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Welcome to the 7th I[IYNT 2019 in Minsk

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

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

" The IYNT has so far attracted 80 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 8157 grades
in 375 stages; and has awarded 48 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 and plan bringing together the Kit for 2020, 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

Q. 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
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In search for missing results

= Have you attended an IYPT marked in and preserved R | 86 T4e 2 4
Physics Fight results, e.g. by keeping printed rankings? e & : %
= Have you attended an IYPT marked in orange or  , and O 7% §

recorded grades from a Fight, e.g. by writing them down? &y @ fln? @ #9 .

Thank you for helping us locate
the missing results of past IYPTs

Green: each and every Juror’s grade has been preserved

Red: some Sums of Points (SP) are missing

1991 § 1992 F 1993 1996

2005 § 2006 § 2007 2009
2010 § 2011 g 2012 g 2013 § 2014 § 2015 § 2016 § 2017 g 2018




How to tackle the IYPT problems?

How to structure a report?
What level is competitive?

How to set the goals, fix the
priorities, and set the direction
of the work?

How were people resolving
particular issues in the past?

= Look through the historical solutions in the Archive

an opportunity for goal-oriented critical learning
examples, not guidelines
those solutions were good, but yours should be better!
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Problem No. 1 “Invent yourself”

Build a simple motor whose propulsion is based on corona discharge. Investigate how
the rotor's motion depends on relevant parameters and optimize your design for
maximum speed at a fixed input voltage.



Background reading

D. Ivanov and S. Nikolov. Electrostatics experiments with sharp metal points. Phys. Educ. 51,
065019 (2016)

M. K. Bologa, F. P. Grosu, V. D. Shkilev, I. V. Kozhevnikov, and A. A. Polikarpov. A corona-
discharge dipole engine. Surface Eng. App. Electrochem. 51, 4, 401-405 (2015)

M. Abdel-Salam, A. Ahmed, H. Ziedan, and F. Diab. Analysis of a corona-discharge based
electrostatic motor. Int. J. Plasma Environm. Sci. Tech. 8, 1, 72-81 (2014),
http://www.iesj.org/content/files/pdf/|JPEST Vol8 Nol 10 pp072-081.pdf

M. Abdel-Salam, A. Ahmed, H. Ziedan, and F. Diab. Analysis of corona discharge in electrostatic
motor gaps. ). Eng. Sci. 41, 5, 1842-1856 (2013),
http://www.aun.edu.eg/journal_files/144 ] 740.pdf

E. Moreau and. G. Touchard. Enhancing the mechanical efficiency of electric wind in corona
discharges. J. Electrostatics 66, 39-44 (2008)

S. Lee, D. Kim, M. D. Bryant, and F. F. Ling. A micro corona motor. Sensors and Actuators A
118, 226-232 (2005),
http://www.me.utexas.edu/~bryant/research/RecentPublications/LeeKimBryantLingSA.pdf

M. Hattori, K. Asano, and Y. Higashiyama. The fundamental characteristics of a cylindrical
corona motor with multi-blade electrodes. |. Electrostatics 27, 3, 223-235 (1992)

J. D. N. van Wyk and G. J. Kihn. A novel electrostatic machine: The Corona Motor. Nature 192,
4803, 649-650 (1961)

F. Diab. Analysis of electrostatic motors as influenced by corona discharge on stator periphery
(Master thesis, Assiut Univ., 2013)



Background reading

= How to make a simple corona motor (rimstar.org),
https://rimstar.org/science_electronics_projects/how_to_make _corona_motor simple_one_electr
ostatic_motor.htm

= Corona motors (or electrostatic/atmospheric motors) (rimstar.org),
https://rimstar.org/science_electronics_projects/corona_motor_electrostatic_atmospheric_motor
.htm

=  Benjamin Franklin's Electric Motor (ethw.org, 2015), https://ethw.org/Benjamin_Franklin
%?27s_Electric_Motor

= 5 Amazing Electrostatic Motors | Physical Experiments (youtube, Do It Yourself, Nov 28, 2017),
https://youtu.be/RsvnfzmVVr4

=  Spitzenentladung am elektrischen Segnerrad (youtube, Bernhard Himmer, Oct 1, 2017),
https://youtu.be/3WGeUJoQtHA

=  Electrostatic motor - Physics in experiments (youtube, GetAClass - ®n3nKa B onbiTax
skcnepumeHTax, Apr 21, 2016), https://youtu.be/af2AgTyDRyl

=  [anuneo. 9KcnepmnMeHT. InekTpuyeckun setep (youtube, GalileoRU, Feb 8, 2016),
https://youtu.be/1XgZ6EzRO00

= Electrostatic Motor (youtube, Ludic Science, Jun 12, 2015), https://youtu.be/WkmH2ECctzw
=  Clear Disk Electrostatic Motor (youtube, Lidmotor, May 24, 2015), https://youtu.be/Hfj50]ixt0A

=  An electrostatic pinwheel reaching amazing speeds (youtube, KantanLabs, Apr 4, 2015),
https://youtu.be/yU94HVCNbGA

= Corona and Arc Discharge (youtube, PHYSIERGE, Jan 4, 2015), https://youtu.be/2pLJ2ZX4By4




Background reading

= How to Make Corona Motor (v2) aka Electrostatic Motor/Atmospheric Motor (youtube,
RimstarOrg, Aug 8, 2014), https://youtu.be/QuEjXsX1F14

=  Pingpong ball electrostatic motor (youtube, Gianni Laschi, Apr 8, 2014),
https://youtu.be/fEQYa7tCujg

= How to Make a Corona Motor (v1/simple) or Electrostatic motor/Atmospheric motor (youtube,
RimstarOrg, Jan 10, 2014), https://youtu.be/ksp O 1WmvA

=  New Electrostatic Motor -- torque test (youtube, Lidmotor, Jan 6, 2014),
https://youtu.be/f8JguqFxpZ4

= Koneco ®paHkanHa (youtube, HNAY MUOW, Dec 10, 2012), https://youtu.be/XqTLp7RxcbE

=  Rotary Electrostatic Motor (youtube, Michael Melloch, Sep 6, 2012),
https://youtu.be/9THGyOzMXjo

=  electrostatic Corona motor (youtube, milan1759, Feb 11, 2007), https://youtu.be/4zKrph)mHnQ
= Wikipedia: Corona discharge, https://en.wikipedia.org/wiki/Corona_discharge
=  Wikipedia: Electrostatic motor, https://en.wikipedia.org/wiki/Electrostatic_motor




Problem No. 2 “Aerosol”

When water flows through a small aperture, an aerosol may be formed. Investigate the
parameters that determine whether an aerosol is formed rather than a jet for example.

What are the properties of the aerosol?



Background reading

P. Koumaras and G. Primerakis. Flawed applications of Bernoulli’s principle. Phys. Teach. 56, 4,
235-238 (2018)

F. Xiao, M. Dianat, and J. J. McGuirk. Large eddy simulation of liquid-jet primary breakup in air
crossflow. AIAA Journal 51, 12, 2878-2893 (2013)

A. Guha, R. M. Barron, and R. Balachandar. An experimental and numerical study of water jet
cleaning process. J. Mat. Proc. Tech. 211, 4, 610-618 (2011), arXiv:1009.0531 [physics.flu-dyn]
J. Eggers and E. Villermaux. Physics of liquid jets. Rep. Prog. Phys. 71, 036601 (2008),
https://www.irphe.fr/~fragmix/publis/EV2008.pdf

S. P. Lin and R. D. Reitz. Drop and spray formation from a liquid jet. Ann. Rev. Fluid Mech. 30,
1, 85-105 (1998)

D. T. Papageorgiou. On the breakup of viscous liquid threads. Phys. Fluids 7, 7, 1529-1544
(1995)

|. Colbeck Physical and chemical properties of aerosols (Blackie Acad. Prof. 1998)

Chris Woodford. Aerosol cans (explainthatstuff.com, 2018),
https://www.explainthatstuff.com/aerosolcans.html

L. A. Mahoney, J. Blanchard, P. A. Gauglitz, C. Song, M. L. Kimura, R. C. Daniel, G. N. Brown, B.
E. Wells, D. E. Kurath, D. Tran, W. C. Buchmiller, C. A. Burns, D. M. Smith. Small-scale spray
releases: Initial aerosol test results (Pacific Northwest National Laboratory, 2013),
https://www.pnnl.gov/rpp-wtp/documents/WTP-RPT-216 _rv1.pdf

H. A. Lefebvre and V. G. McDonell. Atomization and sprays (CRC press, 2017),
http://math.haifa.ac.il/ROVENSKI/spr2.pdf



Background reading

[. . Maxu, B. C. NanyctoB. OCHOBbI TEXHUKW pacrblIMBaHNA Xngkocten. — M.: Xumuns, 1984,
https://www.proektant.org/books/1984/1984 Paji D G_Galustov_V_S Osnovy_tehniki raspyliva
niya_jidkostei.pdf

