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Congratulations: Jiwon Han

=  Jiwon Han, Korean Captain at the 28th IYPT 2015, wins the 2017 Ig Noble Prize in Fluid Dynamics
=  The winning, IYPT-driven paper is based on the solution for No. 17 “Coffee cup” (28th IYPT 2015)
=  Jiwon Han has not reported the solution in Thailand but has opposed a Hungarian solution in PF 2

= This is the first Ig Noble Prize to any IYPT participant

IZE

hat. hap en 1 walks _ e Jiwon Han. A Study on the coffee spilling
udy on the Coffes Spilin y ow lmpulse Regime," Jiw phenomena in the low impulse regime.
Achievements in the Life Sciences 10, 1, 87-101
ote the paper, at Korean IMinjok Leadershup ( 2016 )
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Congratulations:

Muhammad Shaheer Niazi

BEE WORLD NEWS HARASSMENT CLAIMS - BAE SYSTEMS 'TO AXE MORI
= |

Ehe New {Jork Times

Electric Honeycombs Form When Nature Gets Out of Balance

Muhammad Shaheer Niazi, Pakistani Team
Member at the 29th IYPT 2016, attracts major
international media attention and coverage by
BBC World and The New York Times in October
2017

The IYPT-driven paper is based on the solution
for Problem No. 6 “Electric honeycomb” at the
29th IYPT 2016

The IYPT is acknowledged in the paper

Muhammad Shaheer Niazi has reported the
solution in Russia in Physics Fight 4

Muhammad Shaheer Niazi. The Electric Honeycomb;
an investigation of the Rose window instability. R.
Soc. open sci. 4, 170503 (2017)



Welcome to the 6th [IYNT 2018 in Thbilisi

=  The International Young Naturalists' Tournament, IYNT, is a whole
new competition with breathtaking problems, state-of-the-art ---EII
grading standards, and an impressive momentum =

= The IYNT bridges gaps between natural sciences and is focused u
on participants aged 12 through 16 ]

=  The IYNT has so far attracted 65 teams from 17 different
countries from Switzerland in the West to China in the East and
from Russia in the North to New Zealand in the South; has given
6042 grades in 303 stages; and has awarded 39 medals

= Do not hesitate and pre-register today




Call for cooperation

If you are interested in the idea behind the Kit — to structure the existing knowledge about
the physics behind the problems and to encourage students to contrast their personal
contribution from the existing knowledge — your cooperation is welcome

If more contributors join the work on the Kit for 2018, or plan bringing together the Kit for
2019, good editions may be completed earlier

It would be of benefit for everybody,

0 students and team leaders, who would have an early reference (providing a first impetus
to the work) and a strong warning that IYPT is all about appropriate, novel research, and
not about “re-inventing the wheel”

a jurors, who would have a brief, informal supporting material, possibly making them more
skeptical and objective about the presentations

2 the audience outside the IYPT, who benefits from the structured references in e.g. physics
popularization activities and physics teaching

2 the IYPT, as a community and a center of competence, that generates vibrant, state-of-
the-art research problems, widely used in other activities and at other events

2 and also the author (-s) of the Kit, who could rapidly acquire a competence for the future
activities and have a great learning experience



How to tackle the IYPT problems?

How to structure areport? = | ook through the historical solutions in the Archive
What level is competitive?

HQW _tc_) set the goals, f')_( the. an opportunity for goal-oriented o = (e
priorities, and set the direction critical learning l. t mell hv.
of the work? examples, not guidelines y p

How were people resolving those solutions were good, but o o

particular issues in the past? yours should be better!
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discouraged by the existing common
~knowledge and the ongoing work of

competing groups?




The originator of a new concept . . . finds, as a rule,

that it is much more difficult to find out why other peo-
ple do not understand him than it was to discover the

new truths.
—Hermann von Helmholtz

* The epigraph for the problems selected by the IYPT Founder Evgeny Yunosov on July 13, 2017



Problem No. 1 “Invent yourself”

Construct a simple seismograph that amplifies a local disturbance by mechanical,
optical or electrical methods. Determine the typical response curve of your device and
investigate the parameters of the damping constant. What is the maximum
amplification that you can achieve?




Background reading

Wikipedia: Seismometer, https://en.wikipedia.org/wiki/Seismometer

P. Bazanos. Building a seismograph from scrap. Science in School 23, 25-32 (2012),
http://www.scienceinschool.org/sites/default/files/teaserPdf/issue23 earthquakes.pdf
Seismology: Resources for Teachers (The Seismological Soc. of Amer.),
https://web.ics.purdue.edu/~braile/edumod/seisres/seisresbro.pdf,
http://web.ics.purdue.edu/~braile/edumod/seisres/seisresweb.htm

J.-L. Berenguer. Building a seismograph from scrap. European Geosciences Union (2013),
https://www.egu.eu/newsletter/geoq/03/education.pdf

J. Walker. Amateur Scientist: How to build a simpe seismograph to record earthquake waves at
home. Sci. Am. 241, 1, 152-161 (1979)

G. Barker. A working seismograph for the classroom. Michigan Earth Sci. 19, 4, 16-17 (1983)
R. L. Kroll. Construction modifications of the Lehman seismograph. J. Geolog. Educ. 35, 124-
125 (1987)

G. E. Averill. Build your own seismograph: An Earth-shaking, in-class project. The Sci. Teach.
62, 3, 48-52 (1995)

Build Your Own Seismograph (berkeley.edu, 1995),
http://cse.ssl.berkeley.edu/lessons/indiv/davis/hs/Seismograph.html

Manual of Seismological Observatory Practice: Types of Instruments (seismo.com),
http://www.seismo.com/msop/msop79/inst/instl.html



Background reading

=  This Seismometer Is No Toy! (barkergk, instructables.com),
http://www.instructables.com/id/This-Seismometer-is-no-toy/

= Build a Beautiful Seismometer to Detect Quakes and Explosions (makezine.com),
https://makezine.com/projects/make-experimental-optical-fiber-seismometer/

=  Seismology Science Fair Project Ideas (iris.edu),
https://www.iris.edu/hg/programs/epo/sciencefair

= |s There a Whole Lot of Shaking Going On? Make Your Own Seismograph and Find Out!
(sciencebuddies.org), https://www.sciencebuddies.org/science-fair-projects/project-
ideas/Geo _p017/geology/make-your-own-seismograph

= UPSeis: Michigan Technological University (geo.mtu.edu),
http://www.geo.mtu.edu/UPSeis/index.html

= Seismograms of Interest (ncedc.org), http://www.ncedc.org/bdsn/seismograms_of interest.html

= UK School Seismology: seismometer assembly (youtube, British Geological Survey, May 11,
2009), https://youtu.be/zogw8dI3fUQ

=  How Does a Seismometer Work? (youtube, UC Berkeley, May 7, 2015),
https://youtu.be/geNigkgZDXA

= K& Seismometer (youtube, KJMagneticsProducts, Mar 30, 2016), https://youtu.be/YfpuB-wAzT4

=  Science Project Seismograph by Sanya of 8th class HMHS Ferozguda (youtube, Sukhdev Singh,
Jan 16, 2017), https://youtu.be/C4wKpDbbLdU




Problem No. 2 “Colour of powders”

If a coloured material is ground to a powder, in some cases the resulting powder may
have a different colour to that of the original material. Investigate how the degree of
grinding affects the apparent colour of the powder.




