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Practical Information 

Conference Venue 
St Catherine’s College, Manor Road, Oxford, OX1 3UJ 
 
Contact the Lodge for general enquiries about the College. The Lodge is staffed 24 hours a day, seven days a 

week. 

📞 Tel: +44 (0)1865 271 700 

📧 Email: lodge@stcatz.ox.ac.uk 

Accommodation 
Check-in time: 14:00 

Check-out time: 10:00 

Breakfast 
For those attendees staying at the College, a complimentary hot breakfast is served daily from 8:00-9:00 in the 
College Hall.  

Lunch 
Lunch is served in hall at 12:45 each day for all attendees (resident and day attendees). 

Dinner 

Monday: Welcome Reception and Dinner.  The welcome reception will take place on the evening of Monday  
4th of July at 17:30 in the Middle Common Room at the College, followed by dinner in the College Hall starting at 
19:00. 

Tuesday: Free Evening/Pub Night.  This is a free evening with no meal planned.  One option would be to enjoy 
one of the many pubs in Oxford.  A map with pubs is included is provided on page iv and a few highlighted pubs 
are listed.  Note that table service is NOT standard procedure at a British pub; food is normally order and paid for 
at the bar.  A typical procedure: 

1. Find a table and note the number of the table and use items of clothing or a friend to hold the table.   

2. Go to the bar and order your meal and drink.  The bar tender will want your table number so that they know where 

the food is to be delivered.  You pay at the bar and you can pay individually. You do not normally tip in a pub. 

3. Get your drink from the bar-tender and then go back to your table and your food will be brought to you. 

Wednesday Banquet Dinner The banquet dinner will take place on the evening of Wednesday 6th of July at 20:00 
in the College Hall.  Tickets for this should have been purchased separately. 

Thursday Dinner Attendees staying at the College are invited to attend dinner in the College Hall from 19:00 on 
Thursday 7th of July.  

mailto:lodge@stcatz.ox.ac.uk
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Pub Map 
 

 

 
 
Circled Pubs listed in order of increasing distance from St Catherine’s College 

• Turf Tavern (8 min), 4 Holywell St, Oxford OX1 3SU 

• The Bear Inn (15 min), 6 Alfred St, Oxford OX1 4EH 

• The Three Goats Head Pub (15 min), 3 St Michael's St, Oxford OX1 2DR 

• The Cape of Good Hope (15 min), Iffley Rd, The Plain, Oxford OX4 1EA 

• The Head of the River (23 min), Folly Bridge, St Aldgate's, Oxford OX1 4LB 

• Rose & Crown Public House (23 mins), 14 N Parade Ave, Oxford OX2 6LX 

• The Gardeners Arms (25 mins), 39 Plantation Rd, Oxford OX2 6JE 
 

Note both The Lamb and Flag pub and The Eagle and Child pub are closed.  
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MONDAY, 4th July  

Short Courses 
 
09:00 – 10:30 Short Course on Nonlinear Acoustics 

Robin Cleveland, Mark Hamilton, and Oleg Sapozhnikov 

 

10:30 – 11:00 Break 
 
11:00 – 12:30 Short Course on Nonlinear Acoustics 

Robin Cleveland, Mark Hamilton, and Oleg Sapozhnikov 

 

12:45 – 14:00 Lunch 
 
14:00 – 15:30 Short Course on Computational Acoustics 

Bradley Treeby and Ben Cox 

 

15:30 – 16:00 Break 
 
16:00 – 17:30 Short Course on Computational Acoustics 

Bradley Treeby and Ben Cox 
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rough contacts ................................................................................................................. 6 
Ganesh Patil 
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waves .............................................................................................................................. 7 
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Marco Scalerandi 
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Dai Shimizu 

14:30 – 14:45 Intricate coupling between Rayleigh streaming and heat transfer: A theoretical and 
numerical study................................................................................................................ 10 
Diana Baltean Carles 

14:45 – 15:00 GHz acoustic streaming for the synthesis of ultra-thin high speed streaming jets: A numerical 
study ................................................................................................................................ 11 
Virginie Daru 
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Thomas Szabo 
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Régis Marchiano 
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Blake Simon 
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Oleg Sapozhnikov 
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A helicoidal parametric antenna for subwavelength vortex generation 