IYPT 2019 Problem 2 Aerosol Demonstration (youtube, Canadian Young Physicists’
Tournament, Dec 14, 2018), https://youtu.be/MEhP5PnIZbo

How to Make Simple Air Paint Spray Gun - Homemade (youtube, Creative Life, Oct 15, 2017),
https://youtu.be/buLrAZBPETI

Aerosol modelling - 1 (Nicolas Bellouin) (youtube, Atmosphere Copernicus, Sep 20, 2013),
https://youtu.be/YOCWLDcaRAM

How to Make Your Own Aerosol Spray (youtube, WoodWorkers Guild Of America, Mar 7, 2011),
https://youtu.be/fRqgNa5vyPk

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

Wikipedia: Spray nozzle, https://en.wikipedia.org/wiki/Spray nozzle
Wikipedia: Capillary wave, https://en.wikipedia.org/wiki/Capillary wave
Wikipedia: Plateau-Rayleigh instability, https://en.wikipedia.org/wiki/Plateau-
Rayleigh_instability

Wikipedia: Deposition (aerosol physics),
https://en.wikipedia.org/wiki/Deposition_(aerosol_physics)




Problem No. 3 “Undertone sound”

Allow a tuning fork or another simple oscillator to vibrate against a sheet of paper with
a weak contact between them. The frequency of the resulting sound can have a lower
frequency than the tuning fork’s fundamental frequency. Investigate this phenomenon.




Background reading

J. J. Barroso, M. V. Carneiro and E. E. N. Macau. Bouncing ball problem: Stability of the periodic
modes. Phys. Rev. E 79, 026206 (2009)

F. Bosia, N. Pugno, and A. Carpinteri. Subharmonic generation in physical systems: An
interaction-box approach. Wave Motion 43, 8, 689-699 (2006),
http://www.ing.unitn.it/~pugno/NP_PDF/48-WMO06.pdf

T. D. Rossing, D. A. Russel, and D. E. Brown. On the acoustics of tuning forks. Am. J. Phys. 60,
7, 620-626 (1992)

P. J. Holmes. The dynamics of repeated impacts with a sinusoidally vibrating table. J. Sound
Vibration 84, 2, 173-189 (1982)

A. Prosperetti. Subharmonics and ultraharmonics in the forced oscillations of weakly nonlinear
systems. Am. J. Phys. 44, 6, 548-554 (1976)

E. Waetzmann and R. Kurtz. Untertdne. Ann. Phys. 423, 7, 661-680 (1938)

P. O. Pedersen. Subharmonics in forced oscillations in dissipative systems. Part Il. J. Acoust.
Soc. Am. 7, 1, 64-70 (1935)

H. Knapman. An experiment illustrating harmonic undertones. Proc. Royal Soc. London 74,
118-120 (1904-1905)

What happens if a tuning fork touches a paper? (quora.com), https://www.quora.com/What-
happens-if-a-tuning-fork-touches-a-paper

H. Sonnerlind. Finding Answers to the Tuning Fork Mystery with Simulation (comsol.edu, 2018),
https://www.comsol.com/blogs/finding-answers-to-the-tuning-fork-mystery-with-simulation/



Background reading

=  Bar Vibrational Modes (phy-astr.gsu.edu), http://hyperphysics.phy-
astr.gsu.edu/hbase/Music/barres.html

= |YPT 2019 Problem 3 Undertone Sound Demonstration (youtube, Canadian Young Physicists
Tournament, Oct 8, 2018), https://youtu.be/ BR8PW4d]kQ

=  The Tuning Fork Mystery: an unexpected update (youtube, standupmaths, Mar 27, 2018),
https://youtu.be/MdZ-vkfZS0I

= The Tuning Fork Mystery: unexpected vibrations (youtube, standupmaths, Mar 23, 2018),
https://youtu.be/NVUCF8mB1Wg

=  SUBHARMONIC Music (Anomalous Low Frequency Vibration) (youtube, Adam Neely, Sep 19,
2016), https://youtu.be/o4jgPdGrZYI

= Wikipedia: Tuning fork, https://en.wikipedia.org/wiki/Tuning_fork

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

= Wikipedia: Euler-Bernoulli beam theory, https://en.wikipedia.org/wiki/Euler
%E2%80%93Bernoulli_ beam_theory

=  Wikipedia: Fundamental frequency, https://en.wikipedia.org/wiki/Fundamental _frequency

’




Problem No. 4 “Funnel and ball”

A light ball (e.g. ping-pong ball) can be picked up with a funnel by blowing air through
it. Explain the phenomenon and investigate the relevant parameters.



Background reading

= K. Weltner. Aerodynamic lifting force. Phys. Teach. 28, 2, 78-82 (1990)

= K. Weltner. Bernoulli's law and aerodynamic lifting force. Phys. Teach. 28, 2, 84-86 (1990)

=  Ruben Meerman. Ping-Pong Pressure: An amazing demonstration of Bernoulli’s Principle kids
can repeat at home (ABC Science, 2004),
http://www.abc.net.au/science/surfingscientist/pdf/teachdemo_6.pdf

= A.-R. Cos and S. Bailey. The Funnel and the Ball (California State Univ. Northbridge, 2005),
http://www.csun.edu/scied/4-discrpeant-event/discrep_events/index.htm

=  Levitating a Ping-Pong ball in a funnel (nbkaye, teachingfluids.wordpress.com, Dec 4, 2013),
https://teachingfluids.wordpress.com/2013/12/04/levitating-a-ping-pong-ball-in-a-funnel/

= Bernoulli effect demonstration (practicalphysics.org, 2014),
http://practicalphysics.org/bernoulli-effect-demonstration.html

=  Experiments Related To Bernoulli’s Principle (spmphysics.onlinetuition.com.my, 2014),
http://spmphysics.onlinetuition.com.my/2013/06/experiments-related-to-bernoullis.html

= Anti-Gravity Ping Pong Ball Science Experiment (Beth Gorden, 123homeschool4me.com, 2016),
https://www.123homeschool4dme.com/anti-gravity-ping-pong-ball-science 9/

=  Superhuman Breath (thecrazyscientist.com), http://www.thecrazyscientist.com/looney-
lab/experiments-2/amazing-air/superhuman-breath-2/

= Vortices/Convection Extension Activity 1b (physicscentral.com, 2012),
http://physicscentral.com/experiment/physicsquest/upload/Turbulent-Times-Extension-
Activities.pdf




Background reading

= |YPT 2019 Problem 4 Funnel and Ball Demonstration (youtube, Canadian Young Physicists’
Tournament, Nov 11, 2018), https://youtu.be/jV657cE 4n4

=  Funnel & ping pong ball (youtube, Paul Rutherford, PhD, Feb 13, 2017),
https://youtu.be/K80xbb82sMQ

= Bernoulli's Principle: Ping-pong Ball and Funnel (youtube, Jayden Blake Ackermann, Nov 18,
2015), https://youtu.be/1TQL1ju3RoQ

=  Bernoulli principle.mpg (youtube, peter s p Lim, Dec 23, 2011), https://youtu.be/n7UO0HO5Kduw
= funnel.avi (youtube, van Beveren Eef, Dec 8, 2011), https://youtu.be/nsnMt8erxH8

= Physics Project "Bernoulli's Principle" Hi-Def (youtube, theintersect629, Jun 9, 2010),
https://youtu.be/wuAUJPUupfE

= Wikipedia: Bernoulli's principle, https://en.wikipedia.org/wiki/Bernoulli%?27s_principle
= Wikipedia: Coanda effect, https://en.wikipedia.org/wiki/Coand%C4%83 effect




Problem No. 5 “Filling up a bottle”

When a vertical water jet enters a bottle, sound may be produced, and, as the bottle is

filled up, the properties of the sound may change. Investigate how relevant
parameters of the system such as speed and dimensions of the jet, size and shape of

the bottle or water temperature affect the sound.



