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			  In lieu of an abstract, here is a brief excerpt of the content:
			   
     	 Musical Applications of Banded Waveguides
 
	 Georg Essl, Perry R. Cook, Stefania Serafin, and Julius O. Smith
 

 
 
 
  In a companion article found in this issue of Computer Music Journal (Essl et al. 2003), we introduced the theory of banded waveguides, showing the advantages of this synthesis technique that allows efficient simulation of highly inharmonic vibrating structures. In this article, we provide an overview of different musical instruments that have been modeled efficiently using banded waveguides. Additional detail can be found in Cook (2002); Essl and Cook (1999); Essl and Cook (2000); Essl (2002); Kapur et al. (2002); Serafin et al. (2002); and Serafin, Wilkerson, and Smith (2002). Links to software implementations of these models available online can be found in the conclusion of this article.
 First, we discuss a banded-waveguide model of bar percussion instruments followed by a model of a musical saw. Next, we show how to use banded waveguides to model bowed glasses and bowls, and we conclude by presenting models of a Tabla and a bowed cymbal.
  Bar Percussion Instruments
 In this section, we discuss the simulation of bar percussion instruments using banded waveguides. This type of instrument was the first to be modeled using this approach. In fact, banded waveguides were originally invented to model the case of bowed bar percussion instruments. The problem of efficiently modeling this instrument had not been solved, nor had it previously received experimental attention. Both the development of the synthesis method for this case and experimental measurements of bowed bars were reported in detail in Essl and Cook (2000). It was realized that the difficulties that vibrating solid bars pose can be overcome by modeling the resonant modes of bars as spectrally separated closed traveling waves, as described in detail in Essl et al. (2003).
 In the past, struck bar percussion instruments have been modeled using resonant modal filters (Wawrzynek 1989; Cook 1997) or additive sinusoidal synthesis (Serra 1986; van den Doel and Pai 1998). Acoustical properties of bar percussion instruments have been studied using finite difference and element methods (Bork 1995; Chaigne and Doutaut 1997; Doutaut, Matignon, and Chaigne [End Page 51] 1998; Orduña Bustamante 1991; Bretos, Santa-maría, and Moral 1999; Bork et al. 1999), but these methods are too computationally expensive to run in real time and thus have not been used for interactive performances. Finite element methods have also been used to model combined visual and acoustic simulations of sounding objects, including bar percussion instruments (O'Brien, Cook, and Essl 2001). For summaries and reviews of the research on bar percussion instruments, see Moore (1970), Rossing (1976), and Fletcher and Rossing (1998). Some of the results described in this section have also been presented in Essl and Cook (1999), Essl and Cook (2000), and Essl (2002).
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  Figure 1.
 A banded waveguide structure as proposed in Essl and Cook (1999).
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  Figure 2.
 Sonogram of the simulated bowed bar. Note how many partials appear in the spectrum owing to the nonlinearity of the excitation mechanism.
 
 
 
  Modeling Bowed Bars
 As explained in the companion article on theory (Essl et al. 2003), banded waveguides are filter structures that consist of a simple band-pass filter and delay line for each significant mode to be modeled. Banded waveguides can be constructed from physical dynamics or from modal measurements. [End Page 52] The original banded-waveguide structure as proposed in Essl and Cook (1999) is shown in Figure 1.
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  Figure 3.
 One of the authors playing a saw.
 
 
 
 Here and in later applications, we use the modal measurement approach. For details on dynamical derivations and interpretations, refer to Essl (2002). The uniform bar measurement yields the wellknown stretching of the inharmonic partials of a uniform bar (1:2.756:5.404:8.933 and so on) as heard from glockenspiels (Fletcher and Rossing 1998). Marimba, xylophone, and vibraphone bars are undercut, stretching the partials into harmonic ratios of either 1:4:10 or 1:3:6 (Moore 1970).
 Using these frequencies, the length of the delays as well as the frequencies of the band-pass filters of all banded...
 
 
 
 
 
 
			

			

			
			
			
			
			
			
      
      
        [image: pdf]
      

      

			
			
			
						
			
				
					collapse
				
				
					
					You are not currently authenticated.
									
					If you would like to authenticate using a different subscribed institution or have your own login and password to Project MUSE

					Authenticate
				

			

			
			
			
    	

    	
    	




	
		

		

		
		

		

		
    
    
	  Share


    
               
      
  		
  		
  		  

  		
    

		
    
		

		
			
			
		

    


	





    	
    	
    	
    	
    	



    	
    	
	
		
			Additional Information

		

				
							
			
				
					ISSN
				

				
					1531-5169
				

			

			
			
			
				
					Print ISSN
				

				
					0148-9267
				

			

			
			
			
			
			
            
			
			
			
				
					Pages
				

				
					pp. 51-63
				

			

									
			
			
				
					Launched on MUSE
				

				
					2004-03-24
				

			

			
			
			
			
			
				
					Open Access
				

				
					
					No
					
				

			

			
			
			
				
			
			
		

	

	
		
		

		

	






		
			
				
					
						Project MUSE Mission

						Project MUSE promotes the creation and dissemination of essential humanities and social science resources through collaboration with libraries, publishers, and scholars worldwide. Forged from a partnership between a university press and a library, Project MUSE is a trusted part of the academic and scholarly community it serves.

					

					
						[image: MUSE logo]
					

				

			

			
			
				
					
						
							
								About

									MUSE Story
	Publishers
	Discovery Partners
	Journal Subscribers
	Book Customers
	Conferences


							
							
								What's on Muse

									Open Access
	Journals
	Books
	The Complete Prose of T. S. Eliot
	MUSE in Focus


							
							

						

						
						  
								Resources

									News & Announcements
	Email Sign-Up
	Promotional Materials
	Presentations
	Get Alerts


							
							
								Information For

									Publishers
	Librarians
	Individuals
	Instructors


							
							

						

					

					
						
							
								Contact

									Contact Us
	Help


									
											[image: Facebook]
	[image: Linkedin]
	[image: Twitter]


									


							
							
								Policy & Terms

									Accessibility
	Privacy Policy
	Terms of Use


							
							

						

						
							
								2715 North Charles Street
Baltimore, Maryland, USA 21218

								+1 (410) 516-6989

								muse@jh.edu

								©2024 Project MUSE. Produced by Johns Hopkins University Press in collaboration with The Sheridan Libraries.

							

							
								Now and Always, 
The Trusted Content Your Research Requires

								
								
								[image: Project MUSE logo]
								
								[image: Project MUSE logo]

								Now and Always, The Trusted Content Your Research Requires

								Built on the Johns Hopkins University Campus

							

							

						

					

					

				

			

			
				Built on the Johns Hopkins University Campus
		
				©2024 Project MUSE. Produced by Johns Hopkins University Press in collaboration with The Sheridan Libraries.
			
			
		
		

		
		
		
		
		
			Back To Top
		

		
		
		
		  
		
		
		
			
				This website uses cookies to ensure you get the best experience on our website. Without cookies your experience may not be seamless.

				Accept
					
						
								
						
						
						

				

			

		
		
		
		
		
		
		
		
		
		
		
		
		
	