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1. Value of using on-line sensors in didactic laboratory

Social, methodological-disciplinary and practical reasons lead to the using of computer in school

laboratory:

= Our everyday life is full of computerized objects and it is important, on social level, to prepare
young students to this continue evolution, with information, adequate experiences,
methodologies and critical instruments to understand and use such apparatuses.

= In research laboratories computers manage data and are integral part of the investigation. So
on-line experiments may allow students to understand contents and methods characterizing
physics.

= On practical level, on-line experiments offer efficiency, time-saving, reliability, precision,
reproducibility of data, all with quite cheap instruments. Moreover they allow an immediate and
direct contact with the phenomenon, advancing a laboratory open to the personal construction of
ideas and new occasion of learning, thanks to the following potentialities:

- Extension of the possibility of

* observation of events too much quick or slow as regards manual measures

* measures in rather inaccessible places

* collecting data easily, favouring in this way the comparison of diagrams and graphs, the
search of characteristics and boundary/ initial conditions, various considerations about the
analyzed system (e.g. energetic)

* study of non linear processes, like the transitory in several types of phenomena, thanks to the
quick data acquisition (not possible in traditional laboratory, where measures regard the
variation of quantities in initial and final equilibrium states). This allows familiarity with
experimental situations and theoretical closely examination based on experimental evidence.

These possibilities make the experimentation in school closer to the reality and, thus, more
interesting and stimulating, so that phenomena may be analyzed in their completeness and
interpretative models easily understood.

- Improving quality of the measurement, its reliability and sensitivity, that allows both advanced
and base experiments, these latter in several deeper ways, to encounter the interests of students, so
that the laboratory becomes culturally stimulating.

- Time-saving (collecting quickly data on-line) and good reproducibility, that favours the
conceptualization and the focusing of the attention on data, on planning and manual aspects (choose
of the experiment and its assembly), on physical problems, on the description of the characteristics
of phenomena, on the comparison between different experimental situations.

- Collecting many data, that limits the introduction of hypothesis and allows the use of statistical
methods

- Attention to conceptual aspects of procedure of measurement: setting and calibration of the
system, choice of the measure interval, sensitivity, resolution, time of data acquisition.

- Real time graphs of time depending (or not) phenomena, whose understanding (of role and
meaning) may help in overcoming some cognitive problems (e.g. lacking in capability of execution
and use of graphs) thanks to the following potentialities:

* visual impact favours the analysis of the phenomenon

» the possibility to follow, in real time, the evolution of the phenomenon and/or the
characteristics of collected data stimulates the search of interpretations, common discussion,
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the comparison of ideas, analysis and selection of meaningful parts, the determination of
questions and problems to test.

* in explorative activities, in which student compares sensorial information with signals
collected by the sensors, the graph favours the rationalization of sensations and the nucleation
of interpretative hypothesis.

* collecting several graphs for each event makes graph a familiar representative tool.

- Developing of planning capability, comparison between data collected in different times and
conditions, comparison between phenomena describable through similar formal relations.

- Applications in system of control that allow to understand the concepts of feedback, stability, not
linearity, and to develop plans for automation.

- Possibility of integration with other software: a) of calculus, for data processing, b) of simulation,
for the comparison with the theory, c) of modelling, for a process of interpretation that starts from
the hypothesis of the students. The software is a set of tools for data processing. It has to be open,
flexible, multifunctional and it represents a powerful tool to analyze conceptual meaning of data, to
develop analytic thought, investigative interest, intuition and theoretical thought.

It is clear that on-line experimentation cannot and mustn’t be the only way to carry out a laboratory
activity. But a correct management of the activity avoid the reduction of active participation of
students and capability of analysis of the experiment. It may stimulate a deeper study of treated
argument: in fact it often happens that the graphs given by computer suggest other graphs.

