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Project AIM

What is our goal?

Project strategy

How to do it?

Facilitate the process of teaching
contemporary quantum physics in
regular high school classroom activities

Promoting the use of mathematical
concepts and tools, such as complex
numbers, vectors and matrices to generate
significative connections between physical
phenomena and experiments.




Classical models of light
(particle/wave)

Teaching - Learning Sequence in a nutshell Wave optics & Complex
numbers

“[..] to promote the comprehension of the

Diffraction and interference
fundamental role of linear algebra (vectors

and matrices) in physics” Phenomenology of
[Italian Maths Curriculum learning outcomes] Polarization
e Significative context for complex
numbers.
e Introduce an effective formalism to Polarizer Matrix

analyze the state of quantum objects
and their evolution.

U Experimental activities BteRSbis]slelss

conceptual understanding.

Sequence of Polarizers

Quantum Light
polarization states



Polarizers and their mathematical representation

Find the matrix of
the H polarizer




Polarizers and their mathematical representation

Generalization:

the polarizer action could be
represented as a “rotation” of
the “light vector”

Task 2

Find the
rotation matrix

R(6) — (cos@ sine)

—sinf@ coséf



Polarizers and their mathematical representation

_PHZ
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Py := R(—0) Py R(6)

( cos® 6 cos 0 sin 9)

cos @sin @ sin? 0

Task 3

Find the polarizer Py = [1 O]
matrix 0 0




Malus’ Law

Experimental activity
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ListPlot [ {Table(pol(1, n], {n, 1, 200}]}, GridLines - {{}, {1}}]
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Sequenza di Polarizzatori
® I(mV)-take2 @ | (mV)-takel | - teorica
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Sequence of polarizers

Experimental activity

In this activity students measure how light
intensity changes in a sequence of polarizers. N (numero polaizzator)

o
a
=]

Intenita (mV)

3

e
Q




Group composition: gender

Have you ever taken a course about light and its properties?

female

Results

N = 20 students
IV Liceo Scientifico (17 yo)

context: Virtual Optics Summer School
(Online course)

Lab activity: Malus' Law using smartphones (N=20) Sequence of Polarizers: use of matrices to predict light state (N=20)

parziale non disponibile

completo

non disponibile



In a significative context (light polarization) students learn how to use useful
C 0 n c I u S I 0 n S mathematical concepts (complex numbers, vectors, matrices, all part of Maths
curriculum) that support the understanding of physical phenomena.

How to facilitate the process of
teaching contemporary quantum
physics in regular high school -
classroom activities Barz P(O) Bor = af’;c;ﬂ.
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The use of a powerful mathematical language can support students understanding of
contemporary quantum experiments, such as the single photon interference in a
C one I USIONS Mach-Zehnder interferometer using polarized beam splitters (PBS)

How to facilitate the process of Interferometro di Mach Zehnder
teaching contemporary quantum

0)

I
physics in regular high school :
I

classroom activities

2 5 1
2\1+e““ =E(1+0085)

I
p_‘zf




