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Let's all toast to the IYPT Founder as 
he celebrates his 80th birthday!

Born in 1943, Dr h.c. Evgeny Yunosov 
designed the Young Physicists' Tournament in 
1979 and created the annual IYPT in 1988.

Happy 80th birthday!



  



  

Is the novel research 
limited and discouraged 
by the existing common 
knowledge and the 
ongoing work of 
competing groups? :-)



 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!

How to tackle the IYPT problems?



  

Problem No. 1 “Fractal fingers”
The effect of fractal fingering can be observed if a droplet of an ink-alcohol mixture is 
deposited onto diluted acrylic paint. How are the geometry and dynamics of the fingers 
influenced by relevant parameters?

[Myriam's Nature 2017]



  

Background reading
 IYPT 2023 Problem 1 Fractal Fingers Demonstration (youtube, CAJCS FSA, 28.10.2022), 

https://youtu.be/6GUFSQRVxSM
 Acrylic paint fractals (youtube, APS Physics, 19.11.2021), https://youtu.be/DguNgm9tDFU
 Fast Fractal Fingering in Fructose Fluids (youtube, APS Physics, 19.11.2021), 

https://youtu.be/zf1gR-tNzUs
 FRACTAL ART - HIGH FLOW GOLD ACRYLIC - How to make DIRTY DENDRITES - Fluid Art 

(youtube, Dirty Artist - Acrylic Pouring, 21.06.2019), https://youtu.be/92BOqGwzTxI
 FRACTAL ART - How Big? "DIRTY DENDRITES" Acrylic Pouring / Fluid Art (youtube, Dirty Artist - 

Acrylic Pouring, 26.05.2019), https://youtu.be/lHJL6sSzJVg
 FRACTAL ART - BIGGER DENDRITES Secret Weapon!!! Easy for beginners! (youtube, Dirty Artist 

- Acrylic Pouring, 18.05.2019), https://youtu.be/IFGw1aXvN4A
 35] DENDRITE FRACTALS : Easy Technique - GREAT Results - Different Styles - Acrylics or India 

Ink (youtube, Myriam's Nature, 01.11.2017), https://youtu.be/hZy4kGqoJq8
 Wikipedia: Fractal dimension, https://en.wikipedia.org/wiki/Fractal_dimension
 Wikipedia: Saffman-Taylor instability, https://en.wikipedia.org/wiki/Saffman

%E2%80%93Taylor_instability
 Wikipedia: Hele-Shaw flow, https://en.wikipedia.org/wiki/Hele-Shaw_flow
 W. Song, N. N. Ramesh, and A. R. Kovscek. Spontaneous fingering between miscible fluids. 

Colloids Surf. A: Physicochem. Eng. Asp. 584, 123943 (2020)
 J. A. Canabal, M. A. Otaduy, B. Kim, and J. Echevarria. Simulation of dendritic painting. 

Computer Graphics Forum 39, 2, 597-606 (2020)



  

Background reading
 O. A. Fadoul and P. Coussot. Saffman–Taylor instability in yield stress fluids: Theory–

experiment comparison. Fluids 4, 53 (2019)
 I. Bischofberger, R. Ramachandran, and S. R. Nag. Fingering versus stability in the limit of zero 

interfacial tension. Nature Communications 5, 5265 (2014)
 B. Lagrée, S. Zaleski, I. Bondino, C. Josserand, and S. Popinet. Scaling properties of viscous 

fingering (2014), arXiv:1410.8659 [physics.flu-dyn]
 S. Sinha and S. Tarafdar. Viscous fingering patterns and evolution of their fractal dimension. 

Ind. Eng. Chem. Res. 48, 8837-8841 (2009)
 A. Linder, D. Derks, and M. J. Shelly. Stretch flow of thin layers of Newtonian liquids: Fingering 

patterns and lifting forces. Phys. Fluids 17, 072107 (2005), 
https://math.nyu.edu/~shelley/papers/LDS2005.pdf

 O. Praud and H. L. Swinney. Fractal dimension and unscreened angles measured for radial 
viscous fingering. Phys. Rev. E 72, 1, 011406 (2005)

 A. Hamraoui, M. Cachile, C. Poulard, and A. M. Cazabat. Fingering phenomena during spreading 
of surfactant solutions. Colloids Surf. A: Physicochem. Eng. Asp. 250, 215-221 (2004)

 E. Meiburg and G. M. Homsy. Nonlinear unstable viscous fingers in Hele–Shaw flows. II. 
Numerical simulation. Phys. Fluids 31, 3, 429-439 (1988)

 G. Daccord, J. Nittmann, and H. Eugene Stanley. Radial viscous fingers and diffusion-limited 
aggregation: Fractal dimension and growth sites. Phys. Rev. Lett. 56, 4, 336-339 (1986)

 D. Bensimon, L. P. Kadanoff, S. Liang, B. I. Shraiman, and C. Tang. Viscous flows in two 
dimensions. Rev. Mod. Phys. 58, 4, 977-999 (1986)



  

Background reading
 J. Nittmann, G. Daccord, and H. Eugene Stanley. Fractal growth of viscous fingers: Quantitative 

characterization of a fluid instability phenomenon. Nature 314, 141-144 (1985)
 C. W. Park and G. M. Homsy. The instability of long fingers in Hele–Shaw flows. Phys. Fluids 28, 

6, 1583-1585 (1985)
 A. L. Robinson. Fractal fingers in viscous fluids: Highly unstable viscous fingers break up into 

many-branched structures that are suggestive of fractal geometry. Science 228, 4703, 1077-
1080 (1985)

 G. Saffman and G. I. Taylor. The penetration of a fluid in a porous media or Hele-Shaw cell, 
containing a more viscous liquid. Proc. Royal Soc. A, 245, 312-329 (1958)

 R. Camassa, L. Ding, G. McLaughlin, and R. McLaughlin. V0062: Fast Fractal Fingering in 
Fructose Fluids (GALLERY OF FLUID MOTION Presented by the APS Division of Fluid Dynamics, 
74TH ANNUAL MEETING OF THE APS DIVISION OF FLUID DYNAMICS, Nov. 21-23, 2021), 
https://gfm.aps.org/meetings/dfd-2021/6143b4aa199e4c7029f44f63

 S. T. Chan, S. J. Haward, and A. Q. Shen. V0032: Acrylic paint fractals (GALLERY OF FLUID 
MOTION Presented by the APS Division of Fluid Dynamics, 74TH ANNUAL MEETING OF THE APS 
DIVISION OF FLUID DYNAMICS, Nov. 21-23, 2021), https://gfm.aps.org/meetings/dfd-
2021/613ee397199e4c7029f44b89

 Fast Fractal Fingers (Nicole Sharp, fyfluiddynamics.com, Apr. 21, 2022), 
https://fyfluiddynamics.com/2022/04/fast-fractal-fingers/



  

Problem No. 2 “Oscillating sphere”
A light sphere with a conducting surface is suspended from a thin wire. When the 
sphere is rotated about its vertical axis (thereby twisting the wire) and then released, it 
starts to oscillate. Investigate how the presence of a magnetic field affects the motion.

[ 曾賢德 2022]



  

Background reading
 2. Oscillating Sphere (youtube, IYPT Sweden, 12.08.2023), https://youtu.be/-NQfPcArpPU
 Demo IYPT 2023 problem 2 (youtube, 曾賢德 , 30.11.2022), https://youtu.be/ookwVSsbYRE
 Wikipedia: Eddy current, https://en.wikipedia.org/wiki/Eddy_current
 Wikipedia: Eddy current brake, https://en.wikipedia.org/wiki/Eddy_current_brake
 M. A. Nurge, R. C. Youngquist, and S. O. Starr. Drag and lift forces between a rotating 

conductive sphere and a cylindrical magnet. Am. J. Phys. 86, 6, 443-452 (2018)
 R. C. Youngquist, M. A. Nurge, S. O. Starr, F. A. Leve, and M. Peck. A slowly rotating hollow 

sphere in a magnetic field: First steps to de-spin a space object. Am. J. Phys. 84, 3, 181-191 
(2016)

 D. V. Redzic. Electromagnetostatic charges and fields in a rotating conducting sphere. Progress 
In Electromagnetics Research, 110, 383-401 (2010)

 R. Hollerbach, R. J. Wiener, I. S. Sullivan, R. J. Donnelly, and C. F. Barenghi. The flow around a 
torsionally oscillating sphere. Phys. Fluids 14, 4192-4205 (2002)

 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)

 R. P. Halverson and H. Cohen. Torque on a spinning hollow sphere in a uniform magnetic field. 
IEEE Trans. Aerospace and Navigational Electronics ANE-11, 2, 118-122 (1964)

 E. C. Bullard. Electromagnetic induction in a rotating sphere. Proc. R. Soc. Lond. A 199, 413-
443 (1949)



  

Background reading
 K. T. McDonald. Conducting sphere that rotates in a uniform magnetic field (2002), 

http://kirkmcd.princeton.edu/examples/rotatingsphere.pdf
 Torque on a rotating sphere in a uniform magnetic field (physics.stackexchange.com, Dec 24, 

2019), https://physics.stackexchange.com/questions/521105/torque-on-a-rotating-sphere-in-a-
uniform-magnetic-field

 Torsional pendulum: Definition, Derivation, Formula [with Pdf] (mechcontent.com), 
https://mechcontent.com/torsional-pendulum/



  

Problem No. 3 “Siren”
If you direct an air flow onto a rotating disk with holes, a sound may be heard. Explain 
this phenomenon and investigate how the sound characteristics depend on the 
relevant parameters.