2. Sensors as proposals of extension of senses

Thinking to the validity and opportunity of introducing the use of on-line measurements in didactic
laboratories also at low level (12-16 years old), It emerges the need for systems easy to be carried
out with cheap materials, directly connected to the computer via USB, so that requires brief time of
setting up and few knowledge of electronics, for a good use and eventual modifications.

In this prospective on-line measurements with sensors are thought as a first extension of senses in a
laboratory that aims to a study of phenomena to reach a formalization based on an interpretative
examination of experimental analysis.

A continue and active intervention of the user is required, both for the choice of the parts to utilize
and for the way to utilize them. Moreover, several activities are possible: common or in group
phenomenological exploration, experimentation to individuate relations between variables, measure
of physic quantities, proof of theoretical hypothesis, experimental examination of phenomena. The
user has to plan the way to carry out the experiment too, so that planning and manipulative aspects,
the analysis and the interpretation of data, are choices in an experimental activity in which each one
may organize the construction of his knowledge.

The hardware is simply made of sensors, connected directly to the computer via USB.

The software usually offers several options for each phase and the user may choose the procedure
(e.g. setting up, calibration, measure, management of files) and assign few operations and
parameters (e.g. sampling interval, number of sensors to use, variables and scale for real-time
graphs). Here we present three examples of hw-sw systems on thermal, optical and electrical
phenomena.

3. Real-time Temperature vs Time measurement with Termocrono
Termocrono is a system based on on-line sensors to make four contemporary real-time measures of

temperature that allows to follow thermodynamic processes. The connection to the computer is via
USB. The system consists of a hardware and a software part.



The hardware has a circuit for data acquisition and analogical-digital conversion. The temperature
measure is based on the measurement of the inverse saturation current of germanium inversely-
polarized diodes. The conversion is of current-time type to utilize the precision of quartz oscillator
of computer to do the measure. With the same supply of computer and though each diode a
capacitor is charged, at ends of which a tension comparator is inserted, with predefined minimum
and maximum values of intervention. A monostable vibrator generates a square wave, that starts
when that minimum value is detected, and ends when that maximum value is measured. So the
duration of the square wave depends on the time (t) of charge of each capacitor, that depends on
dynamic resistance R of the diode (t=RC), that depends on the temperature of germanium diodes, in
which the saturation inverse current is a constant strongly dependent by the temperature.

The duration of square wave is measured, utilizing a quartz oscillator (16 MHz). With the frequency
counting set off by the oscillator you detect the number of impulse generated in the period of
activation of the square wave, so that the temperature measure depends on the number of generated
impulses.

The utilized impulses meter is at 32 bit, with a time-out value at 22nd bit (4.194.303 counting):
above that value the sensor is supposed bad working.

An interface card, implemented with a microcontroller PIC 18F252 by Microchip Technology, is
used to read in the same time the four counting of the four independent sensors. The counting is
sent to the computer via USB connection, realized using a decoding module FT245BM.

Fig 1 shows the circuit, contained in a little box (cm 9 x cm 4 x cm 1,5). The temperature diode-
sensors are connected to four bipolar cables (2m) that are connected to the box through only one
connector. The four sensors may be used independently too.
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Fig. 1. Circuit for signals acquisition and Fig. 2. User interface of the software of the system
analogic-digital conversion of data Termocrono.
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Fig 2 shows the user interface: It is possible to visualize at the same time the graph and the data of
one or all the sensors. Graphic scale may be at dynamic or fixed optimization.

A specific function of the system allows the calibration using the comparison with an other
thermometer in a minimum of 2 and a maximum of 15 thermal equilibrium states. The values of
temperature are determined by the system through a fitting between the calibration points, utilizing
the function of transfer of the system.

The measure interval is [-10°C,+100°C], the sensibility is 0,1°C, the measure accuracy is +0,3 °C.
Each group of sensors requires calibration before using. The calibration is stable for the same
hardware group. The function “Real Time Plot” of the program activates the measure. Data
acquisition consists of a measure per second and a real-time graph, that evolves in time, is carried
out on the video.

