered sciences work.  Unlike people, math is unbiased. Simple mathematics is enough to
edablish a cdam for a theory; if another mathematica operation refutes it, then the theory is
proven wrong. The Helsenberg uncertainty principle was originadly a proposed atomic modd,
but was changed because its principles gpply to two-dimensond insead of three-dimensond
objects--because dl matter and waves are three-dimensiond, math proved Heisenberg wrong.

Since the beginning of quantum theory in the early twenties, mathematics has been the
greatest tool to physcids in this fidd. It has become the primary means of expressng and
acquiring information about the theory. Beginning with invisble dectrons resding on the outer
limits of aoms, mathematics, especidly probability and quantum equations, has advanced the
theory to its present date--quantum theory can explan any physical occurrence with a smple
manipulation of math. “No development of modern science has had a more profound impact on
human thinking than the advent of quantum theory,” and the advent of the mathematics to
support it (Herbert 16).
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