[Бобры 2023]



  

Background reading
 Simple siren disc demonstration //. Homemade Science with Bruce Yeany (youtube, Bruce 

Yeany, 07.09.2021), https://youtu.be/-LTtuMj6jZc
 Disk siren (youtube, florencefst, 17.08.2015), https://youtu.be/9OHfQLtMWWc
 Аэроакустика: сирена и скакалка (youtube, GetAClass - Физика в опытах и 

экспериментах, 12.02.2015), https://youtu.be/ljYa5U8MfrI
 Helmholtz double-siren (youtube, Rene Bakker, 25.07.2008), https://youtu.be/xaBoC7tbAE0
 Wikipedia: Siren disk, https://en.wikipedia.org/wiki/Siren_disk
 K. Shalash, F. C. Şahin, and J. Schiffmann. Non-linear transfer function identification of pressure 

probes using Siren Disks. Exp. Therm. Fluid Sci. 91, 459-469 (2018)
 T. B. Greenslade, Jr. The Siren. Phys. Teach. 42, 7, 418-421 (2004)
 C. H. K. Williamson and R. Govardhan. Vortex-induced vibrations. Annu. Rev. Fluid Mech. 36, 1, 

413-455 (2004)
 P. W. Bearman. Vortex shedding from oscillating bluff bodies. Annu. Rev. Fluid Mech. 16, 1, 

195-222 (1984)
 F. L. Wightman and D. M. Green. The Perception of Pitch: The pitch of a sound wave is closely 

related to its frequency or periodicity—but the exact nature of that relation remains a mystery. 
Am. Scientist 62, 2, 208-215 (1974)

 A. Powell. Theory of vortex sound. J. Acoust. Soc. Am. 36, 1, 177-195 (1964)
 E. A. Milne and R. H. Fowler. Siren harmonics and a pure tone siren. Proc. R. Soc. Lond. A 98, 

414-427 (1921)



  

Background reading
 A. Seebeck. Ueber die Sirene. Ann. Physik 136, 12, 449-481 (1843)
 R. Collecchia, D. Somen, and K. McElroy. The siren organ. Proc. Int. Conf. on New Interfaces for 

Musical Expression (Goldsmiths University, London, 30 June - 4 July, 2014), pp. 391-394, 
https://www.nime.org/proceedings/2014/nime2014_558.pdf

 Siren: large, electric motor driven (berkeleyphysicsdemos.net), 
http://berkeleyphysicsdemos.net/node/193

 Siren Discs (Harvard Natural Sciences Lecture Demonstrations), 
https://sciencedemonstrations.fas.harvard.edu/presentations/siren-discs

 Siren Disk (exploratorium.edu), https://www.exploratorium.edu/snacks/siren-disk
 Build a Disk Siren (sciencebuddies.org), https://www.sciencebuddies.org/stem-activities/build-

disk-siren
 Frequency and pitch: How do we know? (pressbooks.pub), 

https://pressbooks.pub/sound/chapter/sirens-and-singing-roads/
 Building a Disk Siren: A noisy science activity from Science Buddies (scientificamerican.com), 

https://www.scientificamerican.com/article/building-a-disk-siren/



  

Problem No. 4 “Coloured line”
When a compact disc or DVD is illuminated with light coming from a filament lamp in 
such a way that only rays with large angles of incidence are selected, a clear green 
line can be observed. The colour varies upon slightly changing the angle of the disc. 
Explain and investigate this phenomenon.

[Кипящий лёд 2023]



  

Background reading
 IMG 0532 (youtube, MCS-Juniorakademie, 12.09.2022), https://youtu.be/shFvXXDD1xA
 Diffraction grating (youtube, GetAClass - Physics, 20.11.2021), https://youtu.be/LYLjUgr3XI8
 Using a CD as diffraction grating (youtube, Dinmukhammed Bagdat, 19.03.2021), 

https://youtu.be/XP1tvZkECO4
 Wikipedia: Diffraction, https://en.wikipedia.org/wiki/Diffraction
 Wikipedia: Diffraction grating, https://en.wikipedia.org/wiki/Diffraction_grating
 Wikipedia: Compact disc, https://en.wikipedia.org/wiki/Compact_disc
 R. De Luca, M. Di Mauro, O. Fiore, and A. Naddeo. A compact disc under skimming light rays. 

Am. J. Phys. 86, 3, 169-173 (2018), https://physlab.org/wp-
content/uploads/2018/09/luca2018.pdf

 J. J. Birriel. Diffraction by “sheer coincidence. Phys. Teach. 56, 9, 648-649 (2018)
 J. J. Barreiro, A. Pons, J. C. Barreiro, J. C. Castro-Palacio, and J. A. Monsoriu. Diffraction by 

electronic components of everyday use. Am. J. Phys. 82, 3, 257-261 (2014)
 J. Fernández-Dorado, J. Hernández-Andrés, E. M. Valero, J. L. Nieves, and J. Romero. A simple 

experiment to distinguish between replicated and duplicated compact discs using Faunhofer 
diffraction. Am. J. Phys. 76, 12, 1137-1140 (2008)

 R. Khare. Use of a CD as a dispersive element in a tunable dye laser. Am. J. Phys. 73, 6, 559-
562 (2005)

 J. Cope. The physics of the compact disc. Phys. Educ. 28, 1, 15-21 (1993)
 H. Kruglak. Diffraction demonstration with a compact disc. Phys. Teach. 31, 2, 104 (1993)



  

Background reading
 M. G. Cornwall. CD means Colourful Diffraction. Phys. Educ. 28, 12-14 (1993)
 J. E. Kettler. The compact disk as a diffraction grating. Am. J. Phys. 59, 4, 367-368 (1991)
 H. Kruglak. The compact disc as a diffraction grating. Phys. Educ. 26, 4, 255-256 (1991)
 C. Nöldeke. Compact disc diffraction. Phys. Teach. 28, 7, 484-485 (1990)
 Diffraction on a CD (physicsexperiments.eu, Jul. 18th, 2019), 

https://physicsexperiments.eu/1704/diffraction-on-a-cd
 Colours in CDs (thenakedscientists.com, 07 December 2008), 

https://www.thenakedscientists.com/get-naked/experiments/colours-cds
 Why do we see a rainbow of colors reflected off a CD or DVD? (physics.stackexchange.com, 

Mar 6, 2019), https://physics.stackexchange.com/questions/464911/why-do-we-see-a-rainbow-
of-colors-reflected-off-a-cd-or-dvd

 Diffraction Grating (hyperphysics.phy-astr.gsu.edu), http://hyperphysics.phy-
astr.gsu.edu/hbase/phyopt/grating.html, http://hyperphysics.phy-
astr.gsu.edu/hbase/phyopt/gratcal.html

 10.3. The diffraction grating. In: Applications of the Wave Nature of Light, pp. 520-525, 
http://panchbhaya.weebly.com/uploads/1/3/7/0/13701351/phys12_c10_10_3.pdf

 Why does a CD reflect a rainbow and a mirror does not? Can someone answer it to me in 
simple ways? (Brad Moffat, quora.com), https://www.quora.com/Why-does-a-CD-reflect-
rainbow-colors/answer/Brad-Moffat-1



  

Background reading
 the grating equation (Vik Dhillon), 

http://www.vikdhillon.staff.shef.ac.uk/teaching/phy217/instruments/phy217_inst_grating.html
 CDs and DVDs as Diffraction Gratings (nnci.net), https://nnci.net/node/5375



  

Problem No. 5 “Whistling mesh”
When a stream of water hits a rigid metal mesh within a range of angles, a whistling 
tone may be heard. Investigate how the properties of the mesh, stream and angle 
affect the characteristics of the sound produced.