Noé Jiménez1, Joao Ealo2, Rubén D. Muelas-Hurtado2, Aroune Duclos3, Vicent Romero-García3 
1 Instituto de Instrumentación para Imagen Molecular, Universitat Politècnica de València - CSIC, 
València, Spain. 
2 School of Mechanical Engineering, Universidad del Valle, Cali, Colombia. 
3 Laboratoire d’Acoustique de l’Université du Mans, UMR 6613, Institut d'Acoustique - Graduate 
School (IA-GS), CNRS, Le Mans Université, Le Mans, France. 
e-mail: nojigon@upv.es 
 
ABSTRACT 
The natural diffraction of acoustic vortex beams results in vortices whose bright core is larger than 
the wavelength, limiting their use for practical applications such as long-range underwater 
communications. In this work, we synthesize a vortex beam of sub-wavelength size at a distance 
beyond Rayleigh diffraction length using the nonlinear mixing of two confocal, high-frequency and 
detuned vortex beams of different topological charges. A helicoidal focused acoustic source with 
two different curvatures is used to generate a pair of finite-amplitude vortex beams. A difference-
frequency component emerges due to nonlinearity. By tuning the primary beams a low-frequency 
beam of integer topological charge is observed, whose distance between magnitude maxima is 
about 18 times smaller than its wavelength at a distance about 3 times the Rayleigh diffraction 
length. Subwavelength vortices of arbitrary topological charge emerge due to the spatiotemporal 
interference of two primary vortex beams and due to the conservation of angular momentum 
during nonlinear wave-mixing. This mechanism opens new venues to design directive parametric 
antennas for vortex transceivers or particle manipulation systems at scales well below the 
diffraction limit.  

      

 
CAPTION: (a-b) Scheme and photograph of the experiment of the helical surface to focus two 
confocal vortex beams. (c-f) Transverse field cross-section at the focal spot showing the normalized 
magnitude and the normalized phase obtained numerically and experimentally, showing the 
subwavelength vortex at the difference-frequency component, respectively. 
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Manipulation of macro-scale objects using amplified secondary Bjerknes forces 

Athanasios G. Athanassiadis1, Rahul Goyal1, Zhichao Ma1, Peer Fischer1,2 
1Max Planck Institute for Intelligent Systems, Heisenbergstr. 3, 70569 Stuttgart, Germany 
2Institute of Physical Chemistry, University of Stuttgart, Pfaffenwaldring 55, 70569, Stuttgart, 
Germany 
e-mail: thanasi@is.mpg.de 
 
ABSTRACT 

Gas bubbles can demonstrate unique and interesting behaviors in a sound field that range from 
strong scattering, to jetting, to mutual attraction. The mutual attraction of bubbles is a nonlinear 
phenomenon – driven by the secondary Bjerknes force – that can lead to the formation of intricate 
and complex 3D patterns in bubbly media. However, the Bjerknes force between two bubbles is 
extremely weak – typically in the nanonewton range – and thus has been largely ignored outside of 
the context of bubble clouds. Here, we demonstrate that patterning microbubbles into arrays can 
geometrically amplify the secondary Bjerknes forces, producing surprisingly high forces. These 
forces can be increased enough to enable precise, subwavelength assembly and manipulation of 
centimeter-scale objects in a fluid. We experimentally demonstrate the ability of a Bjerknes actuator 
to precisely position a 1 cm object with 15 µm accuracy, using sound with a 50 cm wavelength. We 
further show that, by modifying the bubble patterns, the Bjerknes actuator can act as a non-contact 
rotational motor, driving unidirectional motion of a freely-floating structure. We describe the 
amplification and manipulation behavior using a theoretical model, and show that a manipulator 
using amplified Bjerknes forces would outperform comparable magnetic actuators. 
 