Background reading

C. Velasco, R. Jones, S. King, and C. Spence. The sound of temperature: What information do
pouring sounds convey concerning the temperature of a beverage. J. Sens. Studies 28, 5, 335-
345 (2013)

|. Lupea. Considerations on the Helmholtz resonator simulation and experiment. Proc.
Romanian Acad. A 13, 2, 118-124 (2012),
https://academiaromana.ro/sectii2002/proceedings/doc2012-2/05-Lupea.pdf

E. S. Webster and C. E. Davies. The use of HelImholtz resonance for measuring the volume of
liguids and solids. Sensors 10, 12, 10663-10672 (2010), https://www.mdpi.com/1424-
8220/10/12/10663/pdf

C. Zheng and D. L. James. Harmonic fluids. ACM Trans. Graphics 28, 3, 37 (2009)

A. Rona. The acoustic resonance of rectangular and cylindrical cavities. . Algorithms &
Comput. Tech. 1, 3, 329-356 (2007),
https://journals.sagepub.com/doi/pdf/10.1260/174830107782424110

G. Jundt, A. Radu, E. Fort, J. Duda, and H. Vacha. Vibrational modes of partly filled wine glasses.
J. Acoust. Soc. Am. 119, 6, 3793-3798 (2006),
https://newt.phys.unsw.edu.au/music/people/publications/Jundtetal2006.pdf

P. A. Cabe and J. B. Pittenger. Human sensitivity to acoustic information from vessel filling. J.
Exp. Psychol. Hum. Percept. Perform. 26, 1, 313-324 (2000)

D. E. Spiel. Acoustical measurements of air bubbles bursting at a water surface: Bursting
bubbles as Helmholtz resonators. J. Geophys. Res.: Oceans 97, C7, 11443-11452 (1992)



Background reading

H. C. Pumphrey and A. J. Walton. Experimental study of the sound emitted by water drops
impacting on a water surface. Eur. J. Phys. 9, 225-231 (1988)

G. J. Franz. Splashes as sources of sound in liquids. J. Acoust. Soc. Am. 31, 8, 1080-1096 (1959)

M. Minnaert. On musical air-bubbles and the sounds of running water. Phil. Mag. Ser. 7, 16,
104, 235-248 (1933)

K. W. Frizell and R. E. A. Arndt. Noise generation of air bubbles in water: An experimental study
of creation and splitting (US Dptm Navy, 1987),
https://conservancy.umn.edu/bitstream/handle/11299/114029/1/pr269.pdf

Why the sound of filling water into a bottle rise in its frequency? (physics.stackexchange.com,
2017), https://physics.stackexchange.com/questions/357512/why-the-sound-of-filling-water-
into-a-bottle-rise-in-its-frequency

When we fill a vessel with water, why does the sound of the pouring change as the level
increases? (quora.com, 2017), https://www.quora.com/When-we-fill-a-vessel-with-water-why-
does-the-sound-of-the-pouring-change-as-the-level-increases

Why does the sound of water change as a bucket is filling from empty to full? (quora.com,
2015), https://www.quora.com/Why-does-the-sound-of-water-change-as-a-bucket-is-filling-
from-empty-to-full

K. van den Doel. Physically based models for liquid sounds. Proc. ICAD 04-Tenth Meeting of the
Intl Conf. on Auditory Display (2004),
https://smartech.gatech.edu/bitstream/handle/1853/50904/vandenDoel2004.pdf




Background reading

= |YPT 2019 Problem 5 Filling Up a Bottle Demonstration (youtube, Canadian Young Physicists’
Tournament, Oct 13, 2018), https://youtu.be/51 cvSbz2|4

= You Can Hear The Difference Between Hot and Cold Water (youtube, Tom Scott, Mar 6, 2017),
https://youtu.be/Ri_4dDvcZeM

=  Pouring water into a glass stereo sound effect HQ 96kHz (youtube, Picture to sound, Dec 29,
2016), https://youtu.be/ayNzHOuygFw

=  Filling a container with water: Listen! (youtube, Jeff Regester, May 19, 2010),
https://youtu.be/83HLFKfof58

=  Wikipedia: Helmholtz resonance, https://en.wikipedia.org/wiki/Helmholtz resonance
=  Wikipedia: Minnaert resonance, https://en.wikipedia.org/wiki/Minnaert resonance
=  Wikipedia: Acoustic resonance, https://en.wikipedia.org/wiki/Acoustic_resonance




Problem No. 6 “Hurricane balls”

Two steel balls that are joined together can be spun at incredibly high frequency by
first spinning them by hand and then blowing on them through a tube, e.g. a drinking

straw. Explain and investigate this phenomenon.




Background reading

R. Cross. Why does a spinning egg rise? Eur. J. Phys. 39, 2, 025002 (2018)

W. L. Andersen. Corrigendum: The dynamics of hurricane balls (2015 Eur. J. Phys. 36 055013)
Eur. J. Phys. 37, 2, 029501 (2016)

W. L. Andersen and S. Werner. The dynamics of hurricane balls. Eur. J. Phys. 36, 5, 055013
(2015)

D. P. Jackson, D. Mertens, and B. J. Pearson. Erratum: “Hurricane Balls: A rigid-body-motion
project for undergraduates” [Am. J. Phys. 83 (11), 959-968 (2015)]. Am. J. Phys. 84, 2, 148-149
(2016)

D. P. Jackson, D. Mertens, and B. J. Pearson. Hurricane Balls: A rigid-body-motion project for
undergraduates. Am. J. Phys. 83, 11, 959-968 (2015)

R. Cross. The rise and fall of spinning tops. Am. J. Phys. 81, 4, 280-289 (2013)

William Gurstelle. Build Your Own Spinning Hurricane Balls (makezine.com, 2015),
https://makezine.com/projects/remaking-history-louis-poinsot-and-the-dancing-spheres/
Hurricane Balls Redux, the Solder Method, Feat. Science With Bez. (Dr Qui, instructables.com),
https://www.instructables.com/id/Hurricane-Balls-Redux-The-Solder-method-with-add/
Hurricane balls (oberlin.edu),
http://www?2.oberlin.edu/physics/catalog/demonstrations/mech/hurricaneballs.html

I[YPT 2019 Problem 6 Hurricane Balls Demonstration (youtube, Canadian Young Physicists’
Tournament, Sep 8, 2018), https://youtu.be/rTfNdoeqzx0

MEGA 4 Inch Hurricane Balls - aka Tornado Spheres (Not a Fidget Spinner) (youtube, Make
Build Modify, Jun 19, 2017), https://youtu.be/mOxRRwE3aRU



Background reading

= Hurricane Balls in Slow Motion (youtube, dprljackson, Feb 26, 2017),
https://youtu.be/QhpZ1M67vng

= Now they can fly: Hurricane Balls (youtube, Latheman's crazy machines, May 7, 2016),
https://youtu.be/cgPekwKK7|M

= Hurricane Balls in 4K | Shanks FX | PBS Digital Studios (youtube, Shanks FX, Mar 28, 2016),
https://youtu.be/JRou-30h7h0

=  Remaking History: Dancing Spheres (youtube, Make:, Apr 28, 2015),
https://youtu.be/c9aNkLogNoE

= How To Make Hurricane Balls (youtube, Peter Brown, Dec 31, 2014),
https://youtu.be/rFZrwMPNVvk

=  Haz tus propias Bolas Hurricane / Coenan wapsbl yparaH csonmm pykamu/Hurricane Balls
(youtube, Delcopond, May 26, 2014), https://youtu.be/CfaZyEmzIhE

=  Hurricane Balls Slow Motion (youtube, anythatarent2, Feb 27, 2011),
https://youtu.be/0)58SNJWDt4

= Hurricane Balls (youtube, Grand lllusions, Jun 17, 2010), https://youtu.be/cvg8laPb498
= Wikipedia: Rolling resistance, https://en.wikipedia.org/wiki/Rolling_resistance
=  Wikipedia: Drag (physics), https://en.wikipedia.org/wiki/Drag_(physics)




Problem No. 7 “Loud voices”

A simple cone-shaped or horn-shaped object can be used to optimise the transfer of
the human voice to a remote listener. Investigate how the resulting acoustic output
depends on relevant parameters such as the shape, size, and material of the cone.




