







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 01 July 2010



                    A macroscopic mechanical resonator driven by mesoscopic electrical back-action

                    	Joel Stettenheim1Â na1, 
	Madhu Thalakulam2Â na1, 
	Feng Pan1, 
	Mustafa Bal1, 
	Zhonqing Ji3, 
	Weiwei Xue1, 
	Loren Pfeiffer4, 
	K. W. West4, 
	M. P. Blencowe1 & 
	â€¦
	A. J. Rimberg1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 466,Â pages 86â€“90 (2010)Cite this article
                    

                    
        
            	
                        1589 Accesses

                    
	
                        25 Citations

                    
	
                            3 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Applied physics
	Quantum physics


    


                
    
    

    
    

                
            


        
            Abstract
Systems with coupled mechanical and optical or electrical degrees of freedom1,2 have fascinating dynamics that, through macroscopic manifestations of quantum behaviour3, provide new insights into the transition between the classical and quantum worlds. Of particular interest is the back-action of electrons and photons on mechanical oscillators, which can lead to cooling and amplification of mechanical motion4,5,6. Furthermore, feedback, which is naturally associated with back-action, has been predicted to have significant consequences for the noise of a detector coupled to a mechanical oscillator7,8. Recently it has also been demonstrated that such feedback effects lead to strong coupling between single-electron transport and mechanical motion in carbon nanotube nanomechanical resonators9,10. Here we present noise measurements which show that the mesoscopic back-action of electrons tunnelling through a radio-frequency quantum point contact11 causes driven vibrations of the host crystal. This effect is a remarkable macroscopic manifestation of microscopic quantum behaviour, where the motion of a mechanical oscillatorâ€”the host crystal, which consists of on the order of 1020 atomsâ€”is determined by statistical fluctuations of tunnelling electrons.
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                    Figure 1: 
                        Current measurement and mechanical back-action in a QPC.
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Figure 2: 
                        Direct-current and radio-frequency characterization of the QPC.
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Figure 3: 
                        Frequency-dependent shot noise.
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Figure 4: 
                        A macroscopic mechanical resonance driven by mesoscopic shot noise.
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        Editorial Summary
Tunnelling electrons pack a punch
When electrons or photons are used to detect the motion of a mechanical resonator, they each exert a tiny force on the resonator, thereby subtly changing its motion. Such 'back-actions' are observable, for example, in carbon nanotube resonators, where single electrons have been found to influence the mechanical motion of the nanotubes. Stettenheim et al. report an even more striking example of the phenomenon, where electrons tunnelling through a semiconductor quantum device are found to cause vibrations of the host crystal, which is massive compared to the electrons. The authors compare the effect with a flea causing metre-scale vibrations in Mount Everest.
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