[Кипящий лёд 2023]



  

Background reading
 mesh whistle (youtube, Nicholas Wong, 16.02.2022), https://youtu.be/OXLb40Ab5Jo
 Why does the tea strainer sing? (youtube, odess4sd4d, 07.10.2019), 

https://youtu.be/ouZBN4WM5MU
 Tea strainer weird sound (youtube, cheesemunche, 26.06.2018), 

https://youtu.be/AMbkU_UDDI0
 The humming tea filter (youtube, altsmoosh, 31.07.2017), https://youtu.be/-t_sQ5PrRdk
 Odd sound from tea infuser (youtube, Anthony White, 27.05.2017), 

https://youtu.be/mz0jTEFriKU
 The Amazing Singing Tea Strainer (youtube, samgentle, 01.05.2015), 

https://youtu.be/eiWctlgvTMo
 Whistling Tea Strainer (youtube, Rupert Brun, 05.12.2014), https://youtu.be/BrxjCXdKc5A
 Wikipedia: Aeroacoustics, https://en.wikipedia.org/wiki/Aeroacoustics
 Wikipedia: Aeolian harp, https://en.wikipedia.org/wiki/Aeolian_harp
 Wikipedia: Kármán vortex street, https://en.wikipedia.org/wiki/K%C3%A1rm

%C3%A1n_vortex_street
 H.-J. Schlichting. Das singende Teesieb (spektrum.de, 11.10.2021), 

https://www.spektrum.de/wissen/das-singende-teesieb/1918327
 W. Suhr. Pfeiftöne vom Teefilter - Ein strömungsakustisches Alltagsphänomen. Physik und 

Didaktik in Schule und Hochschule 1/19, 57-66 (2020)



  

Background reading
 W. Zhang, X. Li, Z. Ye, and Y. Jiang. Mechanism of frequency lock-in in vortex-induced 

vibrations at low Reynolds numbers. J. Fluid Mech. 783, 72-102 (2015)
 C. Eloy. Optimal Strouhal number for swimming animals (2011), arXiv:1102.0223v1 

[physics.flu-dyn]
 L. Schouveiler, C. Eloy, and P. Le Gal. Flow-induced vibrations of high mass ratio flexible 

filaments freely hanging in a flow. Phys. Fluids, 17, 4, 047104 (2005)
 C. H. K. Williamson and R. Govardhan. Vortex-induced vibrations. Ann. Rev. Fluid Mech. 36, 

413-455 (2004)
 R. D. Blevins. Review of sound induced by vortex shedding from cylinders. J. Sound Vib. 92, 4, 

455-470 (1984)
 A. Powell. Theory of vortex sound. J. Acoust. Soc. Am. 36, 1, 177-195 (1964)
 B. Etkin, G. K. Korbacher, and R. T. Keefe. Acoustic radiation from a stationary cylinder in a 

fluid stream (Aeolian tones). J. Acoust. Soc. Am. 29, 30-36 (1957)
 B. Etkin, G. K. Korbacher, and R. T. Keefe. Acoustic radiation from a stationary cylinder in a 

fluid stream. J. Acoust. Soc. Am. 28, 4, 776 (1956)
 M. J. Lighthill. On sound generated aerodynamically. II. Turbulence as a source of sound. Proc. 

R. Soc. Lond. A 222, 1148, 1-32 (1954)
 M. J. Lighthill. On sound generated aerodynamically. I. General theory. Proc. R. Soc. Lond. A 

211, 1107, 564-587 (1952)
 Lord Rayleigh. Acoustical Observations II: The Aeolian Harp. Philosophical Magazine V, VII, 161-

162 (1879), http://www.archive.org/details/s05philosophicalmag07londuoft



  

Background reading
 V. Strouhal. Über eine besondere Art der Tonerregung. Ann. Phys. Chemie NF V 241, 10, 216-

251 (1878), 
http://www.weltderphysik.de/intern/upload/annalen_der_physik/1878/Band_241_216.pdf

 E. F. F. Chladni. Über eine verunstaltete Nachricht von der bekannten Wetterharfe zu Basel. 
Ann. Phys. 79, 471-473 (1825)

 J. Liu. Simulation of whistle noise using computational fluid dynamics and acoustic finite 
element simulation (PhD thesis, Univ. of Kentucky, 2012), 
https://uknowledge.uky.edu/cgi/viewcontent.cgi?article=1008&context=me_etds

 C. Eloy. Instablité multipolaire de tourbillons (thèse de Doctorat, Université Aix Marseille II, 
2000)

 H. S. Gurr. Aeolian Harp (Univeristy of South Carolina, 2005), 
http://www.usca.edu/math/~mathdept/hsg/aeolian.html

 Peter Költzsch. Zur Geschichte der Strömungsakustik (TU Dresden, 2000), 
https://web.archive.org/web/20070622164256/http://www.ias.et.tu-
dresden.de/akustik/Publikationen/Stroemungsakustik/koe2000-1.pdf

 Aerodynamic Noise (diracdelta.co.uk), 
https://web.archive.org/web/20060614150243/http://www.diracdelta.co.uk/science/source/a/e/
aerodynamic%20noise/source.html

 Ron Konzak. Wind Harp Physics (konzak.com), 
https://web.archive.org/web/20101022160426/http://www.konzak.com/windharp/physics.html



  

Background reading
 Uli Wahl. Bibliography of Kite Musical - / Aeolian Instruments (windmusic.com), 

http://www.windmusik.com/html/litratur.htm
 W. K. Blake. Mechanics of flow-induced sound and vibration (Academic Press, New York, 1986)
 William Bragg. The World of Sound (Bell, London, 1921), pp. 107-116, 

http://www.archive.org/details/worldofsoundsixl00braguoft
 Thomas L. Hankins and Robert J. Silverman. Instruments and the Imagination (Princeton Univ. 

Press, 1999), pp. 95-99, http://books.google.com/books?id=O9e_7E22caAC
 Aeroaccoustics. In: Robert T. Beyer. Nonlinear Acoustics (U.S. Dept. of Defense, 1974), pp. 3-7, 

http://www.dtic.mil/cgi-bin/GetTRDoc?Location=U2&doc=GetTRDoc.pdf&AD=ADA098556
 U. Backhaus und H. J. Schlichting. Regular and chaotic oscillations of a rotating pendulum. In: 

G. Marx (Ed.): Chaos in Education II. Vesprem (Hungary, 1987), pp. 312-317, http://www.uni-
muenster.de/imperia/md/content/fachbereich_physik/didaktik_physik/ 
publikationen/regula_rchaotik.pdf



  

Pr. No. 6 “Magnetic-mechanical oscillator”
Secure the lower ends of two identical leaf springs to a non-magnetic base and attach 
magnets to the upper ends such that they repel and are free to move. Investigate how 
the movement of the springs depends on relevant parameters.

[MCS-Juniorakademie 2022]



  

Background reading
 Magnetic Mechanical Oscillator (youtube, IYPT Sweden, 12.08.2023), 

https://youtu.be/cUIpTVGQQEI
 Magnetic-Mechanical Oscillator (youtube, MWU, 20.06.2023), 

https://www.youtube.com/shorts/ZaxRxZtesew
 Биения связанных маятников (youtube, GetAClass - Физика в опытах и экспериментах, 

18.02.2023), https://youtu.be/e7GmpqLyl_w
 6. Magnetic-Mechanical Oscillator (IYPT 2023) (youtube, Fenix Science Club, 25.09.2022), 

https://youtu.be/tqd2lbA7-bU
 IMG 0648 (youtube, MCS-Juniorakademie, 12.09.2022), https://youtu.be/L_fZLFQ744w
 Demo IYPT 2023 problem 6 (youtube, 曾賢德 , 15.08.2022), https://youtu.be/iEmHyCkgIfU
 Unusual Physics Toy - Coupled Oscillator Giraffes (youtube, physicsfun shorts, 03.08.2021), 

https://youtu.be/79yeIw20aAM
 Wikipedia: Force between magnets, https://en.wikipedia.org/wiki/Force_between_magnets
 Wikipedia: Coupling (physics), https://en.wikipedia.org/wiki/Coupling_(physics)
 Wikipedia: Magnetic dipole, https://en.wikipedia.org/wiki/Magnetic_dipole
 Wikipedia: Neodymium magnet, https://en.wikipedia.org/wiki/Neodymium_magnet
 Wikipedia: Magnetization, https://en.wikipedia.org/wiki/Magnetization
 Z. Hao, D. Wang, and M. Wiercigroch. Nonlinear dynamics of new magneto-mechanical 

oscillator. Commun. Nonlinear Sci. Numer. Simul. 105, 106092 (2022)



  

Background reading
 S. Liu, F. L. Duan, and X. Li. Study of magnetic force between the two magnets for the torque 

and speed evaluations of rim-driven motor. AIP Advances 11, 12, 125321 (2021)
 Abdullah, J.-H. Ahn, and H.-Y. Kim. Effect of electromagnetic damping on system performance 

of voice-coil actuator applied to balancing-type scale. Actuators 9, 1, 8 (2020)
 I. T. Georgiou and F. Romeo. Multi-physics dynamics of a mechanical oscillator coupled to an 

electro-magnetic circuit. Int. J. Non-Linear Mech. 70, 153-164 (2015)
 P. Onorato and A. De Ambrosis. Magnetic damping: Integrating experimental and theoretical 

analysis. Am. J. Phys. 80, 1, 27-35 (2012)
 G. Donoso, C. L. Ladera, and P. Martín. Magnetically coupled magnet–spring oscillators. Eur. J. 

