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Resumen

In Portuguese high school curricula concepts of quantum physics are taught
Kin the discipline of physics in the 12th year of education. These concepts
underlie the functioning of modern nano devices and nanotechnologies, but are
difficult to understand by the students of this level of teaching, thus making it
necessary the integration of new strategies to facilitate teach ing-learning process.

In this we show the activities we developed to illustrate the Heisenberg
uncertainty relations, based on a simple low cost experimental setup and a
computer simulation program in Modellus to study the diffraction of light by aslit.

Acknowlegments: This work was supported by the project (PTDC/FIS/098943/2008)
funded by the Portuguese Foundation for Science and Technology (FCT).
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/INTRODUCTION f

Most of the technological equipment that we use nowadays, functions based on phenomena explained by Quantum Physics concepts,
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which are taught at high school level. These concepts are difficult to understand for most of the students, being thus of utmost

importance to develop new strategies that favour the teaching/learning process. Here we present a classroom strategy to introduce and

explain the Heisenberg Uncertainty Principle by combining an experimental and computational approach. Using the software package

Modellus 4.01 is possible to show and explain electron beam diffraction by a single-slit, while experimentally it is possible to observe

we same physical phenomena with a light beam, being both strategies accessible to most of the teachers for using in the classroom. /

TEORETICAL CONCEPTS

Electrons where:

To show the implications of Heisenberg’s

Uncertainty Principle, lets consider the electron
beam diffraction by a single-slit with width Ax,
where each electron has a linear momentum (p) .

From figure 1 is possible to see that:

For small values of 6 we can consider that sen 6

=~ 0 and tg O = 0 , and thus the previous

equations can be written as:

tg 0=p,/p, (1) uncertainty in its momentum (Ap, ), which
And the condition to occur the first minimum is: is given by Ap, 2= p, x A/Ax . Assuming
d
sen B=A/ Ax (2) equation of De Broglie (A=h/p, ).

=P, x A/Ax (3)
For those electrons that, after pass through

the slit, reach the detector in the central

region of maximum, are subject to an

Ap, x Ax 2h (4)

Where Ax is, simultaneously, the slit width

and the uncertainty on the x position of the

Figure 1

p,x 0 = p, and B=A/Ax electron when passes through it.

/ EXPERIMENTAL ACTIVITY \ / COMPUTATIONAL ACTIVITY \

Material: A slit with proper width can be In the simulation, each dot represents an electron that passes

made using to two shaving blades thought one slit and is detected by a target (black rectangle). A

attached to a black cardboard and a laser bar graph that represents the amount of electrons that reaches

beam. the target is plotted. At each moment, the student can stop

Proceeding: Focus the laser beam in slit, electron emission and plot a graph that best fit to results

bending the cardboard to fit the slit widy vbtained. An interference pattern appears after some time. /

RESULTS T — \

The width of the central peak of the diffraction pattern DIFRAGAO DE ELETROES

EXPERIENCIA DA FENDA SIMPLES

increases with the decrease of the slit width, corresponding
to an increase of the uncertainty Ax.

Decreasing the uncertainty in the position x leads to a

narrow on central peak of the diffraction pattern . In this way
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\ " Ap, x Ax is always higher than h. .5 fa- o jcso /

4] CONCLUSIONS N

The activities proposed assists the teaching and learning process of Quantum Physics concepts, namely Heisenberg’s Uncertainty
Principle, as well as De Broglie’s equation.

The materials used and the software package are accessible to teachers and can easy be implemented in the classroom.

Qhe simplicity of the activities makes them suitable to be clearly explored in the classroom. /
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