Background reading

Wikipedia: Diffuse reflection, https://en.wikipedia.org/wiki/Diffuse_reflection

N. T. Melamed. Optical properties of powders. Part |. Optical absorption coefficients and the
absolute value of the diffuse reflectance. Part Il. Properties of luminescent powders. J. App.
Phys. 34, 3, 560 (1963)

K. L. Coulson, G. M. Bouricius, and E. L. Gray. Optical reflection properties of natural surfaces. |.
Geophys. Res. 70, 18, 4601-4611 (1965)

C. Bohren. Simple experiments in atmospheric physics: Multiple scattering at the beach.
Weatherwise 36, 4, 197-200 (1983)

Paul Kippax. Why particle sizing? Paint & Coatings Industry (2005),
http://www.iesmat.com/iesmat/upload/file/Malvern/Productos-MAL/DIF-Why%?20Particle%20size
%20in%20coatings%20industry.pdf

M. Elias. Relationship between the size distribution of mineral pigments and color saturation.
App. Optics 50, 16, 2464-2473 (2011)

A. M. Gueli, G. Bonfiglio, S. Pasquale, and S. O. Troja. Effect of particle size on pigments colour.
Color 42, 2, 236-243 (2017)

the material attributes of paints (handprint.com, 2015),
https://www.handprint.com/HP/WCL/pigmt3.html

corn grinder mill, corn mill grinder, corn grinder for sale, maize milling machine (youtube, Lei
Li, Dec 5, 2014), https://youtu.be/sByxd8pRCXY



Problem No. 3 “Dancing coin”

Take a strongly cooled bottle and put a coin on its neck. Over time you will hear a
noise and see movements of the coin. Explain this phenomenon and investigate how

the relevant parameters affect the dance.



Background reading

Wikipedia: Gas laws, https://en.wikipedia.org/wiki/Gas laws

The Dancing Penny (umanitoba.ca), www.umanitoba.ca/outreach/crystal/resources%?20for
%20teachers/The%20Dancing%20Coin.doc

Robert T. Bailey & Wayne L. Elban. Thermal performance of aluminum and glass beer bottles. |.
Heat Transfer Eng. 29, 7, 643-650 (2008)

Dancing Penny Experiment (youtube, kentchemistry.com, Jan 31, 2010),
https://youtu.be/RUOB5cI8qo4

Jumping Coin (youtube, Amar Chitra Katha Pvt Ltd, Aug 19, 2013),
https://youtu.be/20yD8PLCJ98

Jumping Coin Experiment by Manman (youtube, Manman Isaac, Mar 20, 2014),
https://youtu.be/ylaROpeVhWE

Dancing Coin (youtube, Dorje Gurung, Apr 24, 2013), https://youtu.be/X0JkEigLbPo

Coin jump up | Jumping coin trick revealed | Science experiment for kids (youtube, Elearnin,
May 7, 2013), https://youtu.be/3TjcbvmijglA

Vibrating Coin experiment (youtube, Geraldine6824, Oct 5, 2014),
https://youtu.be/E4bQ14 CQZA

Dancing Penny Experiment (youtube, Joe Tarlizzo, Nov 24, 2014), https://youtu.be/64BjlAyoa3k



Background reading

= Vibrating Coins Experiment - Solids EC Project (youtube, Hamdi Sherif, Dec 4, 2014),
https://youtu.be/WBQXfOUO2EE

=  Experiment Jumping coin (youtube, amev, Dec 12, 2015), https://youtu.be/1v-RnOzMw0o
=  Jumping coin (youtube, 4SciFun, Feb 29, 2016), https://youtu.be/tYlo7CfYZMs

=  Metal Ring on Dry Ice (youtube, Nicolas Chevalier, Jan 16, 2017),
https://youtu.be/vBGmQrGKqgf4




Problem No. 4 “Heron’s fountain”

Construct a Heron’s fountain and explain how it works. Investigate how the relevant
parameters affect the height of the water jet.




Background reading

=  Wikipedia: Heron's fountain, https://en.wikipedia.org/wiki/Heron%?27s_fountain

= R.Ya. Kezerashvili and A. Sapozhnikov. Magic fountain (2003), arXiv:physics/0310039
[physics.ed-ph]

= A.-M. Georgescu, S.-C. Georgescu and L. Stroia. Heron's fountain demonstrator. Rev. Rom. Ing.
Civ. 5, 2, 87-94 (2014)

=  Hero's Fountain (physics.kenyon.edu),
http://physics.kenyon.edu/EarlyApparatus/Fluids/Heros Fountain/Heros_Fountain.html

= M. de Vinck. Build Heron’s Fountain (makezine.com, 2008),
https://makezine.com/2008/06/08/build-herons-fountain-1/

= M. Shuttleworth. Make Heron’s Fountain (explorable.com, 2011),
https://explorable.com/herons-fountain

=  [epoHoB (hoHTaH cBOMMU pyKamu (virtuallab.by, 2014),
http://virtuallab.by/publ/interesnye_stati/interesnye_stati/geronov_fontan_svoimi_rukami/2-1-0-
92

=  HoBble repoHoBbI hoHTaHbl // 1. NepenbMaH. 3aHMMaTeNbHasa pusnka. KHura 2,
http://allforchildren.ru/sci/perelman2-60.php

=  Heron's Fountain (youtube, Peter Harris, Oct 28, 2012), https://youtu.be/AK3w_K8uPVE

=  Heron's Fountain Plastic Water Bottle 2 minute DIY no sealant, no glue (youtube,
GREENPOWERSCIENCE, Mar 31, 2013), https://youtu.be/92rSXLPupKw




Background reading

=  Heron's Fountain problem solved !!! (youtube, MunchausenTV, Aug 24, 2013),
https://youtu.be/5 PbblYwo018

=  Heron's Fountain. ®oHTaH NepoHa (youtube, veprojectl, Aug 25, 2013),
https://youtu.be/Sv9jrnnZKkLA

= [anuneo. dkcnepumeHT. ®oHTaH NepoHa (youtube, GalileoRU, Jan 22, 2014),
https://youtu.be/04dJLUM4ZZ4

= How does heron's fountain work? (youtube, Nikolay Donov, Jul 9, 2015),
https://youtu.be/pJHKZK8GVmMQ

= Heron's Fountain Three Bottle Fountain (youtube, The Q, Feb 22, 2017),
https://youtu.be/BmW1iZOAucs

=  Make Non Stop Heron’s Fountain Using Three Coca Cola 400ml (youtube, Foregoing Tuber, Sep
18, 2017), https://youtu.be/ril1OH1gG)Cqg

= Heron's Fountain : nnsaavinwuadiaasau (youtube, dekphysics, Nov 3, 2017),
https://youtu.be/5)FCyIEYTQQ
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Problem No. 5 “Drinking straw”

When a drinking straw is placed in a glass of carbonated drink, it can rise up,
sometimes toppling over the edge of the glass. Investigate and explain the motion of

the straw and determine the conditions under which the straw will topple.




