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INTERNATIONAL VOLUNTEER PROGRAM 
APPLICATION FORM 

 

Name, address and telephone number of the person responsible for this proposal 

Prof. Oded Gottlieb 

Technion - Israel Institute of Technology 

Department of Mechanical Engineering 

Haifa 32000, Israel 

Phone: +972-4-8293158 (office)  

Fax: +972-4-8295711    

Email: oded@technion.ac.il 

 

Name of the laboratory and host institution 

Nonlinear and Chaotic Dynamical Systems Lab (NCDS) 

Technion - Israel Institute of Technology 

Group website: http://ncds.technion.ac.il/ 

 

Title of the research project in which the volunteer would be involved 

Nonlinear Nano-Mechanics: 

i)Estimation of Nonlinear Material Properties of Nanowires in Ultra-High Vacuum,  

ii) Nonlinear Spatio-Temporal Dynamics of Nanoresonator Arrays. 

 

 

Background, knowledge and level required from the applicant volunteer (including languages) 

A MSc or PhD in Mechanical Engineering, or in closely related disciplines.  

Proficiency in English is required. 

 

 
 

 

Have you already identified a candidate? 
Name and email address of the candidate: 

NO 

Suitable date for 
receiving the volunteer 

Duration of the stay 
Participation in the 
monthly allowance 

March 1, 2012         months 750 euros 
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Description of the specific research work, which would be carried out 

(Please enclose a two pages description of the project – Arial 10, Line spacing 1.5 point) 

 

Nanowires in Ultra-High Vacuum 

Nonlinear nano-mechanical resonators such as nanowires and nanotubes have recently been shown 

to be promising candidates for sensitive mass sensing. To-date, there is a large discrepancy between 

experimental measurements and theoretical estimates from simple lumped-mass models, as these 

models cannot predict the dispersive spatio-temporal system behavior, incorporate the influence of 

boundary conditions, or the combined contribution of coupled pretension and bending stiffness. The 

latter is of particular importance in conditions of low-temperature and ultra-high vacuum where 

measurements show a strong dependence of the displacement magnitude on system dissipation. 

Thus, the general objective of this research is to provide a fundamental understanding of the nonlinear 

material properties of nanowires via derivation and analysis of models that consistently incorporate 

internal thermo-visco-elastic damping. The methodology to be employed is to combine a quasi-

continuum based theoretical approach with the asymptotic multiple-scales and numerical integration 

for weak and strong nonlinearities, respectively [Zaitsev, Buks, and Gottlieb, Nonlinear Dynamics 

2012]. Model-based estimation of nonlinear system properties [Gottlieb and Habib, J Vibration and 

Control, 2012] will enable comparison with controlled experiments for model validation. This 

combined methodology will culminate with the nanowire bifurcation structure that will define domains 

of coexisting bi-stable, periodic, quasiperiodic and non-stationary chaotic like response. 

 

Nanoresonator Arrays 

Arrays of nano- and micro electromechanical cantilevers have been proposed over a decade ago for 

fast imaging in atomic force microscopy. Recently, both large (128 element) and small (8 element) size 

cantilever arrays have been proposed for fast surface scanning, and mass sensing, respectively. To 

allow for increased sensitivity and robustness of measurements it is crucial to understand the 

nonlinear dynamics of these arrays as their resonant dynamics is no longer small. Our preliminary 

theoretical results with similar three element arrays reveal a complex bifurcation structure that 

includes coexisting periodic (synchronous vs. out-of-phase) quasiperiodic and non-stationary chaotic 

dynamics [Gutschmidt and Gottlieb, Nonlinear Dynamics, 2012]. Additional examples that exhibit 

complex array behavior include quasiperiodic and chaotic response of magneto-elastic cantilever 

arrays and a variety of intrinsic localized modes that may possibly be controlled via a combined 

white-noise and deterministic excitation. However, to-date, there is no quantitative comparison 

between theory and experiments of micro- and nano- cantilever arrays. Thus, the proposed research 

will consistently incorporate both material and geometric nonlinearities of a small size array into a 

quasi-continuum based dynamical system model and enable comparison of its bifurcation structure 

with controlled experiments. This research will enable further investigation of synchronization, 

localization in a noisy environment and application of novel research tools for large size cantilever 

array configurations. 

 

 


