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Datalogging and Modelling of Motion in Physics Learning D. Beaufils, F. M. Blondel, J.C. Le Touzé, A. Guillon(*) Institut National de Recherche Pédagogique, (*) Université de Cergy-Pontoise, France



Summary In physics, the elaboration of models from experimental data is one of the important activities enhanced by uses of computer. To promote this activity in the practice of teaching, we designed several packages for Newtonian mechanics that include tools such as half-automatic data logging, function plotting, and numerical solving of differential equations. Two of them are based on technologies of digitisation: graphics data tablet and video digitising boards. Ail these packages can be used in the laboratory work of undergraduate students and especially in the initial physics teacher training. We describe here some of the available tools and the corresponding scientific activities, like the study of movements of sportsmen from video recording. Keywords: physics, Newtonian mechanics, undergraduate level, teacher training, modelling, images, digitisation, sportsmen movements.



Computers are now daily used by researchers, notably in many fields of science. The move from computer based research work to science teaching activities lead to important questions: how can we design new tools enabling students to reach new contents or to learn current ones differently? How far these tools may enhance scientific teaching with respect to student’s levels and abilities? What changes can be introduced in students' activities and teachers training? The packages we developed at the Institut National de Recherche Pédagogique for Newtonian mechanics are based on half-automatic data logging with photoelectric sensors, x-y measurement on images of recorded movements, function plotting and numerical solving of differential equations. They make it possible for students to manage modelling investigations.



1. Computer based activities in physics teaching 1.1. Modelling activities In physics, setting up models from experimental data is one of the most fundamental activities, which has been emphasised by researchers and teachers since the generalisation of computing. Two main reasons allow us to put forward this modelling activity for consideration in physics teaching: (1) the numerical and graphic methods are easily adapted to the students knowledge and abilities, and (2) the 'experimental approach' in physics teaching is essentially based on the ability to compare measurements to theoretical models. To facilitate this computer-based laboratory work, we first made several packages, which concern some usual studies involving Newton’s law: free-fall motion (CHUTE), sliding on an air track (PLAN) and harmonic motion (OSCILLATEUR HARMONIQUE). In these programs designed for the secondary level, suitable tools are implemented to perform different activities, form data logging to theoretical modelling.
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1.2. Basic tools 1.2.1 Data logging The small ball during the free-fall in CHUTE or the sliding object in PLAN intercepts the photoelectric cells which are connected to the computer through a digital converter (interface). Using the internal dock, the program memorises the dates and the speed for each position. In OSCILLATEUR HARMONIQUE, a potentiometric sensor gives an electric voltage analogue to the distance and a suitable loop memorises the successive positions of the object at a regular programmed rate.



Data logging device for the vertical free-fall



Data logging device for the linear oscillator



1.2.2. Calculation of new physical quantities The calculation of new quantities from initial data allows the user to study the evolution of the system under various aspects: speed, acceleration, kinetic or total energy. By that way, the experimental points can be plotted in numerous graphs, which can lead to various conclusions.



Plotted graphs of experimental data in CHUTE: square of speed against distance and kinetic energy against work of weight
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1.2.3. Function plotting This classical tool of graphic modelling can be used to superimpose mathematical functions on experimental points in order to test empirical model. To give a quantitative information about the adequacy of the model, we implemented an additional tool which calculates the variation of the mean quadratic deviation (J) according to the variation of a parameter (b) and displays the results in a (J,b) graph.



PLAN: function modelling and square-error representation



1.2.4. Numerical solving of differential equations The calculation of numerical solutions of differential equations (drawn from Newton's second law), enables to compare a model built from a theoretical analysis of the phenomenon. The user enters his mathematical equation through the keyboard and the calculations give the successive theoretical values which arc plotted onto data points. If the user changes the physical quantities plotted on the axis, the values of the new quantities are calculated and the curve is automatically redrawn m the new representation.



Graph of height versus time in CHUTE: theoretical modelling and experimental data



13. Scientific investigation of more complex situations Some of these packages are used in the initial physics teacher education ('CA.PES') training). During their scheduled laboratory work, higher students learn how to use these new scientific tools, as they learn to use oscilloscope or multimeters and perform studies on more complex situations. For instance, the falling mass drags a rotating wheel which has an angular momentum, the moving object on the inclined plan is rolling and the kinetic energy of rotation has to be taken into account, the sliding or the oscillations are perturbed by friction which has to be modelled, the mechanical oscillator is no more harmonic (pendulum swing, software Le PENDULE, see figure). In all these cases, the numerical solving of differential equation appears as a very useful tool in real problem-solving situations. Datalogging and Modelling of Motion in Physics Learning, in actes de la conférence internationale Computer Aided Learning and Instruction in Science and Engineering CALISCE’94, Paris, 313-320. 3/7
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Modelling of a complex phenomenon in LE PENDULE: non-harmonic oscillator with friction



All these software programs are effective scientific tools. Students are not only confronted to academic questions, but they have to investigate more realistic phenomena; in other words, they are not simply requested to follow a pre-established work-plan. First, they have to initiate an expert work (by making observations and assumptions), then to plan the adequate steps required, and to carry out the experimental activity, and finally to set up anti validate a model.



