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Phasor wheels for quantitative learning of quantum physics *

Rahul Choudhary *, David Blair

Abstract: There is wide recognition of the immense applications of the concepts of quantum physics
in modern technologies such as solar panels, mobile phones, global positioning systems, and med-
ical physics which is promoting the need for the introduction of these concepts at an early age. To
make the concepts of quantum physics accessible to students of middle school and above, the Ein-
stein-First project has developed tangible and tactile tools in the form of models and analogies. Until
now in this project, we presented the concepts of quantum interference as a modern observational
fact. To give a more comprehensive understanding of these concepts, we present a graphical ap-
proach for exploring basic quantum mechanical phenomena such as matter-wave interference, dif-
fraction, and reflection based on Feynman’s method of summation of all possible paths (path inte-
grals). We developed tactile tools called phasor wheels which can be used to perform vector sum-
mation and obtain the probability amplitude of photons. Supported by videos of single-photon in-
terference and matter-wave interference (such as phthalocyanine molecules), students obtain in-
sights into the quantum world in which observations represent the quantum probability ampli-
tudes. Results from trial programs on high school students (14-15 years old) showed the possibility
of teaching these concepts.
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