Phys. 31, 3, 433-452 (2010)
 P. M. Przybyłowicz and T. Szmidt. Electromagnetic damping of a mechanical harmonic 

oscillator with the effect of magnetic hysteresis. J. Theor. Appl. Mech. 47, 2, 259-273 (2009), 
http://www.ptmts.org.pl/jtam/index.php/jtam/article/view/v47n2p259

 M. J. Moloney. Coupled oscillations in suspended magnets. Am. J. Phys. 76, 2, 125-128 (2008), 
http://newton.phys.uaic.ro/data/pdf/art/Oscilatii_cuplate.pdf

 H. A. Sodano and J.-S. Bae. Eddy current damping in structures. Shock Vibr. Dig. 36, 6, 469-478 
(2004)

 H. Suhl. Theory of the magnetic damping constant. IEEE Trans. Magn. 34, 4, 1834-1838 (1998), 
https://boulderschool.yale.edu/sites/default/files/files/suhl_ieee.pdf

 L. McCarthy. On the electromagnetically damped mechanical harmonic oscillator. Am. J. Phys. 
64, 7, 885-891 (1996)



  

Background reading
 Coupled oscillators (instagram, physicsfun, 11.08.2022), 

https://www.instagram.com/p/ChIXIVjlAak/
 Force between two magnets (physics.stackexchange.com, May 8, 2019), 

https://physics.stackexchange.com/questions/478810/force-between-two-magnets
 Two Coupled Pendulums (T. Idema, phys.libretexts.org), 

https://phys.libretexts.org/Bookshelves/University_Physics/Book
%3A_Mechanics_and_Relativity_(Idema)/08%3A_Oscillations/8.04%3A_Coupled_Oscillators

 Ph 3 - INTRODUCTORY PHYSICS LABORATORY: The Magneto-Mechanical Harmonic Oscillator 
(California Institute of Technology), 
http://pmaweb.caltech.edu/~phy003/labs/mmhohandout3hqM.pdf



  

Problem No. 7 “Faraday waves”
A droplet of less viscous liquid floating in a bath of a more viscous liquid develops 
surprising wave-like patterns when the entire system is set into vertical oscillation. 
Investigate this phenomenon and the parameters relevant to the production of stable 
patterns.

[Кипящий лёд 2023]



  

Background reading
 Faraday's Worms Look Like Alien Lifeforms (youtube, The Action Lab, 19.01.2023), 

https://youtu.be/3E0jZumGPIk
 Galaxy-like organization of floaters on Faraday waves (youtube, APS Physics, 15.11.2016), 

https://youtu.be/sZzHS2G25dE
 Faraday Instability and Couder Droplets (youtube, ENS MAG, 24.06.2016), 

https://youtu.be/l5UpWZzWzbA
 Faraday Waves (youtube, John Starrett, 17.01.2015), https://youtu.be/8HkVDU1ofVQ
 Faraday Instability in Floating Drops (youtube, APS Physics, 25.11.2014), 

https://youtu.be/OLUZMXuCAxY
 ME312_Lab4: Viscosity and Faraday Waves (youtube, Samuel Acuña, 01.08.2012), 

https://youtu.be/QKyVg31-Vg8
 Wikipedia: Faraday wave, https://en.wikipedia.org/wiki/Faraday_wave
 Y. M. Lau, J. Westerweel, and W. van de Water. Using Faraday waves to measure interfacial 

tension. Langmuir 36, 21, 5872-5879 (2020)
 M. Durey and P. A. Milewski. Faraday wave–droplet dynamics: discrete-time analysis. J. Fluid 

Mech. 821, 296-329 (2017)
 M. Sheldrake and R. Sheldrake. Determinants of Faraday wave-patterns in water samples 

oscillated vertically at a range of frequencies from 50-200 Hz. Water 9, 1-27 (2017), 
https://www.sheldrake.org/files/pdfs/papers/WATER.2017.10.Sheldrake.pdf

 H. Ebata and M. Sano. Swimming droplets driven by a surface wave. Sci. Reports 5, 8546 
(2015) 



  

Background reading
 J. Rajchenbach and D. Clamond. Faraday waves: their dispersion relation, nature of bifurcation 

and wavenumber selection revisited. J. Fluid Mech. 777, R2 (2015)
 A. Hemmerle, G. Froehlicher, V. Bergeron, T. Charitat, and J. Farago. Worm-like instability of a 

vibrated sessile drop. Europhys. Lett., 111, 24003 (2015)
 G. Pucci. Faraday instability in deformable domains. Il Nuovo Cimento C 36, 4, 61-70 (2013), 

http://eprints.bice.rm.cnr.it/18285/1/ncc10514.pdf
 G. Pucci, M. Ben Amar, and Y. Couder. Faraday instability in floating liquid lenses: The 

spontaneous mutual adaptation due to radiation pressure. J. Fluid Mech. 725, 402-427 (2013)
 G. Pucci, E. Fort, M. Ben Amar, and Y. Couder. Mutual adaptation of a Faraday instability 

pattern with its flexible boundaries in floating fluid drops. Phys. Rev. Lett. 106, 2, 024503 
(2011)

 A. Eddi, E. Sultan, J. Moukhtar, E. Fort, M. Rossi, and Y. Couder. Information stored in Faraday 
waves: The origin of a path memory. J. Fluid Mech. 674, 433-463 (2011), 
https://blog.espci.fr/aeddi/files/2014/06/Walker_JFM.pdf

 K. D. Nguyem Thu Lam and H. Caps. Effect of a capillary meniscus on the Faraday instability 
threshold. Eur. Phys. J. E 34, 10, 112 (2011)

 N. Périnet, D. Juric, and L. S. Tuckerman. Numerical simulation of Faraday waves. J. Fluid Mech. 
635, 1-26 (2009)

 M.-T. Westra, D. J. Binks, and W. van de Water. Patterns of Faraday waves. J. Fluid Mech. 496, 
1-32 (2003)



  

Background reading
 D. Binks and W. van de Water. Nonlinear pattern formation of Faraday waves. Phys. Rev. Lett. 

78, 21, 4043-4046 (1997)
 D. Binks, M.-T. Westra, and W. van de Water. Effect of depth on the pattern formation of 

Faraday waves. Phys. Rev. Lett. 79, 25, 5010-5013 (1997)
 O. Lioubashevski, J. Fineberg, and L. S. Tuckerman. Scaling of the transition to parametrically 

driven surface waves in highly dissipative systems. Phys. Rev. E 55, 4, R3832-R3835 (1997)
 P. Chen and J. Viñals. Pattern selection in Faraday waves. Phys. Rev. Lett. 79, 14, 2670-2673 

(1997)
 A. Kudrolli and J. P. Gollub. Localized spatiotemporal chaos in surface waves. Phys. Rev. E 54, 

2, R1052-R1055 (1996)
 A. Kudrolli and J. P. Gollub. Patterns and spatiotemporal chaos in parametrically forced surface 

waves: a systematic survey at large aspect ratio. Physica D: Nonlinear Phenom. 97, 1-3, 133-
154 (1996)

 J. Bechhoefer, V. Ego, S. Manneville and B. Johnson. An experimental study of the onset of 
parametrically pumped surface waves in viscous fluids. J. Fluid Mech. 288, 325-350 (1995)

 A. D. D. Craik and J. G. M. Armitage. Faraday excitation, hysteresis and wave instability in a 
narrow rectangular wave tank. Fluid Dyn. Res. 15, 3, 129-143 (1995)

 W. S. Edwards and S. Fauve. Patterns and quasi-patterns in the Faraday experiment. J. Fluid 
Mech. 278, 123-148 (1994)

 B. Christiansen, P. Alstrøm, and M. T. Levinsen. Ordered capillary-wave states: Quasicrystals, 
hexagons, and radial waves. Phys. Rev. Lett. 68, 14, 2157-2160 (1992)



  

Background reading
 S. Douady. Experimental study of the Faraday instability. J.Fluid Mech. 221, 383-409 (1990)
 N. B. Tufillaro, R. Ramshankar, and J. P. Gollub. Order-disorder transition in capillary ripples. 