 

 

A Bjerknes actuator consisting of two arrays of microbubbles can be used for non-contact ultrasonic 
(A) alignment and (B) rotation of a freely-floating structure in a liquid. The secondary Bjerknes forces 
between bubbles are amplified by patterning the bubbles into arrays, making it possible to 
manipulate centimeter-scale objects using 100 micron-scale bubbles. 
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String collision and sliding against a smooth obstacle in a non-planar vibration setting 

D. Kartofelev 
Department of Cybernetics, Tallinn University of Technology, Tallinn, Estonia 
e-mail: dmitri.kartofelev@taltech.ee  
 
ABSTRACT 
This paper proposes a model of a plucked ideal string free to vibrate in two mutually perpendicular 
planes in the presence of a curved obstacle. We consider an obstacle which spans both in the 
direction of the string at its rest and perpendicular to it. The obstacle, mainly spanning 
perpendicularly to the string, is essentially a rod with a curved cross-section. The string collisions 
against the obstacle are modelled using a kinematic model that constrains the string displacement 
unilaterally. The string sliding against the obstacle surface is modelled using a dry sliding friction 
model proposed by Jim Woodhouse. The sliding friction model is coupled with the collision model. 
The virtual reaction force of a collision is used as an input into the dry sliding model. A virtual 
compression of the obstacle material is used to find the collision force. For simplicity, the material 
is assumed to be linearly elastic, capable of accepting forces in a single direction only, and lacking 
internal bulk or shear forces. Numerical simulation results show that the model can generate a rich 
variety of dynamics all strongly dependent on the selection of initial conditions and system 
parameters. This nonlinear model is numerically robust due to the used simplifying assumptions. 
Interactions of a vibrating string with spatially distributed barriers, such as fretboards, play a 
significant role in the physics of many stringed musical instruments. It is believed that the proposed 
model can be applied to sound synthesis and physics-based modelling of these musical instruments. 
 
ACKNOWLEDGEMENTS 
This work was supported by the Estonian Ministry of Education and Research (PRG1227), EU through 
the European Regional Development Fund. 
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Collisions of vector solitons in flexible mechanical metamaterials 

Hiromi Yasuda1, Hang Shu1, Weijian Jiao1, Vincent Tournat2, Jordan R Raney1 
1Department of Mechanical Engineering and Applied Mechanics, University of Pennsylvania, 
Philadelphia, Pennsylvania 19104, United States 
2Laboratoire d’Acoustique de l’Université du Mans (LAUM), CNRS, Le Mans Université, France 
e-mail: hiromi.yasuda88@gmail.com; hangshu@seas.upenn.edu; wjjiao@seas.upenn.edu; 
vincent.tournat@univ-lemans.fr; raney@seas.upenn.edu 
 
ABSTRACT 
Flexible mechanical metamaterials are compliant structures designed to achieve desired mechanical 
properties via large deformation or rotation of their components. While their static properties (such 
as Poisson’s ratio) have been studied extensively, much less work has been done on their dynamic 
properties, especially nonlinear dynamic properties induced by large movement of internal 
components. Here, we examine the nonlinear dynamic response arising from impact loading of 
mechanical materials that consist of 1D and 2D arrangements of rotating squares, which leads to 
formation of vector solitons. Permanent magnets are added to the squares, which causes the 
metamaterial to become multistable. Rotations of the squares can thereby lead to sudden 
rearrangements of squares into new phases. We experimentally and numerically characterize the 
collisions of vector solitons in these flexible mechanical metamaterials. Depending on their 
amplitude and chirality, these collisions can induce phase transitions that propagate outward from 
the nucleation site. 
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Do Periodic arrangement of Nonlinear Local Damages act as Nonlinear Metamaterials? 

P. R. Ghodake 
Department of Mechanical Engineering, Indian Institute of Technology Bombay, Mumbai, India 
e-mail: mech7pkumar@gmail.com 
 