Background reading

Wikipedia: Buoyancy, https://en.wikipedia.org/wiki/Buoyancy

Why does a straw float so high in a bottle of Coke? (quora.com, 2012),
https://www.quora.com/Why-does-a-straw-float-so-high-in-a-bottle-of-Coke

S. F. Jones, K. P. Galvin, G. M. Evans, and G. J. Jameson. Carbonated water: The physics of the
cycle of bubble production. Chem. Eng. Sci. 53, 1, 169-173 (1998)

G. Liger-Belair. The physics and chemistry behind the bubbling properties of champagne and
sparkling wines. J. Agric. Food Chem. 53, 8, 2788-2802 (2005)

S. Jones, G. Evans, K. Galvin. Bubble nucleation from gas cavities—A review. Adv. Colloid
Interface Sci. 80, 27-50 (1999)

P. Epstein and M. Plesset. Stability of gas bubbles in liquid-gas solutions. J. Chem. Phys. 18,
1505-1509 (1950)

W. Zijl. Departure of a bubble growing on a horizontal wall (Eindhoven Univ. Tech., 1978),
https://pure.tue.nl/ws/files/3977093/33762.pdf

STRAW RISES IN FULL GLASS OF COKE (youtube, Random Poop, Jan 3, 2017),
https://youtu.be/BbwhTdFshHO



Problem No. 6 “Ring oiler”

An oiled horizontal cylindrical shaft rotates around its axis at constant speed. Make a
ring from a cardboard disc with the inner diameter roughly twice the diameter of the
shaft and put the ring on the shaft. Depending on the tilt of the ring, it can travel along
the shaft in either direction. Investigate the phenomenon.




Background reading

= Wikipedia: Friction, https://en.wikipedia.org/wiki/Friction
= Ring Oiler @ Greenwich Village (youtube, iyptchile, Feb 22, 2017),
https://youtu.be/FXULCKpbQWI

= Ring in the rotate rod (youtube, Marut Puangsudrak, Aug 16, 2017),
https://youtu.be/g46ITMAMNCC

= |YPT2018 Problem 6 Ring Oiler (youtube, Associate Professor Kim, Sep 8, 2017),
https://youtu.be/Hea-bBTpMqgo

= |YPT Ring Oiler (youtube, &&=, Oct 8, 2017), https://youtu.be/a7H60rdsTDw




Problem No. 7 “Conical piles”

Non-adhesive granular materials can be poured such that they form a cone-like pile.
Investigate the parameters that affect the formation of the cone and the angle it
makes with the ground.




Background reading

Wikipedia: Angle of repose, https://en.wikipedia.org/wiki/Angle_of repose

Wikipedia: Abelian sandpile model, https://en.wikipedia.org/wiki/Abelian_sandpile_model

H. J. Herrmann. On the shape of a sandpile. In: Physics of Dry Granular Media (Eds. H. J.
Hermann et al., Kluwer 1998), pp. 319-338, http://www.comphys.ethz.ch/hans/p/224.pdf

J. Duran, A. Reisinger. Sands, powders, and grains: An introduction to the physics of granular
materials (Springer-Verlag New York, 1999)

R. L. Brown and J. C. Richards. Principles of powder mechanics (Pergamon Press, Oxford, 1970)
H. M. Jaeger, Ch.-h. Liu, and S. R. Nagel. Relaxation at the angle of repose. Phys. Rev. Lett. 62,
1-2,40-43 (1989)

S. K. Grumbacher, K. M. McEwen, D. A. Halverson, D. T. Jacobs, and J. Lindner. Self-organized
criticality: An experiment with sandpiles. Am. J. Phys. 61, 329 (1993)

A. Mehta and G. C. Barker. The dynamics of sand. Reports on Prog. in Phys. 57, 383-416 (1994)
V. Frette, K. Christensen, A. Malthe-Sgrenssen, |. Feder, T. Jgssang, and P. Meakin. Avalanche
dynamics in a pile of rice. Nature 379, 49-52 (1996)

J. J. Alonso, J. P. Hovi, and H. J. Herrmann. Model for the calculation of the angle of repose from
the microscopic grain properties. Phys. Rev. E 58, 672-680 (1998)

A. L. Barabasi, R. Albert, and P. Schiffer. The physics of sand castles: maximum angle of
stability in wet and dry granular media. Physica A 266, 366-371 (1999)

Y. C. Zhou, B. H. Xu, A. B. Yu, and P. Zulli. Numerical investigation of the angle of repose of
monosized spheres. Phys. Rev. E 64, 021301 (2001), http://ro.uow.edu.au/cgi/viewcontent.cgi?
article=7733&context=eispapers



Background reading

Y. C. Zhou, B. H. Xu, A. B. Yu, and P.Zulli. An experimental and numerical study of the angle of
repose of coarse spheres. Powder Tech. 125, 1, 45-54 (2002)

N. Yoshioka. A sandpile experiment and its implications for self-organized criticality and
characteristic earthquake. Earth Planets Space 55, 283-289 (2003),
http://www.johnboccio.com/courses/SOC26/55060283.pdf

S. Nowak, A. Samadani, and A. Kudrolli. Maximum angle of stability of a wet granular pile.
Nature Physics 1, 50-52 (2005), arXiv:cond-mat/0508352v1 [cond-mat.other]

N. A. Pohiman, B. L. Severson, J. M. Ottino, and R. M. Lueptow. Surface roughness effects in
granular matter: Influence on angle of repose and the absence of segregation. Phys. Rev. E,
73, 031304 (2006)

K. E. lleleji and B. Zhou. The angle of repose of bulk corn stover particles. Powder Technology,
110-118 187 (2008)

Zh. Liu. Measuring the angle of repose of granular systems using hollow cylinders (Univ. of
Pittsburg, 2011), http://d-scholarship.pitt.edu/6401/1/MSThesisZhichaolLiu03042011.pdf

|. Peterson. Dry sand, wet sand. Digging into the physics of sandpiles and sand castles. Science
News, 152, 12, 186 (1997), http://www.sciencenews.org/pages/pdfs/data/1997/152-12/15212-
16.pdf

A. Breslin. Methods of Determining the Angle of Repose (sciencing.com, 2017),
https://sciencing.com/methods-determining-angle-repose-8380160.html

Stephen A. Nelson. Slope Stability, Triggering Events, Mass Movement Hazards (tulane.edu,
2013), http://www.tulane.edu/~sanelson/Natural_Disasters/slopestability.htm



Background reading

= Carla Whittington and Eric M. D. Baer. Angle of Repose (wou.edu),
http://www.wou.edu/las/physci/taylor/g322/angle_of repose_activity.pdf

= TF2UII- AT UR—X: Angle of repose ( ZEH ) (youtube,S. Isaji, Oct 4, 2011),
https://youtu.be/Rmu0ITi9hYU

=  Flowability test of Granular inoculants (youtube, beckerunderwood, Sep 17, 2012),
https://youtu.be/mMsDKOmyWkk

=  Granular Materials at Peddie #6 - Avalanches and Angle Of Repose (youtube, PeddiePhysics,
Dec 18, 2013), https://youtu.be/QVYjgaekahU

=  DEM Slump test (youtube, Simphysics, May 23, 2014), https://youtu.be/iP81DNyS)zY

=  Sand experiment 1: angle of repose (youtube, The Art of Tracking, Dec 10, 2014),
https://youtu.be/nf9rXcCR9Dw

= Angle of repose...Physics of toys // Homemade Science with Bruce Yeany (youtube, Bruce
Yeany, Feb 20, 2016), https://youtu.be/7UM5R-0MBHCc




Problem No. 8 “Cusps in a cylinder”

A horizontal cylinder is partially filled with a viscous fluid. When the cylinder is rotated
around its axis, unusual fluid behaviour can be observed, such as cusp-like shapes on

the walls of the cylinder. Investigate the phenomenon.




