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ABSTRACTS 
 
PROJECT OBJECTIVE: 
 
Main focus of this proposal is to understand how to move particles on a surface along specified 
trajectories and to control their orientation or position on a surface without using non-contact techniques.  
The proposed approach investigates using transient dynamic transverse wave propagation and vibration 
mode shifting using a novel approach that integrates actuation frequency sweep and inplane stress 
actuation. The methods developed and understanding gained from this research will aid and speed the 
development of future nano-particle manipulators and tools for micro/nano self assembly. 
 
TECHNICAL ABSTRACT: 
 
Positioning and moving nano-sized particles is a critical technology needed to further mature nano-
assembly techniques and is a corner stone in micro- and nano-scale manipulation, e.g. needed for nano-
medical and nano-biology research. Current state of the art methods for acoustic manipulation of particles 
is able to position or group particles in desired locations. However, no satisfactory approach for moving 
the position of particles or group of particles along prescribed trajectories has been developed. This 
proposal seeks to demonstrate a novel and innovative concept to move, position, and orient particles 
through the control of vibration (eigen) modes and acoustic waves on a surface by in plane actuation to 
create prescribe pre-stresses. Main focus of this proposal is to understand how to control driving 
frequencies, phase shifts, and in-plane actuators to move particles or move and orient objects on 
a vibrating plate along a specified trajectory. The proof of concept will be demonstrated at macro-
scale using analytical and computational models, and physical experiments. The methods developed and 
understanding gained from this research will aid and speed the development of future nano-particle 
manipulators and tools for micro/nano self assembly.  
 
NON -TECHNICAL ABSTRACT:  
 
The need to manipulate objects of micrometer and sub-micrometer lengths arises often in biology and life 
sciences. One such example is the need to position and orient objects under atomic force microscopes 
for measurement of properties. At such scales it is not possible to use probes or other mechanical 
devices to move these objects. The method used often is the shake the platform they are placed on, akin 
to sifting small beads (millimeter length) on sheet of paper to find one of the right color when doing crafts. 
However, the particles of interest in biotechnology are 1 thousandth (micrometer length) to 1 millionth 
(nanometer length) the size of beads. The proposed research seeks to improve the fundamental 
understanding needed to create controlled traveling waves on a plate that can be used to move and 
orient particles. This has application in biotechnology where measurement of properties on single cells 
require isolation and positioning them under a probe, in studying nano-scale self assembly of particles to 
create new materials and devices.  