Background reading

= C.J. Vitorino, N. Barbieri, K. F. de Lima, and R. Barbieri. Numerical and experimental study of
acoustic horn. J. Acoust. Soc. Am. 138, 3, 1769-1769 (2015)

= V. Salmon. Generalized plane wave horn theory. J. Acoust. Soc. Am. 17, 3, 199-211 (1946)

= S, W. Rienstra and A. Hirschberg. An introduction to acoustics (Eindhoven Univ. Tech. 2018),
https://www.win.tue.nl/~sjoerdr/papers/boek.pdf

=  B. Kolbrek. Horn Theory: An introduction, Part 1. Audio Express (2008),
https://www.rdacoustic.cz/wp-content/uploads/an-introduction-to-horn-theory.pdf,
https://www.grc.com/acoustics/an-introduction-to-horn-theory.pdf

= B. Kolbrek. Horn Theory: An introduction, Part 2. Audio Express (2008),
http://www.audioxpress.com/assets/upload/files/kolbrek2885.pdf

= ].-M. Le Cléac’h. Acoustical horns and waveguides (rintelen.ch, 2010),
http://www.rintelen.ch/download/JMMLC_horns_lecture_etf10.pdf

= ]. Kipp. Acoustical impedances: Calculations and measurements on a trumpet (RWTH Aachen
University, 2015), https://www.institut3b.physik.rwth-aachen.de/global/show_document.asp?
id=aaaaaaaaaaoqkul

= R.Jorge. Nonlinear acoustics -- Perturbation theory and Webster's equation (2013),
arXiv:1311.4238 [physics.flu-dyn]

= N. H. Crowhurst. Horn Shapes (vias.org, 2010),
http://www.vias.org/crowhurstba/crowhurst_basic_audio _voll 049.html

= Acoustic impedance, intensity and power (physics.unsw.edu.au),
http://www.animations.physics.unsw.edu.au/jw/sound-impedance-intensity.htm




Background reading

= Acoustic compliance, inertance and impedance (physics.unsw.edu.au),
http://www.animations.physics.unsw.edu.au/jw/compliance-inertance-impedance.htm

=  How does a megaphone amplify sound? (quora.com, 2016), https://www.quora.com/How-does-
a-megaphone-amplify-sound

= How do megaphones work? (physics.stackexchange.com),
https://physics.stackexchange.com/questions/178023/how-do-megaphones-work

=  D. Rudolph. The development of the loudspeaker (radiomuseum.org, 2013),
https://www.radiomuseum.org/forumdata/users/133/PDF/Speaker.pdf

= ELI5: How does a horn amplify sound without adding any energy to it? (u/Nizidramaniiyt,
reddit.com, 2012), https://www.reddit.com/r/explainlikeimfive/
comments/las2b/eli5_how does a horn_amplify_sound_without adding/

= |YPT 2019 Problem 7 Loud Voices Demonstration (youtube, Canadian Young Physicists’
Tournament, Nov 18, 2018), https://youtu.be/0_-m _c7r7no

= How do horn loaded speakers work and sound? (youtube, PS Audio, Mar 3, 2018),
https://youtu.be/EfFsDcZxRr4

= Pynop. MNo4yemy rpomko? MpuHumn paboTel pynopos (youtube, ensemb, Aug 9, 2017),
https://youtu.be/FhvZZeSwrVU

= How a horn amplifies sound (hint: Impedance matching) (youtube, Applied Science, Jan 11,
2015), https://youtu.be/vcScletnVak

= Working of a megaphone | Sound | Physics (youtube, KClassScienceChannel, Jan 20, 2014),
https://youtu.be/Ptp-a6MfBYk




Background reading

=  Testing the theory - you DO need an exponential Horn ! (youtube, EMGColonel, May 8, 2013),
https://youtu.be/TVdrjm1BVPO

= Wikipedia: Horn (acoustic), https://en.wikipedia.org/wiki/Horn_(acoustic)
= Wikipedia: Horn loudspeaker, https://en.wikipedia.org/wiki/Horn_loudspeaker
=  Wikipedia: Megaphone, https://en.wikipedia.org/wiki/Megaphone




Problem No. 8 “Sci-Fi sound”

Tapping a helical spring can make a sound like a “laser shot” in a science-fiction
movie. Investigate and explain this phenomenon.




Background reading

C. Rutherford. A fresh look at longitudinal standing waves on a spring. Phys. Teach. 51, 1, 22-
24 (2013)

H. Gamper, J. Parker, and V. Valimaki. Automated calibration of a parametric spring reverb
model. Proc. 14th Intl Conf. Digital Audio Effects (2011), pp. 37-44

S. Bilbao and J. Parker. Perceptual and numerical aspects of spring reverberation modeling.
Proc. 20th Intl Symp. Music Acoustics (25-31 Aug 2010, Sydney and Katoomba)

J. Parker, H. Penttinen, S. Bilbao, and J. S. Abel. Modeling methods for the highly dispersive
slinky spring: A novel musical toy. Proc. 13th Intl Conf. Digital Audio Effects (Graz, Sept 6-10,
2010), http://dafx10.iem.at/papers/ParkerPenttinenBilbacAbel DAFx10 P80.pdf

H. . )KoaHosa, W. A. Ceprayes, A. C. Ceprees, P. ®©. CtptoHruc, A. I. Matakos. N3y4vyeHne
LNCMEPCUOHHBIX CBONCTB N3rMBHbIX BOJIH B NMPYXuHe // dusmnyeckoe obpasoBaHue B By3ax 12,
2,109-117 (20006)

J. Lee and D. J. Thompson. Dynamic stiffness formulation, free vibration and wave motion of
helical springs. J. Sound Vibration 239, 2, 297-320 (2001)

F. S. Crawford. Pulse compression: Dechirping of time-reversed slinky whistlers. Am. J. Phys.
59, 11, 1050 (1991)

F. S. Crawford. Slinky-whistler dispersion relation from "“scaling". Am. J. Phys. 58, 10, 916-917
(1990)

F. S. Crawford. Erratum: "Slinky whistlers" [Am. J. Phys. 55, 130 (1987)]. Am. J. Phys. 55, 10,
952 (1987)

F. S. Crawford. Slinky whistlers. Am. J. Phys. 55, 2, 130-134 (1987),
http://www.wright.edu/~guy.vandegrift/wikifiles/ajp%20slinky%20whistlers%20crawford.pdf



Background reading

IYPT 2019 Problem 8 Sci-Fi Sound Demonstration (youtube, Canadian Young Physicists’
Tournament, Jan 6, 2019), https://youtu.be/29sY-5MNvIQ

Disefio del sonido del disparo laser de Star Wars (Laser Blaster Sound) (youtube, Martin
Monteiro, May 25, 2017), https://youtu.be/D1ogBXiZJsO

How to create laser sounds with a slinky spring (youtube, Lasec Education, Oct 26, 2016),
https://youtu.be/CpZkNWBmMKNM

How To - Make Laser Sound Effects (youtube, PoundSound, Jul 6, 2015),
https://youtu.be/XACHZbgcH5M

How To Make Epic Laser Space Battle Sound Effects With A Slinky Spring (youtube,
wonderstruckwow, Jan 30, 2016), https://youtu.be/g2Sa0dRmHgA

SCI FI VIBRATIONS: How to make sound effects using a slinky cup (youtube, Questacon, May
12, 2015), https://youtu.be/TMaNZMFPRfU

Star Wars Science - Blaster Sound Effect (youtube, PlanetScienceUK, Nov 7, 2012),
https://youtu.be/rajPbk3Cjrd

Audio Project 365 - Day 30: Laser Sound Effects with Slinky and Bottomed Out Water Bottle
(youtube, George Kandalaft, Feb 3, 2010), https://youtu.be/SVAd6zxjiow

Slinkies and Star Wars Sound Effects (youtube, Adam Micolich, Apr 15, 2009),
https://youtu.be/aqtgiuSMjgM

Wikipedia: Acoustic dispersion, https://en.wikipedia.org/wiki/Acoustic_dispersion
Wikipedia: Slinky, https://en.wikipedia.org/wiki/Slinky



Problem No. 9 “Soy sauce optics”

Using a laser beam passing through a thin layer (about 200 um) of soy sauce the
thermal lens effect can be observed. Investigate this phenomenon.



Background reading

R. d. F. Turchiello, L. A. A. Pereira, and S. L. Gdmez. Low-cost nonlinear optics experiment for
undergraduate instructional laboratory and lecture demonstration. Am. J. Phys. 85, 7, 522-528
(2017)

K. Dobek, M. Baranowski, J. Karolczak, D. Komar, K. Kreczmer, and J. Szuniewicz. Thermal lens
in a liquid sample with focal length controllable by bulk temperature. Appl. Phys. B 122, 151
(2016)

F. Tanaka, K. Morita, P. Mallikarjunan, Y.-C. Hung, and G. O. I. Ezeike. Analysis of dielectric
properties of soy sauce. J. Food Engin. 71, 1, 92-97 (2005)

M. S. Baptista. Métodos analiticos ultrasensiveis: lente térmica e técnicas correlatas. Quim.
Nova 22, 4, 565-573 (1999), http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-
40421999000400015

R. D. Snook and R. D. Lowe. Thermal lens spectrometry. A review. Analyst 120, 8, 2051-2068
(1995)

S. J. Sheldon, L. V. Knight, and J. M. Thorne. Laser-induced thermal lens effect: a new
theoretical model. App. Optics 21, 9, 1663-1669 (1982),
https://pdfs.semanticscholar.org/ac26/ad507bc2432a136433a53e7340bf872e74f42 .pdf

J. P. Gordon, R. C. C. Leite, R. S. Moore, S. P. S. Porto, and J. R. Whinnery. Long-transient effects
in lasers with inserted liquid samples. J. Appl. Phys. 36, 1, 3-8 (1965)