Background reading

Wikipedia: Hydrodynamic stability, https://en.wikipedia.org/wiki/Hydrodynamic_stability
S. T. Thoroddsen and L. Mahadevan. Experimental study of coating flows in a partially-filled

horizontally rotating cylinder. Exp. Fluids 23, 1-13 (1997),
https://www.seas.harvard.edu/softmat/downloads/pre2000-13.pdf

A. E. Hosoi and L. Mahadevan. Axial instability of a free-surface front in a partially filled
horizontal cylinder. Phys. Fluids 11, 1, 97-106 (1999)

R. Chicharro, A. Vazquez, and R. Manasseh. Characterization of patterns in rimming flow. Exp.
Therm. Fluid Sci. 35, 6, 1184-1192 (2011)

V. Dyakova, V. Kozlov, and D. Polezhaev. Pattern formation inside a rotating cylinder partially
filled with liquid and granular medium. Shock and Vibration 841320 (2014)

V. Kozlov and D. Polezhaev. Flow patterns in a rotating horizontal cylinder partially filled with
liquid. Phys. Rev. E 92, 1, 013016 (2015)

Rimming flow of a viscous fluid in a horizontal rotating tube (youtube, Stephen Morris, Apr 11,
2011), https://youtu.be/7VwkBtHrXKY



Problem No. 9 “Candle in water”

Add some weight to a candle such that it barely floats in water. As the candle burns, it
may continue to float. Investigate and explain this phenomenon.




Background reading

Wikipedia: Buoyancy, https://en.wikipedia.org/wiki/Buoyancy

Wikipedia: Candle, https://en.wikipedia.org/wiki/Candle

S. Theodorakis and C. Aristidou. The paradox of the floating candle that continues to burn. Am.
J. Phys. 80, 657-663 (2012)

M. Faraday. A Course of Six Lectures on the Chemical History of a Candle (Griffin, Bohn & Co.,
1861), https://archive.org/details/chemicalhistoryoOOfaraiala

J. Walker. The Physics and Chemistry Underlying the Infinite Charm of a Candle Flame:
Amateur Scientist. Sci. Am. 238, 4, 154-162 (1978)

K. Rezaei, T. Wang, and L. A. Johnson. Combustion characteristics of candles made from
hydrogenated soybean oil. J. Am. Oil Chem. Soc. 79, 8, 803-808 (2002)

A. P. Hamins, M. F. Bundy, and S. E. Dillon. Characterization of candle flames. J. Fire Protection
Eng. 15, 4, 265-285 (2005), http://fire.nist.gov/bfripubs/fire05/PDF/f05141.pdf

M. P. Raju and J. S. T'ien. Modelling of candle burning with a self-trimmed wick. Combustion
Theory and Modelling 12, 2, 367-388 (2008)

Brian Rohring. The captivating chemistry of candles (myteacherpages.com),
http://www.myteacherpages.com/webpages/CCPHS/files/captivating%20chemistry%20of
%20candles.pdf

BoasaHonm noacseyvHuk (uchifiziku.ru, 2011), http://uchifiziku.ru/2011/09/01/vodyanoj-
podsvechnik/

B. H. Butep. CBeyva-nonnaBok (ropswas ceeya naasaeT Ha Boae) // Xumunsa n xuMmnkin, Ne 3, 13
(2016), http://chemistry-chemists.com/N3_2016/ChemistryAndChemists_3 2016-P13-1.html



Problem No. 10 “Tesla valve”

A Tesla valve is a fixed-geometry, passive, one-direction valve. A Tesla valve offers a
resistance to flow that is much greater in one direction compared to the other. Create
such a Tesla valve and investigate its relevant parameters.




Background reading

Wikipedia: Tesla valve, https://en.wikipedia.org/wiki/Tesla_valve

Nikola Tesa. Valvular conduit. US patent US 1329559 A (1920),
https://www.google.com/patents/US1329559

T.-Q. Truong and N.-T. Nguyen. Simulation and Optimization of Tesla Valves. Tech. Proc.
Nanotech 2003, vol. 1 (2003), http://www.nsti.org/publications/Nanotech/2003/pdf/M7205.pdf
F. K. Forster and T. Walter. Fixed-Valve micropump simulation and optimization—Designing for
specific pressure-flow requirements. Tech. Proc. Nanotech 2007, Vol. 3, 429-432 (2007),
http://gadgillab.berkeley.edu/wp-content/uploads/2016/06/Fixed-Valve-Micropump-Simulation-
and-Optimization.pdf

S. M. Thompson, B. J. Paudel, T. Jamal and D. K. Walters. Numerical investigation of
multistaged Tesla valves. J. Fluids Eng. 136, 8, 081102 (2014)

S. Bendib and O. Francais. Analytical study of microchannel and passive microvalve:
application to micropump simulator. Proc. SPIE 4593, 283-291 (19 Nov 2001),
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.116.1&rep=repl&type=pdf

The Tesla Valve (epicphysics.com), http://www.epicphysics.com/model-engine-kits/tesla-
turbine-kit/the-tesla-valve/

Tesla Valve - Nikola Tesla'sValvular Conduit best video (youtube, PhysicsHack, Nov 1, 2013),
https://youtu.be/XhjtSqLz88Q

The Tesla Valve (youtube, YTEngineer, Jan 7, 2014), https://youtu.be/rYIPS5TEKf2w

Tesla valve animation (youtube, ErrantScience, Feb 25, 2014), https://youtu.be/HnSqQHM1n9y8



Background reading

= Tesla Valve (youtube, Grand lllusions, May 12, 2015), https://youtu.be/ozFBsMyyDSE

= Nikola Tesla Valve, Valvular Conduit Executive Toy -- Solid Oak! (youtube, PhysicsHack, Jul 21,
2016), https://youtu.be/sXUdOtSXk]s

=  Evaluation of a Tesla-type Non Moving Parts Valve for Molecular Flow (youtube, wsshambaugh,
Dec 12, 2016), https://youtu.be/gkhp2-4EiCg

=  #23 Das Ventil des Herrn Tesla (Teslavalve) (youtube, KURIOSA DER TECHNIKGESCHICHTE,
Apr 21, 2017), https://youtu.be/3-U8]IDohlo

= Tesla Valve (KnanaH Tecnbl) (youtube, maxim zelikman, Oct 25, 2017),
https://youtu.be/wW6BXzheAuc




Prob. No. 11 “Azimuthal-radial pendulum”

Fix one end of a horizontal elastic rod to a rigid stand. Support the other end of the rod
with a taut string to avoid vertical deflection and suspend a bob from it on another
string (see figure). In the resulting pendulum the radial oscillations (parallel to the rod)
can spontaneously convert into azimuthal oscillations (perpendicular to the rod) and

vice versa. Investigate the phenomenon.