Graphs and tables may be saved in archives, so that they may be recalled for examination and/or
printing. Recording format of tables of data is directly compatible with any calculus sheet.
The system may be used with any computer via USB connection.

3.1. Examples of measures

Termocrono is proposed as extension of senses for experimental explorations at low school level,
thanks to Its semplicity and flexibility [Michelini e Stefanel, 2004; Michelini e Pighin, 2005].
Thanks to the sensibility, accuracy and quick data acquisition, It allows experimental study of states
of thermodynamic transformations. So it allows the study of transitory states too, as impulses and
thermal waves, possible with difficulty with other systems in didactic laboratories [Mazzera et al,
1996]. Here some examples of measures are presented, relevant for different aspects, to understand
the meaning of measure of temperature and the zero principle of thermodynamic.

A) Two sensors are on a table; a student takes in his hands a sensor first, then both and at the end
puts one sensor on the table again.

This experience makes students aware that:

- the table and the hands are two systems with different constant temperature

- during the transitory the sensors measure their own temperature

- only when sensor and system are in thermal equilibrium the given information about the
temperature regards the system

- the different length of the phases of warming and cooling of sensors is caused by the different
efficiency of the systems during thermal interaction.

Equilibrio termico di masse d'acqua diverse

Fig.3 — Evolution in time of two masses of water of 300g and 150g at the temperature of 10,2°C and 49,8°C.



B) In Fig. 3 the evolution in time of the temperature of two masses of water (ml= 300 g at
T1=10,2°C and m2= 150 g at T= 49,8 °C ) is shown. The system is so set: the box with the mass
m2 is putted inside the other. The two systems evolves towards a common equilibrium temperature,
weighted average over the masses (Fourier law of thermal equilibrium). Resulting equilibrium
temperature is 24,1°C and allow the calculation the mass 11,9 g as equivalent in water of the box.

C) The sensors are covered with sheets of different materials and are at home temperature on a
table; a student takes sensors in his hands, waits thermal equilibrium, then put sensors on the table
again. This experience makes students aware that the sensors reach the same temperature but in
different time intervals, dependent on materials, and introduces the idea of thermal conductivity.
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Fig. 4 — Evolution in time of the temperature of 4 sensors of different masses in a big mass of warmer water.

D) Fig. 4 shows data obtained when the four sensors are covered with different masses of
aluminium (0, 2, 4 and 10g) and putted in a big mass of warmer water (isothermic).

The dependence of the time to reach equilibrium on the mass of aluminium allows to understand the
meaning of time of response of a system and to calculate It.

It is possible to study the exponential low to reach equilibrium.

4. A simple system for diffraction experiments: Lucegrafo

Here are presented the hardware and the software characteristics of a simple home-made system for
on-line data acquisition of light intensity according to Its position.

Hardware:

The equipment is elementary: a commercial linear cursor potentiometer, a phototransistor, an
assembly box, USB cable.

Fig 5 shows that the phototransistor is inserted in a housing made an aluminium block solid with the
cursor of the potentiometer, so that the optic signal is correlated with the position by means of the
resistance of the potentiometer. A small rectangular screen (12 cm x 2 cm), solid with to the optic
sensor support, has the function of allowing overall qualitative observation of the distribution of
light intensity. At the centre of the screen there is a hole (section area 1 mm?) functioning as a
diaphragm for the optic sensor. A screw guide for fine movements of the cursor is eventually
available. Both the sensors (potentiometer and phototransistor) are connected to the processor via
USB. The calibration of the system is made measuring the light intensity as a function of the
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distance from a point-like source. The experimental dependence of the light intensity on the square
of distance is both a confirm of the current transfer function assumed and the way to find the
unknown parameters.

Fig 5 The Lucegrafo system

Fig 6 The apparatus for the measurements

There are 3 ranges of sensibility, to acquire the 12" maximum and the central maximum, at a
distance of 2 m, with a single slit of 0,1 mm and a laser with A~650A..