J. P. Gordon, R. C. C. Leite, R. S. Moore, S. P. S. Porto, and J. R. Whinnery. Bull. Am. Phys. Soc.
Ser. I, 9, 501 (1964)



Background reading

=  Thermal Lens Spectroscopy (photonics.cusat.edu),
http://photonics.cusat.edu/Research_Thermal%?20lens.html

=  Thermal Lensing (rp-photonics.com), https://www.rp-photonics.com/thermal_lensing.html

=  Temperature Coefficient of the Refractive Index (schott.com, 2016),
https://www.schott.com/d/advanced_optics/3794eded-edd2-461d-aec5-
0ald2dc9c523/1.0/schott tie-19 temperature_coefficient_of refractive_index_eng.pdf

= IYPT 2019 Problem 9 Soy Sauce Optics Demonstration (youtube, Canadian Young Physicists’
Tournament, Dec 24, 2018), https://youtu.be/-sOShMHNKFM

= Laser thermal lensing (youtube, riff42, Oct 12, 2016), https://youtu.be/WyrTrRpT-Eg

=  Boiling Soy Sauce with 445nm Laser (youtube, Scumbag Atheist, May 14, 2013),
https://youtu.be/I566ao0n69yw

= Thermal Lens (youtube, CREOLatUCF, Nov 29, 2012), https://youtu.be/S9TIk65v3EQ
=  Wikipedia: Nonlinear optics, https://en.wikipedia.org/wiki/Nonlinear optics
=  Wikipedia: Thermal blooming, https://en.wikipedia.org/wiki/Thermal blooming




Problem No. 10 “Suspended water wheel”

Carefully place a light object, such as a Styrofoam disk, near the edge of a water jet
aiming upwards. Under certain conditions, the object will start to spin while being
suspended. Investigate this phenomenon and its stability to external perturbations.




Background reading

M. Ahmed and M. S. Youssef. Characteristics of mean droplet size produced by spinning disk
atomizers. J. Fluids Engin. 134, 7, 071103 (2012)

T. Lépez-Arias, L. M. Gratton, S. Bon, and S. Oss. "Back of the Spoon" outlook of Coanda effect.
Phys. Teach. 47, 8, 508-512 (2009)

A. Triboix and D. Marchal. Stability analysis of the mechanism of jet attachment to walls. Int. J.
Heat Mass Transfer, 45, 2769-2775 (2002)

A. M. Frank. Discrete modelling of a liquid jet suspending a ball. Russian J. Num. Analys. Math.
Modelling 15, 2, 145-162 (2000)

E. H. Brandt. Levitation in physics. Science 243, 4889, 349-355 (1989)

B. Fornberg. Steady viscous flow past a sphere at high Reynolds numbers. J. Fluid Mech. 190,

471-489 (1988)
A. R. Frost. Rotary atomization in the ligament formation mode. J. Agricult. Engin. Res. 26, 1,

63-78 (1981)

Andrew Liszewski. What Sorcery Keeps This Giant Ball Floating on a Tiny Stream of Water?
(gizmodo.com, 2017), https://gizmodo.com/what-sorcery-keeps-this-giant-ball-floating-on-a-
tiny-s-1796416838

Andrew Liszewski. The Physics of How a Water Jet Can Keep a Ball Floating in Mid-Air
(gizmodo.com, 2013), https://gizmodo.com/the-physics-of-how-a-water-jet-can-keep-a-ball-
floating-1445828275



Background reading

=  Can you explain Veritasium's Hydrodynamic levitation or Fluid Juggling ? (VL Srinivas,
researchgate.net, 2018), https://www.researchgate.net/post/
Can_you_explain_Veritasiums_Hydrodynamic_levitation_or Fluid_Juggling

= Hydrodynamic Levitation (forums.xkcd.com, 2017), http://forums.xkcd.com/viewtopic.php?
t=123045

= Any solutions to Veritasium's hydrodynamic levitation? (physics.stackexchange.com),
https://physics.stackexchange.com/questions/356284/any-solutions-to-veritasiums-
hydrodynamic-levitation

= D. McLean. Understanding Aerodynamics: Arguing from the Real Physics (John Wiley & Sons,
2012), https://books.google.com/books?id=UE3sxu28R0OwC

= |YPT 2019 Problem 10 Suspended Water Wheel Demonstration (youtube, Canadian Young
Physicists’ Tournament, Sep 30, 2018), https://youtu.be/AtK5-2aDNBw

= |YPT2019 Suspended Water Wheel - Funnel and Ball tenil&nd (youtube, dekphysics, Sep 22,
2018), https://youtu.be/UQoroYOWzzw

= Hydrodynamic Levitation Spin Demonstration (youtube, ClassyMelon, Jul 11, 2018),
https://youtu.be/ jYoQu3Pvlk

= Hydrodynamic levitation. Coanda effect (youtube, Jleonng Cepnos, Jul 3, 2017),
https://youtu.be/7IGm3MrjDX0

= In response to: Hydrodynamic Levitation! by Veritasium (youtube, ignacio carrasco, Jun 26,
2017), https://youtu.be/WZ1nvvMfdYc




Background reading

= Hydrodynamic Levitation! (youtube, Veritasium, Jun 26, 2017), https://youtu.be/mNHp8iyyljo

=  Ping Pong Fountain Ball Explained. (youtube, CuriosityShow, Oct 15, 2015),
https://youtu.be/ST6hDIUBS)Q

= 240fps Slow Motion: Ball Suspended in Jet of Water (youtube, GUPTist, Aug 11, 2015),
https://youtu.be/WZrQy7zKM4Y

=  Bernoulli and Coada effects- ball suspended in water (youtube, Sarah Smith, Mar 15, 2015),
https://youtu.be/IHjFx2Ip_kw

=  Ping Pong Ball Suspended on thin water jet (youtube, thesparian, Dec 14, 2014),
https://youtu.be/gXfSUqiWQZ4

= Fluid Juggling (youtube, Physics Central, Oct 15, 2013), https://youtu.be/p9 aUQDGDbU

= @pucbu n doHTaH (youtube, weakrussia, Apr 16, 2013), https://youtu.be/SJXIEa-ynyQ

= suspended pingpong ball, Bernoulli's Principle (youtube, iflamenko, Oct 18, 2006),
https://youtu.be/fgHvC55AKig

= Wikipedia: Bernoulli's principle, https://en.wikipedia.org/wiki/Bernoulli%27s principle

=  Wikipedia: Coanda effect, https://en.wikipedia.org/wiki/Coand%C4%83 effect

=  Wikipedia: Kelvin-Helmholtz instability, https://en.wikipedia.org/wiki/Kelvin
%E2%80%93Helmholtz_instability

=  Wikipedia: Rayleigh-Taylor instability, https://en.wikipedia.org/wiki/Rayleigh
%E2%80%93Taylor_instability




Problem No. 11 “Flat self-assembly”

Put a number of identical hard regular-shaped particles in a flat layer on top of a
vibrating plate. Depending on the number of particles per unit area, they may or may
not form an ordered crystal-like structure. Investigate the phenomenon.




Background reading

J. A. Anderson, J. Antonaglia, J. A. Millan, M. Engel, and S. C. Glotzer. Shape and symmetry
determine two-dimensional melting transitions of hard regular polygons. Phys. Rev. X 7,
021001 (2017), arXiv:1606.00687 [cond-mat.soft]

A. L. Thorneywork, J. L. Abbott, D. G. A. L. Aarts, and R. P. A. Dullens. Two-dimensional melting
of colloidal hard spheres. Phys. Rev. Lett. 118, 158001 (2017)

C. R. K. Windows-Yule. Do granular systems obey statistical mechanics? A review of recent
work assessing the applicability of equilibrium theory to vibrationally excited granular media.
Intl J. Modern Phys. B 31, 10, 1742010 (2017)

T. Trittel, K. Harth, and R. Stannarius. Mechanical excitation of rodlike particles by a vibrating
plate. Phys. Rev. E 95, 6, 062904 (2017)

L. Walsh and N. Menon. Ordering and dynamics of vibrated hard squares. J. Stat. Mech.: Theory
and Experiment 8, 083302 (2016), arXiv:1510.00656 [cond-mat.soft]

X.Sun, Y. Li, Y. Ma & Z. Zhang. Direct observation of melting in a two-dimensional driven
granular system. Sci. Reports 6, 24056 (2016)

S. C. Kapfer and W. Krauth. 2D melting: From liquid-hexatic coexistence to continuous
transitions. Phys. Rev. Lett. 114, 035702 (2015), arXiv:1406.7224 [cond-mat.stat-mech]

J. A. Millan, D. Ortiz, G. van Anders, and S. C. Glotzer. Self-assembly of archimedean tilings with
enthalpically and entropically patchy polygons. ACS Nano 8, 3, 2918-2928 (2014)