Phys. Rev. Lett. 62, 4, 422-425 (1989)
 A. B. Ezerskii, M. I. Rabinovich, V. P. Reutov, and I. M. Starobinets. Spatiotemporal chaos in the 

parametric excitation of a capillary ripple. Sov. Phys. JETP 64, 6, 1228-1236 (1986)
 M. Faraday. XVII. On a peculiar class of acoustical figures; and on certain forms assumed by 

groups of particles upon vibrating elastic surfaces. Philos. Trans. R. Soc. London, 121, 299-340 
(1831)

 J. Orphee, P. Cardenas, and M. Lane. Faraday Waves: One Dimensional Study (Georgia Inst. 
Techn., Dec 8, 2011), https://nldlab.gatech.edu/w/images/9/95/ProjectFaraday2.pdf

 Faraday waves (Jorge Viñals, umn.edu), https://www-
users.cse.umn.edu/~vinals/research/fwaves/index.html

 Faraday Waves (physics.utoronto.ca), https://www.physics.utoronto.ca/nonlinear/faraday.html



  

Problem No. 8 “Euler's pendulum”
Take a thick plate of non-magnetic material and fix a neodymium magnet on top of it. 
Suspend a magnetic rod (which can be assembled from cylindrical neodymium 
magnets) underneath it. Deflect the rod so that it touches the plate only with highest 
edge and release it. Study the motion of such a pendulum under various conditions.

[Fenix Science Club 2022]



  

Background reading
 IYPT 2023 Problem 8 Euler's Pendulum Demonstration (youtube, CAJCS FSA, 18.10.2022), 

https://youtu.be/e2giFlKOmlg
 8. Euler’s Pendulum (IYPT 2023) (youtube, Fenix Science Club, 17.09.2022), 

https://youtube.com/shorts/QjHW-PBc2tE
 8. Euler’s Pendulum (IYPT 2023) (youtube, Fenix Science Club, 16.09.2022), 

https://youtu.be/zrjZfR0s1KY
 Amazing Magnetic Pendulum | Magnet oscillations (youtube, Lifehacker & Experimenter, 

19.07.2018), https://youtu.be/opWY6s0e9Yo
 This is an Euler's Disk (youtube, Guesite, 28.08.2016), https://youtu.be/0ivpvYMZ2ss
 Inverted Euler's Disk (youtube, Ludic Science, 08.02.2016), https://youtu.be/v0XdcihiSo8
 ЗАКОЛЕБАТЕЛЬНАЯ ИГРУШКА Почти ВЕЧНЫЙ ДВИГАТЕЛЬ ДИСК ЭЙЛЕРА Amazing Euler's 

Disk ИГОРЬ БЕЛЕЦКИЙ (youtube, Игорь Белецкий, 30.11.2015), https://youtu.be/q0u-
_QZC8r0

 Wikipedia: Eddy current, https://en.wikipedia.org/wiki/Eddy_current
 Wikipedia: Euler's disk, https://en.wikipedia.org/wiki/Euler%27s_Disk
 Wikipedia: Neodymium magnet, https://en.wikipedia.org/wiki/Neodymium_magnet
 Wikipedia: Magnetization, https://en.wikipedia.org/wiki/Magnetization
 Wikipedia: Magnetic dipole, https://en.wikipedia.org/wiki/Magnetic_dipole
 Wikipedia: Moment of inertia, https://en.wikipedia.org/wiki/Moment_of_inertia
 Wikipedia: Faraday's law of induction, https://en.wikipedia.org/wiki/Faraday

%27s_law_of_induction



  

Background reading
 Wikipedia: Lenz's law, https://en.wikipedia.org/wiki/Lenz%27s_law
 H. Caps, S. Dorbolo, S. Ponte, H. Croisier, and N. Vandewalle. Rolling and slipping motion of 

Euler’s disk. Phys. Rev. E 69, 5, 056610 (2004)
 P. Hrasko. The Rotating Magnet (2003), arXiv:physics/0304015 [physics.gen-ph]
 A. A. Stanislavsky and K. Weron. Nonlinear oscillations in the rolling motion of Euler’s disk. 

Physica D: Nonlinear Phenom. 156, 3-4, 247-259 (2001)
 H. K. Moffatt. Euler's disk and its finite-time singularity. Nature 404, 833-834 (2000)
 Force between two magnets (physics.stackexchange.com, May 8, 2019), 

https://physics.stackexchange.com/questions/478810/force-between-two-magnets
 Euler's Disk (real-world-physics-problems.com), https://www.real-world-physics-

problems.com/eulers-disk.html
 Physics, Euler's disk (eulersdisk.com), http://www.eulersdisk.com/physics.html, 

http://www.eulersdisk.com/FunPhysics_insert.pdf
 Bar Magnet (hyperphysics.phy-astr.gsu.edu), http://hyperphysics.phy-

astr.gsu.edu/hbase/magnetic/elemag.html
 Question Video: Understanding Electromagnetic Induction for a Rotating Magnet (nagwa.com), 

https://www.nagwa.com/en/videos/860137075132/



  

Problem No. 9 “Oscillating screw”
When placed on its side on a ramp and released, a screw may experience growing 
oscillations as it travels down the ramp. Investigate how the motion of the screw, as 
well as the growth of these oscillations depend on the relevant parameters.

[Jiří Zůna 2011]



  

Background reading
 IYPT 2023 Problem 9 Oscillating Screw Explanation (youtube, CAJCS FSA, 27.10.2022), 

https://youtu.be/wu3NZhO3ZIk
 9. Oscillating Screw (IYPT 2023) (youtube, KlubNaukowyFenixWarszawa, 15.08.2022), 

https://www.youtube.com/shorts/qbhLouPe8r8
 Oscillating Screw (youtube, LuckyKaloo, 09.03.2022), https://youtu.be/iwerWvbOyoE
 G. Csernák. Analysis of pole acceleration in spatial motions by the generalization of pole 

changing velocity. Acta Mech. 230, 7, 2607-2624 (2019)
 S. P. Bhat and N. Crasta. Correction to: Rolling cones, closed attitude trajectories, and attitude 

reconstruction. J. Astronaut. Sci. 66, 121 (2019)
 S. P. Bhat and N. Crasta. Rolling cones, closed attitude trajectories, and attitude 

reconstruction. J. Astronaut. Sci. 65, 261-290 (2018)
 R. Cross. Motion of an inclined cylinder on an inclined plane. Eur. J. Phys. 36, 5, 055011 (2015)
 R. W. Gómez, J. J. Hernández-Gómez, and V. Marquina. A jumping cylinder on an inclined plane. 

Eur. J. Phys. 33, 5, 1359 (2012)
 How does a screw roll down an inclined plane? (Tanreom, physicsforums.com, Sep 6, 2022), 

https://www.physicsforums.com/threads/how-does-a-screw-roll-down-an-inclined-
plane.1045390/



  

Background reading
 Kinetic Energy of a Cone Rolling on a Plane (M. Fowler, phys.libretexts.org), 

https://phys.libretexts.org/Bookshelves/Classical_Mechanics/Graduate_Classical_Mechanics_(Fo
wler)/25%3A_Moments_of_Inertia_and_Rolling_Motion/25.02%3A_Analyzing_Rolling_Motion

 General motion of a cone on an inclined surface (physics.stackexchange.com, Jan 21, 2014), 
https://physics.stackexchange.com/questions/94660/general-motion-of-a-cone-on-an-inclined-
surface



  

Problem No. 10 “Upstream flow”
Sprinkle light particles on a water surface. Then allow a water stream to be incident on 
the surface from a small height. Under certain conditions, the particles may begin to 
move up the stream. Investigate and explain this phenomenon.

[Кипящий лёд 2023]



  

Background reading
 Upstream Flow - Die Kontaminierung durch stromaufwärts schwimmende Partikel 

(Versuchsvideo) (youtube, Timer1719, 13.02.2023), https://youtu.be/rw2JtoDLXsU
 Beware of Upstream Contamination! (youtube, ActionLabShorts, 13.06.2022), 

https://www.youtube.com/shorts/xLPwKAk5JdU
 HOW THIS PHENOMENON RELATED TO COVID SPREAD? - UPSTREAM CONTAMINATION 

EXPLAINED - #VeritasiumContest (youtube, Shanmukh praveen kumar Devarakonda, 
25.08.2021), https://youtu.be/LZ-BgI7fmoA

 These Particles Flow Upstream Instead of Down (youtube, The Action Lab, 19.09.2020), 
https://youtu.be/kIKEG9kSplI

 Upstream Contamination by Floating Particles (youtube, Ewa Tymoszewska, 03.03.2014), 
https://youtu.be/PCKu_mwTTI0

 Upstream contamination by floating particles (youtube, Alejandro Lage Castellanos, 
07.08.2013), https://youtu.be/Jk-qAIcZk74

 Upstream Flowing Chalk Particles (youtube, Popular Science, 03.07.2013), 
https://youtu.be/L4c2E0Za7oM

 Wikipedia: Upstream contamination, https://en.wikipedia.org/wiki/Upstream_contamination
 Wikipedia: Marangoni effect, https://en.wikipedia.org/wiki/Marangoni_effect
 D. Suárez-Fontanella and A. Cabo-Montes de Oca. About the upstream contamination. Rev. 