Software:

During the measure the system acquires and represents on the screen, both in graphical and
numerical way, couples (I,x) (intensity, position), one per second, so that, moving linearly the
cursor, the space distribution of light intensity for a length of 60 cm is acquired.

The measure is represented in linear response: the intensity, in the graph, is represented in arbitrary
units, proportional to the light intensity incident the sensor.

Here some examples of activities are presented, those impossible to carry out with traditional
systems without sensors in didactic laboratories.

A) Exploration of light intensity distribution of a diffraction pattern :

Qualitative inspection of the diffraction pattern on a screen, changing the distance D between the
slit and the screen: the screen intercepts constant angular distribution of light intensity; in fact, the
distances of minima and maxima from the central maximum increase proportionally to the distance
D.



The system cannot reveal in the same scale both the intensity of the central maximum and those of
the nearby ones, unless the incident intensity is reduced(see Fig 7 and Fig 8). This give the
opportunity for a discussion both of the characteristics of the diffraction pattern and those of optical
Sensors.

Fig 7. Diffraction pattern with the system in the low range of sensibility.
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B) Analysis of peak intensity

The Fraunhofer approximate law for light intensity /,, of the maxima of order M>0 relative to that

: 1 4 . .
of the central maximum /, : - = ————— expresses the proportionality between peak high
I, 7°(2M +1)
and the inverse of the square distance from the central maximum on the screen.
In fact, by substituting the approximate relationship for the maxima position:
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Plotting versus X,, — X, we obtain a straight line (Fig 9).
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Fig 9. Inverse of the square root of he intensity of the maxima as a function of their distance from
the central one. The case of a slit of 12 um and screen distance D=1,4m.
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The central maximum intensity can be calculated from the slope of the straight line through the
origin, starting from the other involved parameters.



5. Resistivity vs Temperature measurement in superconductors
Electronic solution for the measurements:

The measurements are carried out in 4 points in line configuration, measuring he tension between
two internal points with injected current of 100 mA.

A constant fixed current value is obtained by producing a constant reference tension with a zener
diode in a circuit where two operational amplifier are located to provide to the tension measurement
on the sample (between the two internal point contacts) for he resistivity measure (milliohm). The
problem of bias tension of the contacts is overcome, because the output reference tension can be
fixed via hardware, minimizing the input current in the operational amplifier. The amplification rate
ranges from 5 (open circuit) and 1000. the second amplifier guarantee measured values of the order
of mV. The temperature measure is done by the platinum resistance PT100 (R=100 ohm at 0 °C)
with resolution rate of 0,4 Ohm/°C. A 12 bit ADC converter is enough for the temperature measure
in the working range, with resolution less of 0,1 °C:

The data acquisition and the software interface

The measurement of temperature and resistivity are carried out by using two 12 bit ADC converter
and a programmed multiplexer PIC 18F252 of Microchip Technology.

Data are acquired via USB using a decoder module.

The interface (Fig 10) is very simple and familiar. Real time graphs are produced on the screen.
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Fig 10. the user interface
The probe box:

In fig.11 is shown the measurement system. A cylindrical Al box realized the thermalization
area.
The Cu code of the box is putted in liquid nitrogen. The heater is realized by two resistance of 100
Ohm (1 watt) are inserted in a parallel circuit on the base of the Al box.
The increasing of the temperature is realized by acting via software on an analogic heliport
potentiometer connected with a power transistor given the requested corrent to the heater.
The resistivity measurements are carried out in rampa .



The testing system:

The temperature sensor is putted in contact with the sample in the Al box and connection wires are
collected on the cover of a thermos containing the liquid nitrogen .

Fig 11. The measure system

Testing data:

In fig. 12 are shown data obtained in rampa heating at 0,02 °C per second.

10



Misura in salita (campione commerciale)

Resistivita ( m ohm)
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Fig.12 — Data obtained with commercial sample at heating rate of 0,02 °C/s
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