M. Saadatmand. A study on vibration-induced particle motion under microgravity (PhD thesis,
Univ. Toronto, 2012), https://tspace.library.utoronto.ca/
bitstream/1807/32879/1/Saadatmand_Mehrrad 201206 _PhD_thesis.pdf



Background reading

X. C. Jiang, Q. H. Zeng, C. Y. Chen, and A. B. Yu. Self-assembly of particles: some thoughts and
comments. J. Mater. Chem. 21, 42, 16797-16805 (2011)

L. J. Daniels, Y. Park, T. C. Lubensky, and D. J. Durian. Dynamics of gas-fluidized granular rods.
Phys. Rev. E 79, 041301 (2009), arXiv:0811.2751 [cond-mat.soft]

C. A. Kruelle. Physics of granular matter: pattern formation and applications. Rev. Adv. Mater.
Sci. 20, 113-124 (2009), http://www.ipme.ru/e-journals/RAMS/no_22009/kruelle.pdf

X.Z. An, R. Y. Yang, R. P. Zou, and A. B. Yu. Effect of vibration condition and inter-particle
frictions on the packing of uniform spheres. Powder Techn. 188, 2, 102-109 (2008)

M. Ramaioli, L. Pournin, and T. M. Liebling. Vertical ordering of rods under vertical vibration.
Phys. Rev. E 76, 021304 (2007), https://lipn.univ-
paris13.fr/~pournin/RamaioliPourninLieblingPRE76.pdf

V. Narayan, N. Menon, and S. Ramaswamy. Nonequilibrium steady states in a vibrated-rod
monolayer: tetratic, nematic, and smectic correlations. J. Stat. Mech.: Theory and Experiment
P01005 (2006), arXivicond-mat/0510082 [cond-mat.soft]

P. M. Reis, R. A. Ingale, M. D. Shattuck. Crystallization of a quasi-two-dimensional granular
fluid. Phys. Rev. Lett. 96, 258001 (2006), arXiv:cond-mat/0603408 [cond-mat.soft]

J. Galanis, D. Harries, D. L. Sackett, W. Losert, and R. Nossal. Spontaneous patterning of
confined granular rods. Phys. Rev. Lett. 96, 028002 (2006), arXiv:cond-mat/0508202 [cond-
mat.soft]

A.B. Yu, X. Z. An, R. P. Zou, R. Y. Yang, and K. Kendall. Self-assembly of particles for densest
packing by mechanical vibration. Phys. Rev. Lett. 97, 265501 (2006)



Background reading

M. P. Ciamarra, A. Coniglio, and M. Nicodemi. Thermodynamics and statistical mechanics of
dense granular media. Phys. Rev. Lett. 97, 158001 (2006)

G. Delaney, D. Weaire, S. Hutzler, and S. Murphy. Random packing of elliptical disks. Phil. Mag.
Lett. 85, 2, 89-96 (2005)

E. Falcon, S. Fauve, and C. Laroche. Experimental study of a granular gas fluidized by
vibrations. In: Lecture Notes in Physics (Eds S. Luding and T. Poschel, Granular Gases,
Springer, 2000), p.p. 182-191, arXiv:cond-mat/0009172 [cond-mat.stat-mech]

S. Torquato, T. M. Truskett, and P. G. Debenedetti. Is random close packing of spheres well
defined? Phys. Rev. Lett. 84, 2064 (2000)

J. S. Olafsen and J. S. Urbach. Clustering, order, and collapse in a driven granular monolayer.
Phys. Rev. Lett. 81, 4369 (1998), arXiv:cond-mat/9807148 [cond-mat.soft]

O. Pouliquen, M. Nicolas, and P. D. Weidman. Crystallization of non-Brownian spheres under
horizontal shaking. Phys. Rev. Lett. 79, 3640 (1997)

F. Melo, P. B. Umbanhowar, and H. L. Swinney. Hexagons, kinks, and disorder in oscillated
granular layers. Phys. Rev. Lett. 75, 3838 (1995),
http://www.uvm.edu/pdodds/files/papers/others/1995/melo1995a.pdf

J. M. Kosterlitz and D. J. Thouless. Ordering, metastability and phase transitions in two-
dimensional systems. J. Phys. C: Solid State Physics 6, 7, 1181-1203 (1973)

J. D. Bernal and J. Mason. Packing of spheres: co-ordination of randomly packed spheres.
Nature 188, 910-911 (1960)



Background reading

=  Self-Ordering Particles (IYPT 2019 Problem 11 Flat Self-Assembly) (youtube, Canadian Young
Physicists’ Tournament, Dec 2, 2018), https://youtu.be/MkZvMI0Izv4

= Hexagonal particle self-assembly (youtube, iyptchile, Feb 26, 2016),
https://youtu.be/2CX0hxrdaME

= Square particle self-assembly (youtube, iyptchile, Feb 26, 2016), https://youtu.be/sOfz6DeM6qs

= Triagonal particle self-assembly (youtube, iyptchile, Feb 26, 2016),
https://youtu.be/4wcqb6hVao0A

= Wikipedia: Self-assembly, https://en.wikipedia.org/wiki/Self-assembly
= Wikipedia: Packing problems, https://en.wikipedia.org/wiki/Packing problems

=  Wikipedia: Kosterlitz-Thouless transition, https://en.wikipedia.org/wiki/Kosterlitz
%E2%80%93Thouless_transition

=  Wikipedia: Circle packing, https://en.wikipedia.org/wiki/Circle_packing
= Wikipedia: Coordination number, https://en.wikipedia.org/wiki/Coordination_number

=  Wikipedia: Radial distribution function,
https://en.wikipedia.org/wiki/Radial_distribution_function

=  Wikipedia: Kepler conjecture, https://en.wikipedia.org/wiki/Kepler_conjecture




Problem No. 12 “Gyroscope teslameter”

A spinning gyroscope made from a conducting, but nonferromagnetic material slows
down when placed in a magnetic field. Investigate how the deceleration depends on

relevant parameters.




Background reading

C. Elbuken, M. B. Khamesee, and M. Yavuz. Eddy current damping for magnetic levitation:
downscaling from macro- to micro-levitation. J. Phys. D: Appl. Phys. 39, 3932-3938 (2006)

Y. Levin, S. L. Da Silveira, and F. B. Rizzato. Electromagnetic braking: A simple quantitative
model. Am. J. Phys. 74, 9, 815-817 (2006), http://www.if.ufrgs.br/~levin/Pdfs.dir/AJPO00815.pdf
E. E. Kriezis, T. D. Tsiboukis, S. M. Panas, and J. A. Tegopoulos. Eddy currents: theory and
applications. Proc. IEEE, 80, 10, 1559-1589 (1992)

M. A. Heald. Magnetic braking: Improved theory. Am. J. Phys. 56, 6, 521-522 (1988)

H. D. Wiederick, N. Gauthier, D. A. Campbell, and P. Rochan. Magnetic braking: Simple theory
and experiment. Am. J. Phys. 55, 6, 500-503 (1987),
https://www.physics.byu.edu/faculty/berrondo/sud442/eddy%20currents.pdf

A. A. Rodriguez and A. Valli. Eddy Current Approximation of Maxwell Equations: Theory,
Algorithms and Applications (Springer, 2010), http://books.google.com/books?
id=qcq2bubYY4sC

G. Birnbaum and G. Free. Eddy-Current Characterization of Materials and Structures: A
symposium (Am. Soc. for Testing and Materials, 1981), http://books.google.com/books?
id=Xm7QUkm_E9QC

J. M. B. Kroot. Analysis of Eddy Currents in a Gradient Coil (Technische Universiteit Eindhoven,
2005), http://alexandria.tue.nl/extra2/200511789.pdf

How to Make a Gyroscope Teslameter (IYPT 2019 Problem 12 Demonstration) (youtube,
Canadian Young Physicists’ Tournament, Jan 1, 2019), https://youtu.be/gzs9erh xq4



Background reading

= Must-See Video! *SECRETS OF MAGNETISM* Never Seen Before* Torus-Hyperboloid (youtube,
Theoria Apophasis, Jan 11, 2016), https://youtu.be/whoylwf-i0A

= VIDEO 111 UNCOVERING SECRETS OF MAGNETISM. Magnet / Gyroscope MYSTERY! Solve this
unseen video (youtbe, Theoria Apophasis, Jan 30, 2015), https://youtu.be/1ZeClejT2NY

=  Eddy Current Brake (youtube, ibphysicshelp, Oct 22, 2011), https://youtu.be/SKOEdikjC24
= Magnet Gyroscop (youtube, gilbondfac, Jun 13, 2007), https://youtu.be/9Eiz6ownsR0

=  Wikipedia: Eddy current testing, http://en.wikipedia.org/wiki/Eddy-current_testing

=  Wikipedia: Eddy current brake, https://en.wikipedia.org/wiki/Eddy current brake

=  Wikipedia: Eddy current, https://en.wikipedia.org/wiki/Eddy current

= Wikipedia: Angular momentum, https://en.wikipedia.org/wiki/Angular momentum




Problem No. 13 “Moiré thread counter”

When a pattern of closely spaced non-intersecting lines (with transparent gaps in
between) is overlaid on a piece of woven fabric, characteristic moiré fringes may be
observed. Design an overlay that allows you to measure the thread count of the fabric.
Determine the accuracy for simple fabrics (e.g. linen) and investigate if the method is
reliable for more complex fabrics (e.g. denim or Oxford cloth).




