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 :על הנושא

Spatial dynamics of flexible nano-swimmers under a rotating 

magnetic field 
The seminar will be given in Hebrew 

 : תקציר ההרצאה 

Inspired by the motion of bacteria and other microorganisms, researchers have developed 

artificial nano-structures that can be propelled upon a suitable stimulation by external energy 

sources. These devices attract much interest because of their great potential for bio-medical 

purposes. The most common strategy is actuating magnetically responsive structures that 

revolve around their long axis when they are actuated using rotating magnetic fields, resulting 

in corkscrew locomotion. 

Our previous joint work presented fabrication and actuation of a simple magnetic nano-

swimmer, two rods connected by a elastic hinge. Experiments under different actuation 

frequencies result in different motion phases. At low frequencies in-plane tumbling; at a 

higher frequencies, moving forward in a spatial helical path in synchrony with the rotating 

magnetic field; in further frequency increase, asynchronous swimming is obtained. 

Furthermore, we presented a simplified two-link model of the swimmer and conducted 

numerical simulations of its nonlinear spatial dynamics, obtaining qualitative agreement with 

experimental observations. 

In this contribution, we revisit the two-link model and explicitly formulate and analyze its 

nonlinear 7 DOF dynamic equations. For the synchronous motion, we reduced the dynamic 

equations to 4 DOF time-invariant system using transformation of variables. For the first time, 

we obtained explicit semi-analytic solutions of this motion under simplifying assumptions, in 

both in-plane, helical swimming synchronous regimes. We conduct stability analysis of the 

solutions and obtain an explicit expression for the forward speed. We also obtain closed-form 

expressions of the critical transitions frequencies. Using perturbation expansion in the limit of 

low stiffness, we develop an approximate formulation of the helical motion, allowing to find 

the optimal frequency and swimming speed analytically. Finally, we present numerical 

analysis of the influence of additional effects, as well as parametric optimization of the 

swimmer's performance. 
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