Background reading

Wikipedia: Double pendulum, https://en.wikipedia.org/wiki/Double pendulum
Wikipedia: Standard map, https://en.wikipedia.org/wiki/Standard_map

B. Ya. Zeldovich and M. J. Soileau. Bi-frequency pendulum 2: modeling apodization, Fourier and
adiabatic following in optics. Proc. SPIE 9663, 8th Intl Topical Meeting on Educ. and Training in
Optics and Photonics, 966321 (2003), https://www.spiedigitallibrary.org/conference-
proceedings-of-spie/9663/1/Bi-frequency-pendulum-2--modeling-apodization-Fourier-and-
adiabatic/10.1117/12.2208487 .full

B. Ya. Zeldovich and M. J. Soileau. Bi-frequency pendulum on a rotary platform: modeling
various optical phenomena. Physics Uspekhi 47, 12, 1239-1255 (2004),
http://elibrary.lt/resursai/Uzsienio%?20leidiniai/Uspechi_Fiz_Nauk/2004/ufn4 12/2004-12-05.pdf
B. Y. Zeldovich, C. Atkins, and A. Hughes. Modeling second harmonic generation and
parametric excitation by a bi-frequency pendulum. In: "Frontiers in Optics" (OSA Technical
Digest, Opt. Soc. Am. 2006), JWD49

Michael Hart. The driven pendulum (maths.surrey.ac.uk, 2004),
http://www.maths.surrey.ac.uk/explore/michaelspages/documentation/Driven

Randall Douglas Peters. Example pendula (physics.mercer.edu),
http://physics.mercer.edu/petepag/pend.htm

G. Gonzalez. A pendulum with moving support point (2006),
http://www.phys.lsu.edu/faculty/gonzalez/Teaching/Phys7221/PendulumWithMovingSupport.pdf
Eugene I. Butikov. Subharmonic resonances of the parametrically driven pendulum
(butikov.faculty.ifmo.ru), http://butikov.faculty.ifmo.ru/Subresonances.pdf



Background reading

= Eugene |. Butikov. Nonlinear Oscillations package,
http://butikov.faculty.ifmo.ru/Nonlinear/Nonlinear.zip

= E. K. Dunn. The Effect of String Drag on a Pendulum (Univ. of Kansas, Physics Dept., 2012),
http://people.ku.edu/~matt915/projects/papers/PendulumDrag.pdf

=  The Damped Driven Pendulum: A Chaotic System,
http://www.physics.udel.edu/~jim/PHYS460 660 13S/oscillations&chaos/The%20chaotic
%20pendulum.htm

= John H. Hubbard. The Forced Damped Pendulum: Chaos, Complication and Control,
http://www.math.cornell.edu/~hubbard/pendulum.pdf

= Josh Bevivino. The Path from the Simple Pendulum to Chaos (2009),
http://fraden.brandeis.edu/courses/phys39/chaos/Bevivino%20Student%20rept
%20pendulum.pdf

= S, W. Shaw and S. Wiggins. Chaotic dynamics of a whirling pendulum. Physica D: Nonlin. Phen.
31, 190-211 (1988),
http://www.researchgate.net/publication/223696347 Chaotic_dynamics_of a whirling_pendulu
m

= 0. V. Kholostova. Some problems of the motion of a pendulum when there are horizontal
vibrations of the point of suspension. Journal of Applied Mathematics and Mechanics 59, 553-
561 (1995)

= R. V. Dooren. Chaos in a pendulum with forced horizontal support motion: a tutorial. Chaos,
Solitons and Fractals 7, 77-90 (1996)




Background reading

W. T. Grandy. Simulations of nonlinear pivot-driven pendula. Am. J. Phys. 65, 5, 376-381 (1997)

J. L. Trueba, J. P. Baltanas, and M. A. F. Sanjuan. A generalized perturbed pendulum. Chaos,
Solitons & Fractals 15, 5, 911-924 (2003)

Ya. Liang and B. F. Feeny. Parametric identification of a base-excited single pendulum.
Nonlinear Dynamics 46, 1-2, 17-29 (2006),
https://pdfs.semanticscholar.org/fbec/481ab746d3af81d5be3b05f6fdf2bed27e7f.pdf

D. Bolster, R. E. Hershberger, R. J. Donnelly. Oscillating pendulum decay by emission of vortex
rings. Phys. Rev. E 81, 046317 (2010),
http://www3.nd.edu/~bolster/Diogo_Bolster/Research 6 - Vortex Rings files/21%20-
%20Pendulum.pdf

A. O. Belyakov. On rotational solutions for elliptically excited pendulum. Phys. Lett. A 375, 25,
2524-2530 (2011), arXiv:1101.0062 [math-ph]

B. Horton, J. Sieber, J. M. T. Thompson, and M. Wiercigroch. Dynamics of the nearly parametric
pendulum. Int. J. Non-Linear Mech. 46, 2, 436-442 (2011), arXiv:0803.1662v3 [math.DS]

Azimuthal Radial Pendulum short slow (youtube, maxim zelikman, Aug 7, 2017),
https://youtu.be/1BhCXEd1zM4

Azimuthal-Radial Pendulum (youtube, maxim zelikman, Aug 7, 2017),
https://youtu.be/Z)JoW9we6jP8

IYPT #Z##2#% -1 (youtube, colin su, Sep 1, 2017), https://youtu.be/ F1qwCT3UOM
IYPT $EiE#28% -2 (youtube, colin su, Sep 1, 2017), https://youtu.be/ZmOjUiKWZgQ



Background reading

= gnaudaYsEunu (youtube, pooh jioop, Sep 27, 2017), https://youtu.be/U)JpUIFzZhs

= Azimuthal Radial Pendulum (gneu&avszuny) (youtube, dekphysics, Oct 23, 2017),
https://youtu.be/PCOTKOgQ8UQ




Problem No. 12 “Curie point engine”

Make a nickel disc that can rotate freely around its axis. Place a magnet near the edge
of the disc and heat this side of it. The disc starts to rotate. Investigate the parameters

affecting the rotation and optimize the design for a steady motion.




Background reading

Wikipedia: Curie temperature, https://en.wikipedia.org/wiki/Curie_temperature
Wikipedia: Curie's law, https://en.wikipedia.org/wiki/Curie%?27s law
F. Brailsford. Theory of a ferromagnetic heat engine. Proc. IEE 111, 9, 1602-1606 (1964)

A. S. Cookfair. Tesla's thermomagnetic motor. Pop. Electr. 25, 6, 70 (1966),
https://teslauniverse.com/sites/default/files/article_files/19661200-01.pdf,
http://www.americanradiohistory.com/Archive-Poptronics/60s/66/Pop-1966-12.pdf

G. Barnes. Rotary Curiepoint heat engine. Phys. Teach. 24, 204-210 (1986)

H. Toftlund. A rotary Curie point magnetic engine: A simple demonstration of a Carnot-cycle
device. Am. J. Phys. 55, 48-49 (1987)

G. Barnes. The two cycles of the rotary Curiepoint heat engine. Am. J. Phys. 57, 223-229 (1989)

A. Karle. The thermomagnetic Curie-motor for the conversion of heat into mechanical energy.
Int. J. Thermal Sci. 40, 9, 834-842 (2001)

Yu. Takahashi, T. Matsuzawa, and M. Nishikawa. Fundamental performance of the disc-type
thermomagnetic engine. Elect. Eng. in Japan 148, 4, 26-33 (2004)

M. Trapanese, A.Viola, and V. Franzitta. Design and experimental test of a thermomagnetic
motor. AASRI Procedia 2, 199-204 (2012)

M. Ingale, S. Jain, and S. D'Silva. Study and analysis Of a magnetic heat engine. Int. J. Eng. Res.
Tech. 2, 9, 441-447 (2013)

C. Chiaverina and G. Lisensky. Nickel Curie point engine. Phys. Teach. 52, 250 (2014)

N. McGlohon, N. Beck, T. Corbly, and R. Mihelic. Curie Temperature (nhn.ou.edu, 2013),
https://www.nhn.ou.edu/~johnson/Education/Juniorlab/Magnetism/2013F-CuriePoint.pdf



Background reading

J. S. Kouvel and M. E. Fisher. Detailed magnetic behavior of nickel near its Curie point. Phys.
Rev. 136, A1626 (1964)

S. Arajs. Paramagnetic behavior of nickel just above the ferromagnetic Curie temperature. |.
App. Phys. 36, 1136 (1965)

J. E. Noakes and A. Arrott. Surface of magnetization, field, and temperature for nickel near its
Curie temperature. J. App. Phys. 38, 973-974 (1967)