Background reading

G. Reich. A moiré pattern-based thread counter. Phys. Teach. 55, 7, 426-430 (2017)

H. Kamal, R. Voelkel, and J. Alda. Properties of moiré magnifiers. Optical Eng. 37, 11, 3007-
3014 (1998), https://www.suss-microoptics.com/suss-microoptics/technical-
publications/Moire_Magnifiers.pdf

Rayleigh. On the manufacture and theory of diffraction-gratings. Phil. Mag. S. 4, 47, 310, 81-93
and 193-205 (1874)

|. Amidror. The Theory of the Moiré Phenomenon: Volume |: Periodic Layers (Springer Science,
2009), https://books.google.com/books?id=8H7pLEH_NbEC

Emin Gabrielyan. The basics of line moiré patterns and optical speedup (docs.switzernet.com,
2007), https://docs.switzernet.com/people/emin-gabrielyan/070306-optical-speedup/

The moiré demonstration kit: A guided tour through the fascinating world of moiré effects
(Ispwww.epfl.ch, 2010), https://Ispwww.epfl.ch/publications/books/moire/kitl.html

The Moiré Principle and its Practical Application in Textile Testing (lunometer.de),
http://www.lunometer.de/tech-e.htm

Lunometer: What is is (lunometer.com), http://www.lunometer.com/what.html

K. Creath and J. C. Wyant. Moiré and Fringe Projection Techniques. In: Optical Shop Testing (Ed.
D. Malacara, John Wiley & Sons, 1992),
http://www.u.arizona.edu/~kcreath/pdf/pubs/1992 KC JCW _OptShopTest c16_Moire.pdf,
https://pdfs.semanticscholar.org/cOba/2ea38e20f5d6066e2193055bbc68677c700c.pdf

DIY Moire Thread Counter (IYPT 2019 Problem 13 Demonstration) (youtube, Canadian Young
Physicists’ Tournament, Nov 25, 2018), https://youtu.be/BKpImXAOfvg




Background reading

= Thread Counting (youtube, Gwendolyn Hustvedt, Mar 27, 2017), https://youtu.be/VH7zi3E|JgdA
=  Moire pattern effect (youtube, pocket832, Dec 19, 2015), https://youtu.be/QZYpEMp87Xo

= textile densimeter (youtube, &=, Jul 11, 2011), https://youtu.be/ZW2p36QzXro

=  Wikipedia: Line moiré, https://en.wikipedia.org/wiki/Line_moir%C3%A9

= Wikipedia: Moiré pattern, https://en.wikipedia.org/wiki/Moir%C3%A9 pattern




Problem No. 14 “Looping pendulum”

Connect two loads, one heavy and one light, with a string over a horizontal rod and lift
up the heavy load by pulling down the light one. Release the light load and it will
sweep around the rod, keeping the heavy load from falling to the ground. Investigate

this phenomenon.




Background reading

A. V. Zvyagin and L. V. Nikitin. Statics and dynamics of a flexible elastic thread wound on a
reel. Mech. Solids 45, 6, 885-891 (2010)

lvan llin. MNeTneBon MadaTHUK - YACNIeHHOe MoaenupoBaHue. THO® Looping pendulum
(ilinblog.ru, 20-09-2018), http://ilinblog.ru/article.php?id_article=44

Rope Friction Around Pole (harvard.edu),
https://sciencedemonstrations.fas.harvard.edu/presentations/rope-friction-around-pole

The Unbelievable Pendulum Catch - SICK Science! (stevespanglerscience.com),
https://www.stevespanglerscience.com/lab/experiments/magic-pendulum/

E. Bridi and L. Conta. Looping pendulum (istitutotrento5.it, 2016),
https://www.istitutotrento5.it/images/test/bre_15 16 looping_pendulum_2_bil.pdf

IYPT 2019 Problem 14 Looping Pendulum Demonstration (youtube, Canadian Young Physicists’
Tournament, Sep 23, 2018), https://youtu.be/h2UmGShOwbQ

Looping Pendulum - computer simulation. IYPT 2019 #14 (youtube, ilinblog, Aug 30, 2018),
https://youtu.be/zVLn3sfXyRA

Looping Pendulum (youtube, Scoop Science, Dec 16, 2016), https://youtu.be/MUWEFHSs2vFc
Looping Pendulum (youtube, Erik Lavoie, Mar 30, 2016), https://youtu.be/ZyhHidThQR8

Toy Physics - Looping Pendulum /// Homemade Science with Bruce Yeany (youtube, Bruce
Yeany, Jan 1, 2015), https://youtu.be/SXQ9VaYm3yQ

Coffee Cup Pendulum - Cool Science Experiment (youtube, SpanglerScienceTV, Aug 10, 2011),
https://youtu.be/XSFXzL4vCPg



Background reading

= Pendulum Catch - Sick Science! #013 (youtube, Sick Science!, Dec 15, 2010),
https://youtu.be/vOULoL BAE4

=  Wikipedia: Centripetal force, https://en.wikipedia.org/wiki/Centripetal _force

= Wikipedia: Capstan equation, https://en.wikipedia.org/wiki/Capstan_equation

=  Wikipedia: Meteor hammer, https://en.wikipedia.org/wiki/Meteor hammer




Problem No. 15 “Newton’s cradle”

The oscillations of a Newton's cradle will gradually decay until the spheres come to
rest. Investigate how the rate of decay of a Newton's cradle depends on relevant
parameters such as the number, material, and alignment of the spheres.



Background reading

G. James. Nonlinear waves in Newton's cradle and the discrete p-Schroedinger equation. Math.
Models Methods in App. Sci. 21, 11, 2335-2377 (2011), arXiv:1008.1153 [nlin.PS]

C. M. Donahue, C. M. Hrenya, A. P. Zelinskaya, and K. J. Nakagawa. Newton’s cradle undone:
Experiments and collision models for the normal collision of three solid spheres. Phys. Fluids
20, 113301 (2008)

R. Hessel, A. C. Perinotto, R. A. M. Alfaro, and A. A. Freschi. Force-versus-time curves during
collisions between two identical steel balls. Am. . Phys. 74, 3, 176-179 (2006)

S. Hutzler, G. Delaney, D. Weaire, and F. MacLeod. Rocking Newton’s cradle. Am. J. Phys. 72,
12, 1508-1516 (2004), https://www.maths.tcd.ie/~garyd/Publications/

Delaney 2004 AmJPhys Rocking Newtons Cradle.pdf

V. Ceanga and Y. Hrmuzlu. A new look at an old problem: Newton’s cradle. J. App. Math. 68,
575-583 (2001)

E. J. Hinch and S. Saint-Jean. The fragmentation of a line of balls by an impact. Proc. R. Soc.
London Ser. A 455, 3201-3220 (1999)

D. R. Lovett, K. M. Moulding, and S. Anketell-Jones. Collisions between elastic bodies: Newton's
cradle. Eur. J. Phys. 9, 4, 323-328 (1998), http://www-
astro.physics.ox.ac.uk/~ghassan/newton_cradle 2.pdf

M. Reinsch. Dispersion-free linear chains. Am. J. Phys. 62, 3, 271-278 (1994)

F. Hermann and M. Seitz. How does the ball-chain work? Am. J. Phys. 50, 11, 977-981 (1982),
https://www.oebv.at/system/files/celum/376997 Ball-chain_part2.pdf



Background reading

F. Herrmann and P. Schmalzle. Simple explanation of a well-known collision experiment. Am. |.
Phys. 49, 8, 761-764 (1981), http://www.physikdidaktik.uni-karlsruhe.de/publication/ajp/Ball-
chain_partl.pdf

S. Chapman. Misconception concerning the dynamics of the impact ball apparatus. Am. J. Phys.
28, 8, 705-711 (1960)

S. Chapman. Some interesting aspects of the collision ball apparatus. Am. J. Phys. 9, 6, 357-
360 (1941)

Donald Simanek. Newton's Cradle (lockhaven.edu, 2017),
http://www.lockhaven.edu/~dsimanek/scenario/cradle.htm,
http://faraday.physics.uiowa.edu/images/1n30.10%20-%20Newton%27s%20Cradle.pdf

Energy Dissipation in a Physics Toy (drorzel, scienceblogs.com, 2015),
https://scienceblogs.com/principles/2015/11/05/energy-dissipation-in-a-physics-toy
Joel Teune. Newton's Cradle (phys.uaf.edu, 2011), http://ffden-

2.phys.uaf.edu/212 spring2011.web.dir/Joel Teune/index.html

IYPT 2019 Problem 15 Newton's Cradle Demonstration (youtube, Canadian Young Physicists
Tournament, Oct 20, 2018), https://youtu.be/7Gc1fOgRDhA

Amazing Demonstration Of A Giant Newton's Cradle! (youtube, brusspup, Dec 20, 2017),
https://youtu.be/8dgyPRA86KO

Wikipedia: Newton's cradle, https://en.wikipedia.org/wiki/Newton%27s cradle
Wikipedia: Inelastic collision, https://en.wikipedia.org/wiki/Inelastic_collision

’




Problem No. 16 “Sinking bubbles”

When a container of liquid (e.g. water) oscillates vertically, it is possible that bubbles in
the liquid move downwards instead of rising. Investigate this phenomenon.