2. Computer software to work with analogue and digital images 2.1. Camera as a sensor and images as primary data In addition to the well-known sensors and interfaces we mention above, new technologies such as graphics data tablet, scanners, digitising boards can also be used for measurement. In this direction, we designed two specific programs (TABLE and IMAGE) to analyse movement through multiple-flash photographs or video recording and digitisation. TABLE has been designed for the study of plane movements, especially those that occur under Earth's gravity. Measurement of x,y co-ordinates is made from strobe photographs through a data tablet. Numerical and graphical functions make it possible to calculate new physical quantities such as velocity, acceleration and energy, and to carry out two kinds of mathematical modelling: description by a function and theoretical interpretation with the Newton's second law, as described before.



IMAGE also has been designed for the study of plane movements, but measurement of x,y coordinates is made from digitised images (BMP format). Some videoboards (as VideoBlaster © or ScreenMachine ©) which display the video image onto the computer screen, allow the user to bypass the digitising phase, and so, make it possible to measure directly on the screen. In every case, the Datalogging and Modelling of Motion in Physics Learning, in actes de la conférence internationale Computer Aided Learning and Instruction in Science and Engineering CALISCE’94, Paris, 313-320. 4/7
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videotape has to be read frame by frame with a good video recorder in order to give a precise measurement. For digitised images, several special functions are available to enhance image. By that means, it is possible to modify the colour map or to heighten the contours to make the location of objects easier. Numerical and graphical functions arc also available with the possibility to superimpose theoretical drawing onto the image itself, the screen becoming the location of phenomenon/model comparisons.



2.2 Analysing sportsmen movements at high level Such techniques are used in sport science research to study the movement of the sportsman body or the trajectories of golf balls, shuttlecocks, javelins or arrows. With the help of TABLE and IMAGE, we proposed similar activities to the students during their 1st and 2nd year of science education at university. To take an example, one of the scientific questions we asked to the students was about the movement of the centre of mass of a gymnast during a horizontal bar practice (grand circle and pull-up with outstretched body): can we consider the movement of the centre of mass as first circular and then parabolic? The successive phases of the whole activity are: 1- the students have to prepare the video recording; hem, the moving camera is placed at the height of the bar and at a large distance from it; a scale frame is then first recorded; 2-the movement (hem performed by a professional gymnast) is recorded; 3- with IMAGE the x-y measurements of head, hands, elbows, shoulder, hip, knees and heels locations are made at every frame; 4- with TABLE or IMAGE a model can be set up and tested; for this purpose, a biomechanics model of human body (see the table below) is necessary to calculate the location of the centre of mass of the gymnast. Bio-mechanic model of a human body of total mass M Part



mass



h



arm body head leg



0.100.M 0.497.M 0.081.M 0.322.M



(distance) shoulder - hand hip - shoulder shoulder - top of bead heel - hip



centre of mass (position) 0.53h 0.50h 0.72h 0.447h



In this study, a specific complementary program was designed by the students to draw the “skeleton” representation (kinogramm, see figure below).
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Kinogramm and graph of the trajectory of the centre of mass



3. Discussion and future plans Concerning technological aspects, we have to underline one of the main difficulty in the study of movements from real life images; there are several conditions to be satisfied in order to obtain images which are good enough for processing and measurement: lighting, contrast, optical distortion, information about the 3D components of movement for geometric transformations. Our work is now aimed to put together digitisation and image processing in order to be able to analyse phenomena in other domains like fluid mechanics, waves, geometrical optics, thermal imaging or astronomy. Further software will be designed for the Windows environment. Concerning the pedagogical aspect, we now examine the way to integrate these new tools and the new methods they imply in the courseware at secondary level. But this lead us to consider at the same time, the didactic constraints of students capacities, the possible evolution of curricula, and the new contents of teacher training.



Example of wave images: interference and plotted hyperbolas



Programs software All mentioned programs run under PC DOS computers with VGA card: CHUTE, PLAN: published by INRP and JEULIN OSCLLLATEUR HARMONIQUE, LE PENDULE: published by CNDP and Langage et Informatique TABLE, IMAGE: published by INRP and CNDP Datalogging and Modelling of Motion in Physics Learning, in actes de la conférence internationale Computer Aided Learning and Instruction in Science and Engineering CALISCE’94, Paris, 313-320. 6/7
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