Cubana de Fisica 36, 1, 8-14 (2019), 
http://www.revistacubanadefisica.org/RCFextradata/OldFiles/2019/v36n1/RCF_v36n1_2019_00
8.pdf 



  

Background reading
 S. Bianchini, A. Lage, T. Siu, T. Shinbrot, and E. Altshuler. Upstream contamination by floating 

particles. Proc. R. Soc. A 469, 20130067 (2013)
 S. Bianchini, A. Lage-castellanos, E. Altshuler. Upstream contamination in water pouring 

(2011), arXiv:1105.2585 [physics.flu-dyn]
 Particles defy gravity, float upstream (A. Grant, sciencenews.org, July 2, 2013), 

https://www.sciencenews.org/article/particles-defy-gravity-float-upstream
 Small Particles Can Flow Up Waterfalls, Say Tea-Drinking Physicists (V. Greenwood, 

discovermagazine.com, May 18, 2011), 
https://www.discovermagazine.com/environment/small-particles-can-flow-up-waterfalls-say-
tea-drinking-physicists

 Some particles are able to flow up small waterfalls, physicists show (B. Yirka, phys.org, May 18, 
2011), https://phys.org/news/2011-05-particles-small-waterfalls-physicists.html



  

Problem No. 11 “Ball on ferrite rod”
A ferrite rod is placed at the bottom end of a vertical tube. Apply an ac voltage, of a 
frequency of the same order as the natural frequency of the rod, to a fine wire coil 
wrapped around its lower end. When a ball is placed on top of the rod, it will start to 
bounce. Explain and investigate this phenomenon.

[GetAClass 2020]



  

Background reading
 11. Ball on Ferrite Rod (youtube, IYPT Sweden, 12.08.2023), https://youtu.be/kRrDYxms9Oc
 ข�อ 5. Ball on Ferrite Rod (3) ฟ�ส�กส
ส�ประย�ทธ
 2566 (youtube, Apisara JJ channel, 28.12.2022), 

https://youtu.be/cpSOJKn9neI
 Homemade ultrasonic transducer (youtube, Artem Kositsyn83, 21.11.2021), 

https://youtu.be/VtGQyZPDC7o
 Прыгающий шарик и динамический хаос (youtube, GetAClass - Физика в опытах и 

экспериментах, 24.09.2020), https://youtu.be/jIyoo-Rmqqw
 Longitudinal Resonance measurement on new ferrite rods (youtube, aniccame, 08.02.2014), 

https://youtu.be/dU0YO_U945c
 Wikipedia: Magnetostriction, https://en.wikipedia.org/wiki/Magnetostriction
 Wikipedia: Ferrite core, https://en.wikipedia.org/wiki/Ferrite_core
 Wikipedia: Ferrite (magnet), https://en.wikipedia.org/wiki/Ferrite_(magnet)
 J.-Y. Chastaing, E. Bertin, and J.-C. Géminard. Dynamics of a bouncing ball. Am. J. Phys. 83, 6, 

518-524 (2015)
 S. Vogel and S. J. Linz. Regular and chaotic dynamics in bouncing ball models. Int. J. Bifurcat. 

Chaos 21, 3, 869-884 (2011)
 M. C. Vargas, D. A. Huerta, and V. Sosa. Chaos control: The problem of a bouncing ball 

revisited. Am. J. Phys. 77, 9, 857-861 (2009)
 N. B. Ekreem, A. G. Olabi, T. Prescott, A. Rafferty, and M. S. J. Hashmi. An overview of 

magnetostriction, its use and methods to measure these properties. J. Mat. Proc. Techn. 191, 1-
3, 96-101 (2007)



  

Background reading
 S. Majumdar and M. Kearney. Inelastic collapse of a ball bouncing on a randomly vibrating 

platform. Phys. Rev. E 76, 3, 031130 (2007)
 J.-C. Geminard and C. Laroche. Energy of a single bead bouncing on a vibrating plate: 

Experiments and numerical simulations. Phys. Rev. E 68, 3, 031305 (2003)
 E. Falcon, C. Laroche, S. Fauve, and C. Coste. Behavior of one inelastic ball bouncing 

repeatedly off the ground. Eur. Phys. J. B 3, 1, 45-57 (1998)
 C. R. de Oliveira and P. S. Goncalves. Bifurcations and chaos for the quasiperiodic bouncing 

ball. Phys. Rev. E 56, 4, 4868-4871 (1997)
 A. C. J. Luo and R. P. S. Han. The dynamics of a bouncing ball with a sinusoidally vibrating table 

revisited. Nonlinear Dyn. 10, 1, 1-18 (1996) 
 S. Warr, W. Cooke, R. C. Ball, and J. M. Huntley. Probability distribution functions for a single-

particle vibrating in one dimension: Experimental study and theoretical analysis. Physica A 
231, 4, 551-574 (1996)

 S. Warr and J. M. Huntley. Energy input and scaling laws for a singleparticle vibrating in one-
dimension. Phys. Rev. E 52, 5, 5596-5601 (1995)

 J.-M. Luck and A. Mehta. Bouncing ball with a finite restitution: Chattering, locking, and chaos. 
Phys. Rev. E 48, 5, 3988-3997 (1993)

 K. P. Ivanov and G. N. Georgiev. Some properties of the circular waveguide with azimuthally 
magnetized ferrite. J. Appl. Phys. 67, 10, 6529-6537 (1990)

 R. Sondergaard, K. Chaney, and C. E. Brennen. Measurements of solid spheres bouncing off flat 
plates. J. Appl. Mech.-T ASME 57, 3, 694-699 (1990)



  

Background reading
 N. B. Tufillaro and A. M. Albano. Chaotic dynamics of a bouncing ball. Am. J. Phys. 54, 10, 939-

944 (1986)
 J. Reed. Energy losses due to elastic wave propagation during an elastic impact. J. Phys. D 

Appl. Phys. 18, 12, 2329-2337 (1985)
 P. J. Holmes. The dynamics of repeated impacts with a sinusoidally vibrating table. J. Sound 

Vib. 84, 2, 173-189 (1982)
 F. W. Schott, T. F. Tao, and R. A. Freibrun. Electromagnetic waves in longitudinally magnetized 

ferrite rods. J. Appl. Phys. 38, 7, 3015-3022 (1967)
 R. M. Bozorth, E. F. Tilden, and A. J. Williams. Anisotropy and magnetostriction of some ferrites. 

Phys. Rev. 99, 6, 1788-1798 (1955)
 J. P. A. Tillett. A study of the impact of spheres on plates. Proc. Phys. Soc. B 67, 9, 677-688 

(1954)
 C. W. Diethelm. Ferrite als magnetostriktive Resonatoren und deren Anwendung als Elemente 

elektrischer Filter (ETH Zürich, Promotionsarbeit, 1951), 
https://www.mikrocontroller.net/attachment/265504/Ferrite_als_magnetostriktive_Resonatoren
_eth-32736-02.pdf

 G. Bulai and O. F. Caltun. 33 - Magnetostriction effects in ferrites. In: Ferrite Nanostructured 
Magnetic Materials Technologies and Applications (Woodhead Publishing Series in Electronic 
and Optical Materials, 2023), pp. 651-667

 A. Stadler. Radiated magnetic field of a low-frequency ferrite rod antenna. Proc. 7th Int. Conf.-
Workshop Compatibility and Power Electronics (CPE) (2011)



  

Background reading
 Magnetostriction (libretexts.org), 

https://eng.libretexts.org/Bookshelves/Materials_Science/Supplemental_Modules_(Materials_Sci
ence)/Magnetic_Properties/Magnetostriction

 Jumping beads - A model for phase transitions and instabilities (10 points) (IPhO 2016, 
Experiment, 2016), 
https://cpho.pku.edu.cn/__local/A/71/21/977FCF8F558B6391CCC53AFA4EE_8D441BBB_70311.
pdf?e=.pdf



  

Problem No. 12 “Rice kettlebells”
Take a vessel and pour some granular material into it, for exampleI rice. If you dip e.g. 
a spoon into it, then at a certain depth of immersion, you can lift the vessel and 
contents by holding the spoon. Explain this phenomenon and explore the relevant 
parameters of the system.