ABSTRACT 
Interaction of longitudinal wave with nonlinear circular inclusion shows a harmonic scattering of longitudinal 
and transverse waves around the inclusion. Amplitudes of higher harmonics of harmonically scattered waves 
are sensitive to the angle of scattering from the inclusion as seen from the theoretical solutions obtained by 
Kube (2018). The interaction of such multiple harmonically scattered waves from multiple nonlinear 
inclusions is complex and challenging to study through theoretical and experimental perspectives. In this 
paper, finite elements studies are carried out to understand the effect of periodically arranged circular 
(Figure 1) and square inclusions in different configurations. Figure 2 demonstrates that particular values of 
inclusion radius and intermediate spacing configuration 3 (C3) do�v�[�š show the generation of higher harmonics 
despite having more number of inclusions. The only reason behind such response is the cancellation of 2nd 
harmonics due to interference of multiple harmonically scattered waves, whereas though the harmonics of 
transverse modes near the inclusions are present they ���}�v�[�š propagate up to the edge 2 (E2) for all three 
configurations (C1, C2, & C3). Configuration 4 is designed such that along with the longitudinal modes (Figure 
3) the transverse modes (Figure 4) of the harmonically scattered waves are also dominant. Static terms in 
harmonical responses show their high sensitivity towards all the configurations. 
 

 
Figure 1. Different configurations of local circular damages modeled as nonlinear elastic material having the same 
linear impedance as linear steel considered for finite element studies to demonstrate interesting responses similar 
to metamaterials such as enhancing nonlinear effects 

   

Figure 2. Comparing frequency 
responses of longitudinal waves 
noted at E1 and E2 of three 
configurations (C1, C2, & C3). 
(transverse waves are absent) 

Figure 3. Frequency responses of 
longitudinal waves were noted at E1 
and E2 of configuration C4. 
(transverse waves are present 
(Figure 4)) 

Figure 4. Frequency responses of 
transverse waves were noted at E1 
and E2 of configuration C4 due to 
multiple harmonic scatterings from 
nonlinear circular inclusions. 
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Pulse attenuation from acoustic resonances in nonlinear metamaterials with rough contacts 

G.U.Patil1, K.H.Matlack1 
1Department of Mechanical Science and Engineering, University of Illinois Urbana-Champaign, 
Urbana, Illinois, USA 
e-mail: gupatil2@illinois.edu; kmatlack@illinois.edu 
 
ABSTRACT 
Solitary waves are nonlinear pulses that are formed in strongly nonlinear periodic media from a 
delicate balance between dispersion and nonlinearity. While these waves are extensively studied in 
nonlinear metamaterials at low excitation frequencies, the understanding of their propagation 
characteristics at high-frequency excitations is still emerging. In this talk, we discuss the propagation 
of solitary waves in layered metamaterial with rough interfaces, importantly, at excitations of the 
orders of layer resonances. We present insights into how the energy distribution and propagation 
through this metamaterial depend on excitation frequency. Specifically, we show that solitary waves 
in this metamaterial are strongly attenuated for frequencies associated with the acoustic 
resonances of layers. Such unconventional nonlinear response is attributed to the unique 
architecture of the metamaterial, which is elastic continua (layers) coupled through nonlinear 
features (rough contacts) locally. These observations reveal that despite being strongly nonlinear, 
such metamaterials show regions of frequencies of attenuation equivalent to bandgaps of linear 
metamaterials. In fact, our study shows that the wave dynamics of the metamaterial drastically 
change at high excitation frequencies. Such understanding is crucial for these metamaterials to be 
used for controlling the propagation of mechanical wave energy. 
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Numerical analysis of the limits of effective medium theory for nonlinearly propagating waves 

M.B. Muhlestein1, K.G. Dunn1 
1U.S. Army Engineer Research and Development Center, Hanover, New Hampshire, USA 
e-mail: Michael.B.Muhlestein@usace.army.mil, Kyle.G.Dunn@usace.army.mil  
 
ABSTRACT 
The use of acoustic metameterials is an increasingly popular approach to controlling both linear and 
nonlinear sound propagation.  In this approach, heterogeneous structures are engineered to behave 
as predetermined, and often exotic, continuous medium.  A key requirement for a system to be 
accurately approximated as a homogeneous material for wave motion is that the smallest length 
scale of the waveform be much larger than any length scale associated with the microscale structure 
of the system.  However, the fact that the characteristic length scales of a finite-amplitude 
waveform can change due to nonlinear effects (e.g., waveform distortion and shock formation) 
means that care must be taken when analyzing such signals in an acoustic metamaterial.  This talk 
presents recent work toward understanding the breakdown of effective medium theory as finite-
amplitude waves propagate in a heterogeneous system and weak shocks begin to form.  A finite-
element analysis software package was used to model the propagation of a pulse of sound in a one-
dimensional heterogeneous domain using both a full description of the system and an effective-
medium description.  The difference between the solutions of the two models throughout 
propagation and shock formation provides a method by which one can estimate the error associated 
with using effective properties as a function of propagation distance as well as identify how those 
errors manifest themselves. 

