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IntroductionIntroductionIntroductionIntroduction    

Improve Physics Education in Secondary  

School (14 -18 years) in order to have more  

talented and prepared students enrolled in  

Scientific degrees 
 

All activities are realized within the Italian  

National Plan for Scientific Degrees  

(Piano nazionale Lauree Scientifiche, PLS) 
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More attention to Laboratory 
 

  Laboratories which approach the discipline and   

 develop  scientific vocations  
 

  Self-assessment laboratories for improving the  

 standard required by graduate courses  
 

  Deepening laboratory for motivated and  

 talented students   waves and sound 

 



Sound and noiseSound and noiseSound and noiseSound and noise    

Main Purpose 

A classic topic in physics  sound 

An actual problem in our society  noise 

Lack of  awareness of  the damage caused by noise  

Correlate  physics to student’s day life 

Physics is useful in other sciences like biology, physiology, 

phonetic, electronics, etc.  

 

  an interdisciplinary learning path 



InterdisciplinaryInterdisciplinaryInterdisciplinaryInterdisciplinary    

•   build a bridge between different disciplines 

•   allows a better understanding of  complex concepts 

    utilized in science (energy transport and transfer,  

    resonance, transduction) 

•   allows a synergy in acquiring a deeper knowledge of  the 

    world in which we live (advanced scientific literacy) 
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Vibrating mechanical systems  Waves 

Sound waves       characterize a sound wave 
 

Interference of  sound waves 

 

• complementary to interference  

  with laser light 

• measure the speed of  sound 

• energy considerations 

• problems and connected applications 

    of  interference field acoustics  
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More lab  on sound waves 

•  Oscilloscope for  visualizing sound waves 

•   Harmonic wave 

•   Period and Frequency measurements 

•   Musical notes 

•   Comparison with known height (tempered scale) 

•    Further verification of  the principle of  superimposition 

•    measurement of  Beat  Period  

•    Comparison with the expected value 

•    Examples of  patterns of  beats 

    periodic in light (Moiré fringes)  
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More lab  on sound waves 

Energy transfer and resonance 
 

By using a speaker connected to a function generator, a resonant system can 

be obtained by placing a metal plate over it. When sound is resonant with one 

frequency of  the plate, salt start jumping leaving from the vibrating surface 

and cumulating in fixed zones. The figures formed by salt (Chladni figures) 

depend on the shape of   plates, materials, thickness and boundary conditions 

(existence of  constrained points).  

In this case is very easy to recognize resonance. 
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Sound is the basis of  our communication system 

    language  

Sound production: phonetics 

From the electrochemical signal processed by the 

brain to the sound produced by the human voice 

Perception of  sound: from the sound that interacts 

with the ear to the electrochemical signal that the 

brain receives and interprets (psychoacoustics) 

 



PhoneticsPhoneticsPhoneticsPhonetics    

From the electrochemical signal processed by the 

brain to the sound produced by the human voice 
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Focus on resonance  
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Phonemes   free and open source software 
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Characterize phonemes 

    

   produce simpler phonemes (a, e,….) 

    (ma, ba,da,…., mo, lo, lo) 

Students can record  them 

   analyze  waveform and spectrum 

Inquired-based lab        What happens if…..? Let’s try 

Learn to use properly PC+software system 

Advanced topic can emerge and be discussed 
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What is noise? 

Day life  mixed and unidentified sounds  

Language    noise  (noiz)  n. 

   1. 

      a. Sound or a sound that is loud, unpleasant,  

           unexpected, or undesired. 

      b. Sound or a sound of  any kind: The only noise was 

           the wind in the pines. 

   2. A loud outcry or commotion: the noise of  the mob; 

        a lot of  noise over the new law. 

   3. Physics A disturbance, especially a random and 

        persistent disturbance, that obscures or reduces 

        the clarity of  a signal. 

   4. Computer Science Irrelevant or meaningless data. 
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For a well-defined concept  of  noise it is necessary to know 

how sounds are perceived by humans 

Psychoacoustics  

How sounds waves are detected by ears and tranduced to an 

electrochemical signal for the brain  (energy aspects) 
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Enviromental noise   In physics? 

Health       S/N ratio 

How is it possible to reduce it?  White noise, coloured 

…………     noice, ect. 

      ………. 
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•   Enhance   comprehension of  some topics  

     (e.g. transduction by applets) 

•    allow student to perform measurements  outside of  

 laboratory 

•    Improve active learning  

•     It is free: every teacher and every student can use it 
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•   PLS laboratory 

Deepening laboratory for motivated and  

talented students 

3-4  students  from Scientific High School  (GR) 

4-5 h/month for 3 years (16-20 h/y) 

•    students were very engaged and active 
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•    Pilot  exp showed limits in an optional lab 

Too distributed in time 

  Analysis and final understanding are limited 

  due to lack of  discussion with teacher 

•     proposal for an interdisciplinary learning path at school 

with  physics, mathematics, science teachers involved 

 

•    learning path can be adapted to different situations 

and  enlarged following students’ interests 

 