[TheDadLab 2018]



  

Background reading
 Rice kettlebells demonstration (youtube, PhasePrimal, 05.02.2023), 

https://www.youtube.com/shorts/tFJvrUjVLa4
 IYPT 2023 Problem 12 Rice Kettlebells Demonstration (youtube, CAJCS FSA, 17.10.2022), 

https://youtu.be/MBQXv_ksGPk
 12. Rice Kettlebells (IYPT 2023) (youtube, Fenix Science Club, 09.08.2022), 

https://youtu.be/m6T08bwYHhE
 Science At Play: Friction Rice (youtube, Connecticut Science Center, 02.12.2020), 

https://youtu.be/ny9pXhK-rHg
 Flying Circus of Physics: Rice Lifting (Episode 4.4) (youtube, The Flying Circus of Physics, 

19.12.2018), https://youtu.be/tmtoMETbpfc
 Friction Experiment with Rice in A Bottle | Kids Science (youtube, TheDadLab, 28.11.2018), 

https://youtu.be/g0ehYKswgFk
 Floating Rice with Friction Experiment (Floating Rice Bottle) (youtube, Kids Fun Science, 

09.06.2017), https://youtu.be/qoGzk9GdnQQ
 How to demonstrate friction using rice (youtube, Fizzics Education, 12.02.2016), 

https://youtu.be/vn9fKJc1jkE
 Levitate a bottle of rice with science (youtube, Imagination Station Toledo, 29.07.2013), 

https://youtu.be/tKIoZOY8SpI
 Floating Rice Bottle - Sick Science! #116 (youtube, Sick Science!, 27.11.2012), 

https://youtu.be/_oJ_Kg30ULU



  

Background reading
 Wikipedia: Jamming (physics), https://en.wikipedia.org/wiki/Jamming_(physics)
 Wikipedia: Ellipsoid packing, https://en.wikipedia.org/wiki/Ellipsoid_packing
 Wikipedia: Packing problems, https://en.wikipedia.org/wiki/Packing_problems
 Wikipedia: Kepler conjecture, https://en.wikipedia.org/wiki/Kepler_conjecture
 Wikipedia: Random close pack, https://en.wikipedia.org/wiki/Random_close_pack
 Wikipedia: Coordination number, https://en.wikipedia.org/wiki/Coordination_number
 P. Jalali, Y. Zhao, and J. E. S. Socolarb. Static and dynamic features of granular material failure 

due to upward pulling of a buried sphere by a slowly increasing force. Soft Matter 17, 10, 2832-
2839 (2021)

 S. Mahajan, M. Tennenbaum, S. N. Pathak, D. Baxter, X. Fan, P. Padilla, C. Anderson, A. 
Fernandez-Nieves, and M. Pica Ciamarra. Reverse Janssen effect in narrow granular columns. 
Phys. Rev. Lett. 124, 12, 128002 (2020), arXiv:2005.14404 [cond-mat.soft]

 F. Okubo and H. Katsuragi. Force chain structure in a rod-withdrawn granular layer (2020), 
arXiv:2012.10829 [cond-mat.soft]

 T. Furuta, S. Kumar, K. A. Reddy, H. Niiya and H. Katsuragi. Packing-dependent granular friction 
exerted on a rod withdrawn from a granular layer: the role of shear jamming. New J. Phys. 21, 
023001 (2019)

 R. P. Behringer and B. Chakraborty. The physics of jamming for granular materials: A review. 
Rep. Prog. Phys. 82, 012601 (2018)

 S. V. Franklin. Geometric cohesion in granular materials. Phys. Today 65, 9, 70-71 (2012)



  

Background reading
 S. Li, J. Zhao, P. Lu, and Y. Xie. Maximum packing densities of basic 3D objects. Chin. Sci. Bull. 

55, 2, 114-119 (2010)
 S. Torquato and F. H. Stillinger. Jammed hard-particle packings: From Kepler to Bernal and 

beyond. Rev. Mod. Phys. 82, 3, 2633-2672 (2010), arXiv:1008.2982 [cond-mat.stat-mech]
 A. Mehta, G. C. Barker, and J.-M. Luck. Heterogeneities in granular materials. Phys. Today 62, 5, 

40-45 (2009)
 C. Song, P. Wang, and H. A. Makse. A phase diagram for jammed matter. Nature 453, 629-632 

(2008), arXiv:0808.2196 [cond-mat.soft]
 A. Donev, R. Connelly, F. H. Stillinger, and S. Torquato. Hypoconstrained jammed packings of 

nonspherical hard particles: Ellipses and Ellipsoids. Phys. Rev. E 75, 5, 051304 (2007), 
arXiv:cond-mat/0608334 [cond-mat.mtrl-sci]

 M. P. Ciamarra, A. Coniglio, and M. Nicodemi. Thermodynamics and statistical mechanics of 
dense granular media. Phys. Rev. Lett. 97, 15, 158001 (2006)

 W. Man, A. Donev, F. H. Stillinger, M. T. Sullivan, W. B. Russel, D. Heeger, S. Inati, S. Torquato, 
and P. M. Chaikin. Experiments on random packings of ellipsoids. Phys. Rev. Lett. 94, 19, 
198001 (2005)

 A. Donev, I. Cisse, D. Sachs, E. A. Variano, F. H. Stillinger, R. Connelly, S. Torquato, and P. M. 
Chaikin. Improving the density of jammed disordered packings using ellipsoids. Science 303, 
990-993 (2004)

 A. Donev, F. H. Stillinger, P. M. Chaikin, and S. Torquato. Unusually dense crystal packings of 
ellipsoids. Phys. Rev. Lett. 92, 25, 255506 (2004)



  

Background reading
 I. Albert, P. Tegzes, B. Kahng, R. Albert, J. G. Sample, M. Pfeifer, A.-L. Barabási, T. Vicsek, and P. 

Schiffer. Jamming and fluctuations in granular drag. Phys. Rev. Lett. 84, 22, 5122-5125 (2000)
 M. E. Cates, J. P. Wittmer, J.-P. Bouchaud, and P. Claudin. Jamming, force chains, and fragile 

matter. Phys. Rev. Lett. 81, 9, 1841-1844 (1998)
 A. J. Liu and S. R. Nagel. Jamming is not just cool any more. Nature 396, 21-22 (1998), 

https://condor.wesleyan.edu/gvoth/phys573/jamming.pdf
 V. K. Horváth, I. M. Jánosi, and P. J. Vella. Anomalous density dependence of static friction in 

sand. Phys. Rev. E 54, 2, 2005-2009 (1996)
 H. M. Jaeger, S. R. Nagel, and R. P. Behringer. The physics of granular materials. Phys. Today 

49, 4, 32-38 (1996), https://pdodds.w3.uvm.edu/files/papers/others/1996/jaeger1996a.pdf
 C. F. Jenkin. The pressure exerted by granular material: an application of the principles of 

dilatancy. Proc. R. Soc. A 131, 816, 53-89 (1931)
 Y. Zhang. Pull-out experiment in granular material (PhD thesis, Duke Univ., 2018), 

https://dukespace.lib.duke.edu/dspace/handle/10161/17433
 RICE QUICKSAND (roundthornscience.wordpress.com, 2020), 

https://roundthornscience.wordpress.com/2020/11/17/rice-quicksand/
 Some Granular Columns Weigh Too Much (physics.aps.org, 2020), 

https://physics.aps.org/articles/v13/46
 Science At Play: Friction Rice (Aoife Ryle & Justin Riely, ctsciencecenter.org, December 2, 

2020), https://ctsciencecenter.org/blog/science-at-play-friction-rice/



  

Background reading
 #TryThisTuesday: Rice Bottle (blogs.ncl.ac.uk, 29th August 2017), 

https://blogs.ncl.ac.uk/stem/tag/friction/
 Particle shape effects (Farhang RADJAI, lmgc.univ-montp2.fr), https://www.lmgc.univ-

montp2.fr/perso/franck-radjai/research/particle-shape-effects/



  

Problem No. 13 “Ponyo's heat tube”
A glass tube with a sealed top is filled with water and mounted vertically. The bottom 
end of the tube is immersed in a beaker of water and a short segment of the tube is 
heated. Investigate and explain the periodic motion of the water and any vapour 
bubbles observed.