D. L. Connelly, J. S. Loomis, and D. E. Mapother. Specific heat of nickel near the Curie
temperature. Phys. Rev. B 3, 3, 924 (1971)

J. Hubbard. Magnetism of nickel. Phys. Rev. B 23, 5974-5977 (1981)

S. Velasco and F. L. Roman. Determining the Curie temperature of iron and nickel. Phys. Teach.
45, 6, 387-389 (2007), https://physlab.lums.edu.pk/images/9/90/Curie_temperature.pdf

Curie motor vided (youtube, gamfmedial, Feb 4, 2011), https://youtu.be/LexcwNDW-2s

Curie Motor,Curie point engine 1 (youtube, xofunkox, Jan 18, 2011),
https://youtu.be/gMDU6XO zF4

Curie Motor,Curie point engine 2 (youtube, xofunkox, Jul 22, 2014),
https://youtu.be/0detZxDJFbw

Curie Motor,Curie point engine 3 (youtube, xofunkox, Feb 27, 2016),
https://youtu.be/0sLeigH5UQk

Thermo-Magnetic-Motor-Curie point (youtube, gilbondfac, Jul 12, 2012),
https://youtu.be/C9x7C7eGVv7E



Background reading

= Curie Temperature/Point Rotor - How it's Made/How it Works (youtube, RimstarOrg, Jun 6,
2014), https://youtu.be/9QLiy0Po-tM

=  Motor with a Nickel Coin. Curie Thermal Engine. (youtube, mopatin, May 31, 2016),
https://youtu.be/-cJOVS3K34I

= Curie Point Engine wr3asauda3 3n v vinyuléle (youtube, dekphysics, Oct 7, 2017),
https://youtu.be/hggx-RT3VEC




Problem No. 13 “Weighting time”

It is commonly known that an hourglass changes its weight (as measured by a scale)
while flowing. Investigate this phenomenon.




Background reading

Wikipedia: Hourglass, https://en.wikipedia.org/wiki/Hourglass

A. Sack and T. Pdschel. Weight of an hourglass—Theory and experiment in quantitative
comparison. Am. J. Phys. 85, 98 (2017), http://www.mss.cbi.fau.de/content/uploads/Gewicht-
Sanduhr.pdf

W. P. Reid. Weight of an hourglass. Am. J. Phys. 35, 351-352 (1967)

K. Y. Shen and B. L. Scott. The hourglass problem. Am. J. Phys. 53, 787-788 (1985),
http://www.jakubw.pl/sci/klepsydra/problem-klepsydry.pdf

P. P. Ong. The wavering weight of the hour-glass. Eur. J. Phys. 11, 3, 188-190 (1990)
A. A. Mills, S. Day, and S. Parkes. Mechanics of the sandglass. Eur. J. Phys. 17, 3, 97-109 (1996)

|. H. Redmount and R. H. Price. The weight of time. Phys. Teach. 36, 432-434 (1998),
http://www.jakubw.pl/sci/klepsydra/problem-klepsydryl.pdf

C. T. Veje and P. Dimon. The dynamics of granular flow in an hourglass. Granular Matt. 3, 3,
151-164 (2001)

V. Becker and T. Poschel. Hourglass of constant weight. Granular Matter 10, 231-232 (2008)

F. Tuinstra and B. F. Tuinstra. The Weight of an hourglass. Europhys. News 41, 3, 25-28 (2010),
https://www.europhysicsnews.org/articles/epn/pdf/2010/03/epn2010413p25.pdf

W. A. Beverloo, H. A. Leniger, and J. van de Velde. The flow of granular solids through orifices.
Chem. Eng. Sci. 15, 3-4, 260-269 (1961)

T. Le Pennec, K. J. Malgy, A. Hansen, M. Ammi, D. Bideau, and X.-L. Wu. Ticking hour glasses:
Experimental analysis of intermittent flow. Phys. Rev. E 53, 3, 2257-2264 (1996)



Background reading

= M. Yersel. The flow of sand. Phys. Teach. 38, 5, 290-291 (2000)

= 110. Weight of an Hourglass (UCLA Physics & Astronomy, Instructional Resource Lab),
http://demoweb.physics.ucla.edu/content/110-weight-hourglass

=  Floating Hourglass (youtube, Grand Illusions, Mar 1, 2012), https://youtu.be/kctdo6rQZbY

=  Weight of an Hourglass (youtube, Powders&Grains 2017, Jan 23, 2017),
https://youtu.be/JIVrQQ5jRIc




Problem No. 14 “Radiant lantern”

When taking a picture of a glowing lantern at night, a number of rays emanating from
the centre of the lantern may appear in the pictures. Explain and investigate this

phenomenon.



Background reading

=  Wikipedia: Diffraction spike, https://en.wikipedia.org/wiki/Diffraction_spike

=  Wikipedia: Diffraction, https://en.wikipedia.org/wiki/Diffraction

=  Wikipedia: Diaphragm (optics), https://en.wikipedia.org/wiki/Diaphragm_(optics)
=  Why do the lights in this photograph each have 14 "spikes"? (reddit.com),

https://www.reddit.com/r/askscience/comments/2vazrp/why do_the lights in_this_photograph_
each_have 14/

= How to get “rays” in night photos? (photo.stackexchange.com, 2012),
https://photo.stackexchange.com/questions/29599/how-to-get-rays-in-night-photos

=  Why do light sources appear as stars sometimes? (photo.stackexchange.com, 2011),
https://photo.stackexchange.com/questions/6605/why-do-light-sources-appear-as-stars-
sometimes

=  Filters Explained: Star Filter (ephotozine.com, 2017),
https://www.ephotozine.com/article/filters-explained--star-filter--27099

= DIY Star Filter (instructables.com, 2009), http://www.instructables.com/id/DIY-Star-Filter/

= Quick Tip: Making a DIY Star Filter (photography.tutsplus.com, 2013),
https://photography.tutsplus.com/articles/quick-tip-making-a-diy-star-filter--photo-12767

=  Katie McEnaney. Using Sun Flares and Starbursts to Create Stunning Images (digital-
photography-school.com), https://digital-photography-school.com/using-sun-flares-starbursts-
create-stunning-images/

=  Why are stars spiky? - Deep Sky Videos (youtube, DeepSkyVideos, Sep 25, 2012),
https://youtu.be/ipe3NN1yPzM




Problem No. 15 “Blowing bubbles”

When blowing on a soap film in a ring, a bubble may be formed. The liquid film may
pop or continue to exist. Investigate how the number of bubbles produced from a
single soap film and the characteristics of the bubbles depend on the relevant

parameters.