Programme 22nd International Symposium on Nonlinear Acoustics

7



Influence of grain size on slow dynamics in hysteretic elastic media 

M.Scalerandi1, J.Kober2, A.S.Gliozzi1 
1DISAT, Politecnico di Torino, Torino, Italy 
2Institute of Thermomechanics, Czech Academy of Sciences, Prague, Czech Republic  
e-mail: marco.scalerandi@polito.it 
 
ABSTRACT 
Slow dynamics in hysteretic elastic media (rocks, concrete, damaged composites and metals) 
consists in the dependence of elastic material properties on the stress history. When a material is 
subject to an external perturbation (strain ranges in the order of 10-6 or even lower), immediately 
after its removal a wave velocity drop is observed, with a variation of the order of up to a few 
percent. Slowly in time, velocity relaxes back to its original unperturbed value. 
As we show here, relaxation can be described as a multi-relaxation process, i.e. as the superposition 
of infinite relaxation processes with a distribution of relaxation times, which can be inferred by 
inversion of experimental data. The main properties of the distribution are experiment independent 
and can be linked to spatial features at the material microscale. In particular, the most relevant 
relaxation time correlates well with the grain size, as shown considering materials with grains 
spanning more than two decades in size, from metals to civil engineering concrete. 
 
 

 
 

CAPTION: Most relevant relaxation time vs. grain size for metal alloys (Titanium-Aluminum alloy and 
intact Aluminum alloy), sandstones (Berea), mortar and concrete (with different sand and gravel 
size). 
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GHz acoustic streaming for the synthesis of ultra-thin high speed streaming jets: a numerical 
study 

V. Daru1, M. Baudoin2,3 
1 Arts & Métiers Institute of Technology, DynFluid Lab., 151 �������������o�[�Z�€�‰�]�š���o, F-75013 Paris, France 
2 Univ. Lille, CNRS, Centrale Lille, Univ. Polytechnique Hauts-de-France, UMR 8520, IEMN, F59000 
Lille, France 
3 Institut Universitaire de France, 1 rue Descartes, 75005 Paris 
e-mail: virginie.daru@ensam.eu; michael.baudoin@univ-lille.fr 
 
ABSTRACT 
GHz acoustics has a great potential for particles manipulation at microscales [1] and nanoscales [2], 
cells permeabilization [3], and biosensing [2]. Indeed, GHz acoustics enables to generate high speed 
ultra-thin streaming jets that can be used to trap objects by using hydrodynamics forces or exert a 
localized controlled force on an interface. Yet the theoretical and numerical study of acoustic 
streaming at these frequencies is still at its infancy. In particular unsteady effects occurring when 
the source is turned on have not been explored in the litterature. In this presentation, direct 
numerical simulations of acoustic streaming are conducted with high order explicit numerical 
schemes for frequency ranging from 100 MHz to a few GHz. These simulations are used to show (i) 
how the physics and in particular the source terms are modified when the attenuation length 
becomes close to the wavelength, (ii) how the steady regime is reached at the different frequencies, 
and (iii) how the width of the streaming jet evolve with the lateral extent of the transducer and the 
driving frequency. We conclude that ultra-localized streaming jets can only be obtained at very high 
frequency. 
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CAPTION: Numerical simulation of the acoustic field radiated by a piston of lateral extent �” 
L �w���I at 
1GHz. Left: Contours of the instantaneous pressure field. Right: Contours of the axial velocity 
component and streamlines of the average flow (streaming) produced by this acoustic field. 

 

[1] X. Guo et al., IEEE Int. Conf. Rob. Autom., 11392 (2020) 

[2] W. Cui, L. Mu, X. Duan, W. Pang and M. A. Reed, Nanoscale 11: 14625 (2019) 

[3] X. Guo et al., Adv. Sci., 8 :2002489 (2021) 
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