Background reading

V. S. Sorokin, 1. I. Blekhman, and V. B. Vasilkov. Motion of a gas bubble in fluid under vibration.
Nonlinear Dyn. 67, 1, 147-158 (2012)

l. . Blekhman, L. I. Blekhman, V. S. Sorokin, V. B. Vasilkov, and K. S. Yakimova. Surface and
volumetric effects in a fluid subjected to high-frequency vibration. Proc. Inst. Mech. Engineers
Part C: ). Mech. Engin. Sci. 226, 8, 2028-2043 (2012)

l. I. Blekhman, L. |. Blekhman, L. A. Vaisberg, V. B. Vasil’kov, and K. S. Yakimova. “Anomalous”
phenomena in fluid under the action of vibration. Doklady Physics 53, 10, 520-524 (2008)

F. Zoueshtiagh, H. Caps, M. Legendre, N. Vandewalle, P. Petitjeans, and P. Kurowski. Air
bubbles under vertical vibrations. Eur. Phys. |J. E 20, 3, 317-325 (2006)

D. D. Kana and W.-H. Chu. Bubble dynamics in vibrated liquids under normal and simulated low
gravity environments (NASA report, 1967),
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19670021172.pdf

D. D. Kana and F. T. Dodge. Bubble behavior in liquids contained in vertically vibrated tanks. |.
Spacecraft 3, 5, 760-767 (1966)

H. H. Bleich. Effect of vibrations on the motion of small gas bubbles in a liquid. J. Jet Propulsion
26, 11, 958-964 (1956)

C. Gentry, J. Greenberg, X. R. Wang, and N. Kearns. Sinking bubble in vibrating tanks (Univ. of
Arizona), https://www.math.arizona.edu/~gabitov/teaching/131/

math_485 585/Midterm_Reports/Sinking_Bubbles.pdf

C. Gentry, J. Greenberg, N. Kearns, and X. R. Wang. Sinking bubbles in an oscillating fluid (Univ.
of Arizona), https://www.math.arizona.edu/~gabitov/teaching/131/

math 485 585/Midterm_Presentations/bubble_midterm.pdf



Background reading

= ], Wymer, J. Henzerling, A. Kilgallon, M. MclIntire, and M. Ghallab. Bubble dynamics in a
vibrating liquid (Univ. of Arizona), https://www.math.arizona.edu/~gabitov/teaching/141/
math_485/Midterm_Presentations/Sinking_Bubbles.pdf

= ]. Wymer, M. Mclintire, M. Ghallup, ). Henzerling, A. Kilgallon. Sinking bubbles in an oscillating
liquid (Univ. of Arizona), https://www.math.arizona.edu/~gabitov/teaching/141/math 485/
Midterm_Reports/Sinking%20bubbles_midterm_report.pdf

= ]. Wymer, M. Mclintire, M. Ghallab, J. Henzerling, and A. Kilgallon. Sinking bubbles in an
oscillating liquid (Univ. of Arizona, 2014),
https://www.math.arizona.edu/~gabitov/teaching/141/math_485/
Final_Report/Bubble_Dynamics_Final Report.pdf

= A. H.Techet and B. P. Epps. 2.016 Hydrodynamics: 0.1 Derivation of Added Mass around a
Sphere (MIT handouts),
http://web.mit.edu/2.016/www/handouts/Added_Mass_Derivation _050916.pdf

= |YPT 2019 Problem 16 Sinking Bubbles Demonstration (youtube, Canadian Young Physicists’
Tournament, Nov 3, 2018), https://youtu.be/zaC3ez0lqgJs

=  Chaotic Sinking Bubbles at 80 Hz (youtube, James Wymer, May 4, 2015),
https://youtu.be/Ekq7fWcDNnNE

= Sinking Bubbles at 430 Hz (youtube, James Wymer, Apr 17, 2015),
https://youtu.be/mzVICLnwLfs

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

=  Wikipedia: Drag (physics), https://en.wikipedia.org/wiki/Drag_(physics)

= Wikipedia: Added mass, https://en.wikipedia.org/wiki/Added mass




Problem No. 17 “Popsicle chain reaction”

Wooden popsicle sticks can be joined together by slightly bending each of them so that
they interlock in a so-called “cobra weave” chain. When such a chain has one of its
ends released, the sticks rapidly dislodge, and a wave front travels along the chain.

Investigate the phenomenon.




Background reading

J. Sautel, A. Bourges, A. Caussarieu, N. Plihon, and N. Taberlet. The physics of a popsicle stick
bomb. Am. J. Phys. 85, 10, 783-790 (2017)

J.-P. Boucher, C. Clanet, D. Quéré, and F. Chevy. Popsicle-stick cobra wave. Phys. Rev. Lett.
119, 084301 (2017)

A. Papastathopoulos-Katsaros and S. Sardelis. A physical model for the popsicle stick cobra.
Emergent Scientist 1, 3 (2017)

Cobra Weave Exploding Stick Bomb (sherrycayheyhey, instructables.com),
https://www.instructables.com/id/Cobra-Weave-Exploding-Stick-Bomb/

OnpegeneHne moayns FOHra 3 nsrunba (TMy, 2007),
http://www.physchem.msu.ru/assets/prak_mech_8.pdf

IYPT 2019 Problem 17 Popsicle Chain Reaction Demonstration (youtube, Canadian Young
Physicists’ Tournament, Sep 15, 2018), https://youtu.be/VsoKpRWngK8

How to make 3 popsicle stick chain reactions (youtube, Anekcen AkyweydkuH, Jul 12, 2016),
https://youtu.be/xeR-gblPJrl

Cobra wave (youtube, Fatal Gamers, Feb 13, 2016), https://youtu.be/hAMUTK 2C1Dg

Cobra Weave Popsicle Stick Chain Reaction (youtube, Kyle Webb, Jul 25, 2015),
https://youtu.be/T5vYrxC5kmg

Stick Bomb 18,169 sticks (youtube, TheDominoKing, Mar 3, 2015),
https://youtu.be/GtnZcldujgg

Simple chain stick reaction tutorial (youtube, Captain Starlight, Nov 15, 2014),
https://youtu.be/IX6kkuuMaQw



Background reading

= Popsicle Stick Chain Reaction Tutorial (youtube, HooplaKidzLab, Apr 7, 2014),
https://youtu.be/F0jQgGz7GfY

= August 3, 2013 Stick Bomb Tutorial (youtube, Larom Lancaster, Aug 5, 2013),
https://youtu.be/vyFDGczUdQQ

= How-To Make a Cobra Weave Stick Bomb out of Popsicle Sticks (youtube, CobraWeaves, May
21, 2013), https://youtu.be/glwZ9d361A8

=  The Kinetic King Detonates a Guinness World-Record Stick Bomb -- 2250 Sticks! (youtube,
Kinetic King, Nov 17, 2009), https://youtu.be/jiWwxU3jXOFc

=  Wikipedia: Linear elasticity, https://en.wikipedia.org/wiki/Linear elasticity

=  Wikipedia: Euler-Bernoulli beam theory, https://en.wikipedia.org/wiki/Euler
%E2%80%93Bernoulli_ beam_theory

=  Wikipedia: Young's modulus, https://en.wikipedia.org/wiki/Young%27s_modulus




Find all the differences you can!

IYPT 1989, Team Netherlands IYPT 2016, Team United Kingdom



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

0 regard their work critically,

Q  |ook deeper,

Q2  have a better background knowledge,

2 be skeptical in embedding their projects into the standards of professional research,
QO 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)
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