Background reading

=  Wikipedia: Soap bubble, https://en.wikipedia.org/wiki/Soap_bubble

= L. Salkin, A. Schmit, P. Panizza, and L. Courbin. Generating soap bubbles by blowing on soap
films. Phys. Rev. Lett. 116, 077801 (2016)

= M. L. Zhou, M. Li, Z. Y. Chen, J. F. Han, and D. Liu. Formation of soap bubbles by gas jet (2017),
arXiv:1707.08161 [physics.flu-dyn]

= L. Courbin and H. Stone. Impact, puncturing, and the self-healing of soap films. Phys. Fluids 18,
091105 (2006), http://www.princeton.edu/~stonelab/Publications/pdfs/From
%20Howard/PhysicsFluids/CourbinStonePosterPhysicsofFluid06-SoapFilms.pdf

=  The Chemistry (and a little physics) of Soap Bubbles (chymist.com, 2010),
http://www.chymist.com/soap%20bubbles%20part%201.pdf

= P.-G. de Gennes, F. Brochard-Wyart, D. Quéré. Gouttes, bulles, perles et ondes (Paris, éd. Belin,
2002)

=  Bubbles in Slow Motion (youtube, Chrono, Nov 14, 2014), https://youtu.be/Qmp6BgVICEM
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Problem No. 16 “Acoustic levitation”

Small objects can levitate in acoustic standing waves. Investigate the phenomenon. To
what extent can you manipulate the objects?



Background reading

Wikipedia: Acoustic levitation, https://en.wikipedia.org/wiki/Acoustic_levitation
Wikipedia: Acoustic radiation pressure,
https://en.wikipedia.org/wiki/Acoustic_radiation_pressure

R. Cordaro and C. F. Cordaro. A demonstration of acoustical levitation. Phys. Teach. 24, 416
(1986)

R. S. Schappe and C. Barbosa. A simple, inexpensive acoustic levitation apparatus. Phys.
Teach. 55, 6 (2017)

E. H. Brandt. Suspended by sound. Nature 413, 474-475 (2001)

L. V. King. On the acoustic radiation pressure on spheres. Proc. Royal Soc. A 147, 861, 212-240
(1934), http://www.usenclosure.com/Diffraction%20Graphs/On%20the%20Acoustic
%20Radiation%20Pressure%200n%20Spheres.pdf

V. N. Bindal, T. K. Saksena, S. K. Jain, and G. Singh. Acoustic levitation and its application in
estimation of high power sound field. App. Acoustics 17, 2, 125-133 (1984)

M. Barmatz and P. Collas. Acoustic radiation potential on a sphere in plane, cylindrical, and
spherical standing wave fields. J. Acoustical Soc. Am. 77, 928-945 (1985),
http://www.csun.edu/~vcphy00d/PDFPublications/1985%20Barmatz-Collas.pdf

P. Collas, M. Barmatz, and C. Shipley. Acoustic levitation in the presence of gravity. J.
Acoustical Soc. Am. 86, 777-787 (1989),
http://www.csun.edu/~vcphy00d/PDFPublications/1989%20Collas-Barmatz-Shipley.pdf



Background reading

Y. Hashimoto, Y. Koike, and S. Ueha. Acoustic levitation of planar objects using a longitudinal
vibration mode. J. Acoust. Soc. Jpn. E 16, 3, 189-192 (1995)

H. M. Hertz. Standing-wave acoustic trap for nonintrusive positioning of microparticles. J. App.
Phys. 78, 4845-4849 (1995)

Y. Tian, R. Glynn Holt, and R. E. Apfel. A new method for measuring liquid surface tension with
acoustic levitation. Rev. Sci. Instrum. 66, 3349-3354 (1995)

A. L. Yarin, M. Pfaffenlehner, and C. Tropea. On the acoustic levitation of droplets. J. Fluid Mech.
356, 65-91 (1998)

T. Hasegawa, T. Kido, T. lizuka, and Ch. Matsuoka. A general theory of Rayleigh and Langevin
radiation pressures. J. Acoust. Soc. Jpn. E 21, 3, 145-152 (2001)

W. J. Xie and B. Wei. Parametric study of single-axis acoustic levitation. App. Phys. Lett. 79, 6,
881-883 (2001)

U. Sadayuki. Phenomena, theory and applications of near-field acoustic levitation. Revista de
Acustica XXXIII, 3-4, 21-25 (2002), http://www.sea-
acustica.es/fileadmin/publicaciones/revista VOL33-34 02 01.pdf

T. Otsuka and T. Nakane. Ultrasonic levitation for liquid droplet. Jap. J. App. Phys. 41, 1, 5B,
3259-3260 (2002)

W. J. Xie and B. Wei. Dependence of acoustic levitation capabilities on geometric parameters.
Phys. Rev. E 66, 026605 (2002)

P. L. Marston and D. B. Thiessen. Manipulation of fluid objects with acoustic radiation pressure.
Ann. N. Y. Acad. Sci. 1027, 414-434 (2004)



Background reading

T. Kozuka, K. Yasui, T. Tuziuti, A. Towata, and Ya. lida. Acoustic standing-wave field for
manipulation in air. Jap. J. App. Phys. 47, 5S, 4336-4338 (2008)

A. Ibaneza, C. Fritscha, M. Parrillaa, and J. Villazéna. Monochromatic Transfer Matrix method for
acoustic field simulation thorough media boundaries. Physics Procedia 3, 883-890 (2010)

S. Zhao and J. Wallaschek. A standing wave acoustic levitation system for large planar objects.
Arch. App. Mech. 81, 2, 123-139 (2011),
http://www.aldebaran.cz/bulletin/2014_07/AAM_CD final.pdf

D. Foresti, M. Nabavi, and D. Poulikakos. On the acoustic levitation stability behaviour of
spherical and ellipsoidal particles. J. Fluid Mech. 709, 581-592 (2012)

D. Foresti, M. Nabavi, M. Klingauf, A. Ferrari, and D. Poulikakos. Acoustophoretic contactless
transport and handling of matter in air. PNAs 110, 31, 12549-12554 (2013)

M. A. B. Andrade, N. Pérez, and J. C. Adamowski. Particle manipulation by a non-resonant
acoustic levitator. Appl. Phys. Lett. 106, 014101 (2015)

M. A. B. Andrade, A. L. Bernassau, and J. C. Adamowski. Acoustic levitation of a large solid
sphere. Appl. Phys. Lett. 109, 044101 (2016)

A. Marzo, A. Barnes, and B. W. Drinkwater. TinyLev: A multi-emitter single-axis acoustic
levitator. Rev. Sci. Instr. 88, 085105 (2017)

Sasa Hrka. Acoustic levitation (Univ. of Ljubljana, 2015), http://mafija.fmf.uni-
lj.si/seminar/files/2014 2015/Acoustic_levitation.pdf



Background reading

B. Drinkwater and P. Glynne-Jones. How to make an ultrasonic levitator (royalsociety.org,
2014), https://sse.royalsociety.org/2014/media/8871/how-to-make-an-ultrasonic-levitator-web-
1.pdf

T. V. Wilson. How Acoustic Levitation Works (howstuffworks.com),
http://science.howstuffworks.com/acoustic-levitationl.htm

Lisa Zyga. Researchers demonstrate acoustic levitation of a large sphere (phys.org, 2016),
https://phys.org/news/2016-08-acoustic-levitation-large-sphere.html

Fast acoustic tweezers (youtube, Philippe Marmottant, Oct 16, 2012),
https://youtu.be/FaOqy)pT7AM

Acoustic Levitation in ULTRA SLOW MOTION - Smarter Every Day 134 (youtube,
SmarterEveryDay, Apr 29, 2015), https://youtu.be/0K8zs-KSitc

Sonic Tractor Beam Demonstration (youtube, Andrew Glester, Sep 19, 2016),
https://youtu.be/0Onh2IftOclO

Tractorbeam mit Ultraschall (youtube, ibnews, Jan 27, 2017), https://youtu.be/ZYKiIXBVpO78

Ultrasonic Levitation (youtube, Harvard Natural Sciences Lecture Demonstrations, Feb 23,
2017), https://youtu.be/XpNbyfxxkWE

TinyLev small (youtube, N+1 Bugeo, Aug 17, 2017), https://youtu.be/QulZg_UGEOE

1st attempt of acoustic levitation with TinyLev (youtube, Leviator, our take of acoustic
levitation, Nov 2, 2017), https://youtu.be/QI2BKOBJNhU



[Ioveliveser‘
Problem No. 17 “Water bottle”

The current craze of water bottle flipping involves launching a partially filled plastic
bottle into the air so that it performs a somersault before landing on a horizontal
surface in a stable, upright position. Investigate the phenomenon and determine the
parameters that will result in a successful flip.




