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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, Dept 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) 

Center for Material Mechanics 

Technion - Israel Institute of Technology 

 

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

Nonlinear spatio-temporal dynamics, bifurcations and chaos in magnetic resonance force microscopy 

 

 

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

A PhD degree in Mechanical Engineering, Applied Mathematics, Mathematical Physics (or  

related disciplines with proven experience in Theoretical and Applied Mechanics with emphasis  

on asymptotic methods, bifurcation theory, numerical analysis). 

 

Exceptional candidates with an MSc degree are encourage to submit their applications to the  

Technion Graduate School for acceptance to the PhD program in Mechanical Engineering  

with specialization on Nonlinear and Chaotic Dynamical Systems supervised by Prof. Gottlieb. 

 

 
 

 

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 

1.02.2010-1.09.2010 
12-24 months (postdoc) 

24 months PhD candidate 
750 euros 
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Description of the specific research work, which would be carried out 

The proposed research focuses on a combined analytical and numerical investigation of the 

nonlinear spatio-temporal dynamics, bifurcations and chaos in magnetic resonance force 

microscopy (MRFM).  

MRFM is an imaging technique that enables acquisition of magnetic resonance images at 

nanometer scales, and recently has enabled detection of the magnetic spin of a single 

electron.  The concept of MRFM uses physical principles taken from magnetic resonance 

imaging (MRI) and atomic force microscopy (AFM). While conventional MRI employs an 

inductive coil as an antenna to sense resonant nuclear or electronic spins in a magnetic 

field gradient, MRFM employs a vibrating microcantilever to directly detect a modulated 

spin gradient force between the sample spins and a ferromagnetic particle attached to the 

AFM tip. The motion of the cantilever is detected by an interferometer via a detuning or 

change in its natural frequency.  

While MRFM systems are receiving a growing amount of interest, to date, a comprehensive 

theoretical treatment is still lacking. Existing models are based on simplistic lumped-mass 

reductions that include linear estimates of cantilever stiffness and damping complemented 

by a nonlinear approximation of the magnetic force. However, comparison of measurements 

and lumped-mass theory reveal a large discrepancy, as these simple models can not predict 

the dispersive spatio-temporal system behavior, incorporate the influence of boundary 

conditions, or the contributions of nonlinear bending and dissipation. The latter is of 

particular importance in conditions of low temperature and ultra-high vacuum. Thus, spatio-

temporal dynamical system complexity has not yet been documented and a robust strategy 

for accurate data acquisition has not yet been attained.  

The general objective of this research is to provide a fundamental understanding of the 

nonlinear MRFM dynamics, and enable a basis for selection and construction of robust 

strategies that will enable a quantitative prediction of imaging. The methodology to be 

employed is to combine a quasi-continuum based theoretical approach that incorporates a 

complete basis of spatio-temporal system nonlinearities with both asymptotic multiple-

scales for weak nonlinearities complemented by numerical integration in the strongly 

nonlinear regime.  

 

 


