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Teaching Basic Quantum Mechanics
in Secondary School Using Concepts
of Feynman Path Integrals Method

Maria de los Angeles Fanaro and Maria Rita 0fero, Universidad Nacional del Centro de la Provincia de Buenos Aires, Tandil,

Marcelo Arlego, Universidad Nacional de La Plata, La Plata, Argentina

his paper discusses the teaching of basic quantum

mechanics in hl@m school. Rather than folluwingthe

usual our approach is based on
pahlntegnl melhod.()urptmnﬂnon makesuseofslmuh-

ftware and avoids sophi
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be observed in an idealized double-slit experiment. With the
of softy we focus on the changes

observed as the objects’ masses are reduced from macroscopic

key principle: “ When both slits are open, the distribution of
electrons on the screen does not follow a pattern that can be pro-
duced by the separale ibulions of particles emerging from
each slit.”

This convinced the students that it is inadequate to con-
sider electrons as particles, at least in a dlassical sense. This
new way of considering the electrons drove us to introduce
the concept of “quantum system.”

2. Analysis and application of the “sum of all alter-

to atomic values. After that we introduce the basis of q
mechanics by means of the concepts of path integrals, which
henceforth we will call “sum of all alternatives” Finally, we
show how the transition {rom classical to quantum behavior
ly ges within the fi rk of “sum of all alterna-

tives”

The instructional sequence

‘The material was used in a senior-level high school physics
course. The class was composed of 30 students who were 17-
18 years old. There were two one-hour class periods per week.
The students had already been exposed to trigonometric

Joriree

We started by stating that there exists a set of laws that de-
scribe the behavior of objects ranging from macroscopic to
atomic scale. They are called the laws of quantum mechan-
ics. These predict only the probability of an event. That is to
say, given an initial state, what is the probability of arriving
al a particular final stale? We adopted the Feynman formula-
tion of quantum mechanics and adapted it to our students’
mathematic level. We replaced complex numbers by two-
dimensional vectors, integrals by finite sums, and derivatives
by finite ratios.

m‘smdaﬂahunms‘bnnulnwnofquzrmme-

functions, vectors, and classical mechanics. The I
sequence consisted of 13 lessons divided into four stages as
follows:

1. Double-slit experience with small balls and
electrons

Our studs d and pred theresullsofthlsexpe»
nenoeusmgsmallbalk.'l‘henthe were simulated
usmgl.hesoﬂwml.)oppdspahvm‘ ‘The students com-
pared their p bout the distrib of particles on
the screen with the results of the simulation and concluded
that: “When both slils are open, the resulting distribution curve
is the sum of the individual curves.”

After that the students analyzed the double-slit experiment
with electrons instead of small balls. The simulation showed
that clectrons distributed on the screen very differently than
small balls did. The result was inexplicable from the classical
theory and so the idea that electrons would be as small balls
was found to be naive.

Although some students could not identify the distribu-
llonwlthﬂ:emterfemnnepmemobmmdlnapeﬂmms
with mechanical waves (for i ), they d another
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Conclusions

We have developed an alternative method for teaching the
fund Is of QM for dary school students based on
Feynman's path integrals. Our work has focused on the emer-
gence of quantum behavior in idealized double-slit experi-
ments employing material objects with masses ranging from
macroscopic to atomic levels (e.g., electrons).

The results were satisfactory; students expressed on many
occasions that they had made an intense but successful effort.
They were not overwhelmed by the proposed situations and
they accepled the chall ‘The results of the final test were
satisfactory. %7

garding soft ﬁm d 1 "

to support the ling of new
of the topics di hmweplantoaddress
lhequznnmaspectsoﬂ:@l in particular the emergence of
the concept of the photon, in a future work.
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Ttisimportant to stress that steps 1-4 are an adaptation of the
laws of quantum mechanics to secondary school. These laws

fund: 1in the sense that they cannot be derived from

the interference pattern disappear, as the mass is increased (top,
n-lll.-dbdhnp-uh.m

Pmml.hisﬁnmuhil'sdeanhnitisthemhbﬁmnp
and h that d ines the undulatory ch of the sys-
tem. For macroscopic objects X is so small that undulatory
characteristics are imperceptible. On the other hand for elec-
trons, for instance, A can be large enough 1o exhibit interfer-
ence effects.

Finally, let us note that in terms of the DeBroglie wave-
length, the cosine argument in the probability distribution has
the form 2rAR/ X, with AR = [R, - Rzl(ﬂ&appendlx)‘

‘The ended st hs of a real
double-slit experience with electrons, d\owlng how the inter-
ference pattern on the screen is made up from the individual
impacts of electrons.

THE PHYSICS TEACHER ¢ Vol. 50, Manci 2012

‘basic principles. On the other hand these laws predict re-
Mbdmmmmmwﬁmmwhﬂxm
the theory. For instance, it correctly predicts the distribution of
electrons in the double-slit experiment.

Modellus™ version 2.5, developed by Victor Duarte Teodoro

and Joao Paulo Duque Viera, Filipe Costa Clérigo Faculty of

SdmmdezdumlngyanUnhenily. Lishon, Ponnpl.
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Online appendix can be viewed at dx.doi.org.10.1119/1.3685112.
Images obtained from en.wikipedia.org/wiki/Double-slit

experiment.
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