Background reading

=  Wikipedia: Bottle flipping, https://en.wikipedia.org/wiki/Bottle flipping

= |t's flipping great to think like a physicist (iopblog.org, 2016), http://www.iopblog.org/its-
flipping-great-to-think-like-a-physicist/

=  The water bottle flip (iop.org, 2016), http://www.iop.org/resources/topic/archive/water-bottle-
flip/page _68405.html

=  The complex physics of that viral water bottle trick, explained (vox.com, 2016),
https://www.vox.com/2016/5/26/11785562/water-bottle-flip-physics

=  This Week in Making: Lego Tape, A Bottle-Flipping Robot, Lab Grown Chicken Strips, and More
(makezine.com, 2017), https://makezine.com/2017/03/19/this-week-in-making-lego-tape-
bottle-flipping-robot-lab-grown-chicken-strips-and-more/

=  Senior Talent Show Water Bottle Flip AK 2016 (youtube, Arlington Johnson, May 24, 2016),
https://youtu.be/GdUVtEeq9l4

=  Epic Water Bottle Flip | How Ridiculous (youtube, How Ridiculous, Jun 30, 2016),
https://youtu.be/fbaB8sSe3YA

=  Water Bottle Flip Edition | Dude Perfect (youtube, Dude Perfect, Jul 18, 2016),
https://youtu.be/P8V_bx0L4RY

=  The Science of the Water Bottle Flip (youtube, West Foster, Sep 14, 2016),
https://youtu.be/H33XcSAGfPg

=  Water Bottle Flip Trick Shots 2 | That's Amazing (youtube, That's Amazing, Sep 20, 2016),
https://youtu.be/G9P2iUS20FE




Background reading

=  Water bottle-flip challenge (youtube, Institute of Physics, Oct 13, 2016),
https://youtu.be/9XOcUAY9qvw

=  THE WATER BOTTLE FLIP MACHINE (youtube, DaksDominos, Oct 26, 2016),
https://youtu.be/0tWUmIwCrCU

=  The Water Bottle Flip Machine! (youtube, berlagawesome, Nov 5, 2016), https://youtu.be/i-
qBV06bBQY

= Game Theory: CHEAT the Water Bottle Flip Challenge...with SCIENCE! (youtube, The Game
Theorists, Jan 17, 2017), https://youtu.be/amldFg-nG8U

=  This K'NEX machine perfected the bottle flip challenge (youtube, Tech Insider, Apr 7, 2017),
https://youtu.be/70CVIVXONXO

= 1YPT1295839948 (youtube, G_Kn, Sep 3, 2017), https://youtu.be/LQATZbGM]k8




Find all the differences you can!

IYPT 1989, Team Netherlands IYPT 2016, Team United Kingdom



\.JELL IN S(‘J-I(I)L
WHAT REALWORLD SKILLS
DO \CU HAVE?
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The ultimate response to all "What for?"-questions:

“1f we knew what we were doing,
it wouldn't be called research!

Albert Einstein




Important information

The basic goal of this Kit is not in providing students with a start-to-finish manual or in limiting their
creativity, but in encouraging them to

9 regard their work critically,

Q  look deeper,

Q2 have a better background knowledge,

2 be skeptical in embedding their projects into the standards of professional research,
Q9 and, as of a first priority, be attentive in not “re-inventing the wheel”

An early exposure to the culture of scientific citations, and developing a responsible attitude toward
making own work truly novel and original, is assumed to be a helpful learning experience in
developing necessary standards and attitudes

Good examples are known when the Kit has been used as a concise supporting material for jurors and
the external community; the benefits were in having the common knowledge structured and better
visible

Even if linked from iypt.org, this file is not an official, binding release of the IYPT, and should under no

circumstances be considered as a collection of authoritative “musts” or “instructions” for whatever
competition

Serious conclusions will be drawn, up to discontinuing the project in its current form, if systematic
misuse of the Kit is detected, such as explicit failure of citing properly, replacing own research with a
compilation, or interpreting the Kit itself as a binding “user guide”

All suggestions, feedback, and criticism about the Kit are warmly appreciated :-)



Habits and customs

= Originality and independence of your work is always considered as of a first priority
= There is no “correct answer” to any of the IYPT problems

= Having a deep background knowledge about earlier work is a must

= Taking ideas without citing is a serious misconduct

= Critically distinguishing between personal contribution and common knowledge is likely
to be appreciated

= Reading more in a non-native language may be very helpful

= Local libraries and institutions can always help in getting access to paid articles in
journals, books, and databases

= The IYPT is not about reinventing the wheel, or innovating, creating, discovering, and
being able to contrast own work with earlier knowledge and the achievements of
others?

= |s IYPT all about competing, or about developing professional personal standards?




Requirements for a successful [YPT report

Novel research, not a survey or a compilation of known facts
Balance between experimental investigation and theoretical analysis

Comprehensible, logical and interesting presentation, not a detailed description of
everything-you-have-performed-and-thought-about

Clear understanding of the validity of your experiments, and how exactly you analyzed
the obtained data

Clear understanding of what physical model is used, and why it is considered appropriate
Clear understanding of what your theory relies upon, and in what limits it may be applied
Comparison of your theory with your experiments

Clear conclusions and clear answers to the raised questions, especially those in the task
Clear understanding of what is your novel contribution, in comparison to previous studies
Solid knowledge of relevant physics

Proofread nice-looking slides

An unexpected trick, such as a demonstration in situ, will always be a plus



Feynman: to be self-confident?

= “I've very often made mistakes
In my physics by thinking the
theory isn’'t as good as it really
s, thinking that there are lots of
complications that are going to
spoil it

= — an attitude that anything can
happen, in spite of what you're
pretty sure should happen.”

R.P. Feynman. Surely You're Joking, Mr. Feynman (Norton, New York, NY, 1985)



International Young Naturalists’ Tournament

Pre-register a team!

ABOUT IYNT

Check the breathtaki blems!
About the IYNT ‘ eck the breathtaking problems Sha s

PROBLEMS 2018
IYHT REGULATIONS

PRE-REGISTRATIOH 2018

What is a Naturalist?

- 3 5 o -

Introduction

The IYMNT is an inclusive educational network and a prestigious international Inthelr Ireatise on Natural
competition, The IYNT is focused on student participants aged 12 through 16, the Phlissophi CLBET), Lokl et gnd
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First draft // November 19, 2017 @

Preparation to 31st [YPT" 2018:

references, questions and advices

Photos by Alexey Cheremisin used 1y Martchenko, 1 * Aleksandra Alori¢, 2
on the cover with kind permission o ]
tukasz Gtadczuk, 3 and Nikita Chernikov 4

! Foundation for Youth Tournaments; 2King'’s College London;
3University of Oxford; *Novosibirsk State University

July 13, 2017...November 19, 2017

* to whom correspondence should be addressed:
ilya.martchenko@iypt.org http://ilyam.org
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