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at different frequencies 
i can then be used to give plausibility to the 
fundamental relation ,  = c/-. by graphing �i as a function of values 1/
i .  
 
Fig. 1a. Plane wavefronts pattern on a 
ripple tank screen 

  

Fig. 1b. Plane wavefronts represented 
by lines with Cabrì® 

  
 

The same procedure can be performed to study circular waves 
patterns. In this case, it is useful to address how one approximates the 
finite dimension wave source with a point from which several concentric 
circumferences depart and propagate on the plane, and the “real” 
wavefront with an ideal circle.  

Another interesting case is the analysis of two point-sources 
interference. A typical interference pattern (frequency = 50 Hz) is shown 
in Fig. 2a.  

First, we substitute real sources with points (S1 and S2 in Fig. 2b); 
then crests (dark zones) and troughs (bright zones) with concentric circles 
centered in S1 and S2 in order to adequately represent the interference 
pattern. In Fig. 2b, circles which approximate crests and troughs are 
drawn respectively in black and grey. The geometrical model is then 
improved by identifying intersection points between crests-troughs (water 
at rest, nodes), or crests – crests, troughs-troughs (water undergoing 
maximum perturbation with respect to equilibrium level, anti-nodes). 

Cabrì® helps students to recognize in an easy way these nodal and 
anti-nodal points as intersections of circumferences and also that such 
points all lie along distinct lines (actually points can be joined by 
segments which roughly form a line), symmetric with respect to the so-
called central anti-nodal line, which approximately represents the axis of 
the segment joining S1 and S2 (Fig. 3a and 3b).  
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Fig. 2a. Circular wavefronts pattern 
on a ripple tank screen 

 
 

Fig. 2b. Circular wavefronts 
represented by circumferences with 
Cabrì® 

  
 
 
 

Fig. 3a. Nodes (crosses) and nodal 
lines (white lines) 

  

Fig. 3b. Antinodes (squares) and anti-
nodal lines (grey lines). Central anti-
nodal line is the thickest. 

  
 

Using the “Distance and Length” and “Measure Transport” Cabrì® 
functions, for each node or anti-node, one can measure their distance 
from the sources S1 and S2 and determine the path difference in that 
point (i.e. the difference in distance traveled by the two coherent water 
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waves). A further analysis of the drawn pattern can help to recognize that 
all points on a given nodal or anti-nodal line can be characterized by 
approximately the same path difference (see Fig. 4a and 4b, the 
measurements are expressed in arbitrary units).  

 
Fig. 4a. Above: Distances of two 
points, N1 and N2, lying on the same 
nodal line from sources S1 and S2. 
Below: Comparison of path differences 
for nodes A1 and A2 

 

Fig. 4b. Above: Distances of two points, 
A1 and A2, lying on the same anti-
nodal line from sources S1 and S2. 
Below: Comparison of path differences 
for anti-nodes A1 and A2 

 

 
 

The model of anti-nodal and nodal lines geometrical pattern can be 
quantitatively analyzed by studying the path difference in points located 
on the intersection of nodal and anti-nodal lines with a line parallel to the 
segment which connects the two sources (see Fig. 5a and 5b) as a 
function of whole-numbers (points on anti-nodal lines) or half-numbers 
(points on nodal lines). In this way, the plausibility of the relationship 
between path difference and wavelength can be investigated and more 
plausibly supported.  
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Fig. 5a. Nodes (filled circles) are 
marked on a line parallel to the 
segment joining S1 and S2 to study 
plausibility of interference laws. 
Central anti-nodal line is white 

  

Fig. 5b. Anti-nodes (crosses) are 
marked on a line parallel to the 
segment joining S1 and S2 to study 
plausibility of interference laws. 
Central anti-nodal line is white 

  
Discussion and future work  
The above examples show that the modeling images approach allows to:  

- perform measurements of wave’s characteristic parameters. One 
of the main problems in using ripple tank has been that of realistically 
reproducing with paper/pencil the wave patterns produced on screen. A 
naïf method for performing measurements consists in placing a sheet on 
the screen. This makes it difficult to draw precise lines and curves; as a 
consequence the performed measurements have a low level precision. 
The presented approach can improve dramatically the precision of 
measurements (also easily reproducible) and, due to its simplicity and 
straightforwardness, it can be easily implemented in high school 
laboratory courses, integrating experiments with computer activities. 
Moreover, digitalization of the photo shots helps to overcome difficulties 
with image quality since basic color filters are now available in all 
downloadable shareware software. Finally, our approach allows to reflect 
on the influence of parameters such as photo resolution, brightness, 
contrast on the precision of the measurement. This can be a way to 
introduce students to the themes of sampling and representing continuous 
data, and gives them the opportunity to enrich their learning of physics 
and related technologies; 

- give plausibility to a descriptive geometrical model of mechanical 
waves. As said above, research has shown that many students’ difficulties 
with waves physics concern dealing with abstract entities which describe 
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wave phenomena as wavelength, wavefronts. The modeling images 
approach addresses specifically such difficulties since it allows to 
construct the geometrical model starting from the “real wave propagation 
pattern”. The potentialities of water tank experiments, iconic 
representations and simulation environment are jointly used to get a more 
clear picture of phenomena: abstract descriptive entities are not only 
“seen” but geometrically represented and manipulated, therefore students 
can be helped to develop a deeper formal knowledge of wave physics. 
Moreover, the students are highly involved in the learning process since it 
is up to them to choose the line or circle which best represents 
experimental wavefront; finally, using Cabrì® dynamical control of 
geometrical entities, students can exploit a “what happens if..” approach, 
investigating effects of other choices of lines or circle on the whole wave 
pattern, hence deepening the understanding of the role of model’s 
parameters (as wavelength). 

Future work includes the improving of the geometrical model, the 
application of our approach to measurements of other wave phenomena 
(as Doppler effect) and the comparison with measures performed with 
other modeling software tools; it is also planned to design a wave tutorial 
both for students and pre-service teachers and to further investigate issues 
such as software precision and image resolution influence on 
measurements. 
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