[GetAClass 2021]





  



  

Background reading
 Ponyo's Heat Tube (youtube, IYPT Sweden, 12.08.2023), https://youtu.be/8IHsZwFndEw
 ข�อ 7. Ponyo's Heat Tube //2 ฟ�ส�กส
ส�ประย�ทธ
 2566 (youtube, Apisara JJ channel, 28.12.2022), 

https://youtu.be/ARBE5E7_OSg
 IMG 0540 (youtube, MCS-Juniorakademie, 12.09.2022), https://youtu.be/VD00BmaRWAU
 13. Ponyo's Heat Tube (IYPT 2023) (youtube, Fenix Science Club, 20.08.2022), 

https://youtu.be/rwWUn9Rsd7A
 Pop-Pop Boats Are Weirder Than You Think (youtube, Steve Mould, 31.05.2022), 

https://youtu.be/3AXupc7oE-g
 Пульсирующая тепловая трубка (youtube, GetAClass - Физика в опытах и экспериментах, 

09.10.2021), https://youtu.be/NKNYKW-PNyA
 Wikipedia: Pop pop boat, https://en.wikipedia.org/wiki/Pop_pop_boat
 Wikipedia: Moteur pop-pop, http://fr.wikipedia.org/wiki/Moteur_pop-pop
 Wikipedia: Relaxation oscillator, https://en.wikipedia.org/wiki/Relaxation_oscillator
 V. S. Nikolayev. Physical principles and state-of-the-art of modeling of the pulsating heat pipe: 

A review. Appl. Therm. Engin. 195, 117111 (2021)
 M. Rao, F. Lefèvre, S. Khandekar, and J. Bonjour. Heat and mass transfer mechanisms of a self-

sustained thermally driven oscillating liquid–vapour meniscus. Int. J. Heat Mass Transf. 86, 519-
530 (2015)

 Y. Zhang and A. Faghri. Advances and unsolved issues in pulsating heat pipes. Heat Transf. 
Eng. 29, 1, 20-44 (2008)



  

Background reading
 R. J. Dijkink, J. P. van der Dennen, C. D. Ohl, and A. Prosperetti. The 'acoustic scallop': a bubble-

powered actuator. J. Micromech. Microeng. 16, 8, 1653-1659 (2006)
 R. T. Dobson. Theoretical and experimental modelling of an open oscillatory heat pipe 

including gravity. Int. J. Therm. Sci. 43, 2, 113-119 (2004)
 H. R. Crane. The Pop-Pop boat. Phys. Teach. 35, 3, 176-177 (1997)
 H. J. Schlichting und B. Rodewald. Physicalische Phänomene am Dampf-Jet-Boot. Praxis der 

Naturwissenschaften, Physik 39/8, 19 (1990), 
http://www.unimuenster.de/imperia/md/content/fachbereich_physik/didaktik_physik/publikation
en/dampfjetboot_neu.pdf, https://www.klangspiel.ch/boat_physics/pdf/dampfjetboot.pdf

 I. Finnie and R. L. Curl. Physics in a toy boat. Am. J. Phys. 31, 4, 289-293 (1963), 
http://web.archive.org/web/20100720025700/http://engineering.union.edu/~andersoa/mer439/
puttputtpropulsion3.pdf

 R. S. Mackay. Boat driven by thermal oscillations. Am. J. Phys. 26, 8, 583-584 (1958)
 J. S. Miller. Physics in a toy boat. Am. J. Phys. 26, 3, 199 (1958)
 Making a Ponyo boat (ycombinator.com, June 25, 2011), https://news.ycombinator.com/item?

id=2695787
 Knatterboot (Andre Adrian, andreadrian.de, 6.Mrz.2010), 

http://www.andreadrian.de/knatterboot/
 Putt-Putt-Boot (wundersamessammelsurium.info, 2006), 

http://www.wundersamessammelsurium.info/warmes/putt_putt_boot/index.html



  

Background reading
 Angebo(o)t (phantasia-versand.com, 2005), 

https://web.archive.org/web/20130721110421/http://www.phantasia-
versand.com/resources/Boots-Angeboot+4-2005.pdf

 Peter Märki. Physikalischer Hintergrund (klagenspiel.ch), 
http://www.klangspiel.ch/boat_physics/

 Marc Horovitz. Build a pop-pop boat (nmia.com), http://www.nmia.com/~vrbass/pop-
pop/buildpop.htm, http://www.nmia.com/~vrbass/pop-pop/

 Make a Ponyo Putt Putt (Pop Pop) boat (sciencetoymaker.org), 
http://www.sciencetoymaker.org/boat/index.htm, 
http://www.sciencetoymaker.org/boat/patents.html

 Pop pop boats (poppopman.co.uk), http://www.poppopman.co.uk/
 Site des Pop-Pop (pop-pop.fr), http://www.pop-pop.fr/
 Désiré Thomas Piot (waterocket.explorer.free.fr), http://waterocket.explorer.free.fr/piot.htm



  

Problem No. 14 “Jet refraction”
A vertical jet can be refracted when passing through an inclined sieve with a fine 
mesh. Propose a law for such refraction and investigate relevant parameters.

[Кипящий лёд 2023]



  

Background reading
 ข�อ 8. Jet Refraction //2 ฟ�ส�กส
ส�ประย�ทธ
 2566 (youtube, Apisara JJ channel, 28.12.2022), 

https://youtu.be/b4dvyMNbTSM
 14. Jet Refraction (IYPT 2023) (youtube, Fenix Science Club, 11.08.2022), 

https://youtu.be/a7kJr-yj0VI
 Jet Refraction | IYPT 2023 (youtube, Artem Golomolzin, 19.07.2022), 

https://youtu.be/6LBgh48lQuo
 А. М. Вайсман и М. А. Гольдштик. Динамическая модель движения жидкости в пористой 

среде // Изв. АН СССР. МЖГ. №6, с. 89-95 (1978), https://mzg.ipmnet.ru/ru/get/1978/6/89-95
 A. M. Vaisman and M. A. Gol'dshtik. Flow through a thin porous layer (grid). Fluid Dyn. 13, 4, 

545-550 (1978)
 V. Tesař. Flow "reflexion" and "refraction" on perforated wall. EPJ Web of Conferences 213, 

02085 (2019), https://www.epj-
conferences.org/articles/epjconf/pdf/2019/18/epjconf_efm18_02085.pdf



  

Problem No. 15 “Pancake rotation”
Place a few balls in a round container. If you move the container around a vertical axis, 
the balls can move co-directionally with the movement of the container, or they can 
move in the opposite direction. Explain this phenomenon and investigate how the 
direction of movement depends on relevant parameters.

[Numberphile 2016]



  

Background reading
 ข�อ 9. Pancake Rotation //2 ฟ�ส�กส
ส�ประย�ทธ
 2566 (youtube, Apisara JJ channel, 29.12.2022), 

https://youtu.be/OKgFSRGjvXY
 IYPT 2023 Problem 15 Pancake Rotation Demonstration (youtube, CAJCS FSA, 12.11.2022), 

https://youtu.be/II_FUdLZJw4
 15. Pancake Rotation (IYPT 2023) (youtube, Fenix Science Club, 13.09.2022), 

https://youtube.com/shorts/qZymQFDiuO0
 15. Pancake Rotation (IYPT 2023) (youtube, Fenix Science Club, 13.09.2022), 

https://youtu.be/VyuIRd2Pww4
 PANCAKE EFFEKT erstmals gelöst [Compact Physics] (youtube, CompactPhysics, 15.09.2019), 

https://youtu.be/7gauIogGHZ4
 Research sheds light on the transition from liquid to solid in macroscopic particles (youtube, 

Harvard John A. Paulson School of Engineering and Applied Sciences, 29.08.2019), 
https://youtu.be/TwqnNJ1pPJM

 A Strange Change of Rotation - Numberphile (youtube, Numberphile, 14.08.2016), 
https://youtu.be/QFeG9CeeH88

 Wikipedia: Frictional contact mechanics, 
https://en.wikipedia.org/wiki/Frictional_contact_mechanics

 L. M. Lee, J. P. Ryan, Y. Lahini, M. Holmes-Cerfon, and S. M. Rubinstein. Geometric frustration 
induces the transition between rotation and counterrotation in swirled granular media. Phys. 
Rev. E 100, 1, 012903 (2019)



  

Background reading
 A. Feltrup, K. Huang, C. A. Krülle, and I. Rehberg. The rotation-reptation transition under 

broken rotational symmetry. Eur. Phys. J. Special Topics 179, 1, 19-24 (2009)
 M. A. Scherer, K. Kötter, M. Markus, E. Goles, and I. Rehberg. Swirling granular solidlike 

clusters. Phys. Rev. E 61, 4, 4069-4077 (2000)
 M. A. Scherer, V. Buchholtz, T. Pöschel, and I. Rehberg. Swirling granular matter: From rotation 

to reptation. Phys. Rev. E 54, 5, R4560-R4563 (1996), arXiv:cond-mat/0203437 [cond-mat.stat-
mech]

 Solving the pancake problem: Research sheds light on the transition from liquid to solid in 
macroscopic particles (Leah Burrows, harvard.edu, August 29, 2019), 
https://seas.harvard.edu/news/2019/08/solving-pancake-problem



  

Problem No. 16 “Thermoacoustic engine”
A piston placed in the open end of a horizontal test tube which has its other end 
partially filled with steel wool may oscillate when the closed end is heated up. 
Investigate the phenomenon and determine the efficiency of this engine.

[Бобры 2023]



  

Background reading
 Thermoacoustic engine (youtube, IYPT Sweden, 12.08.2023), https://youtu.be/jvQLCGidnMY
 Thermo Acoustic Stirling Engine - Simply Genius (4K) (youtube, tsbrownie, 13.03.2023), 

https://youtu.be/TEiBScfR4Vk
 Поющая пробирка (youtube, GetAClass - Физика в опытах и экспериментах, 18.01.2023), 

https://youtu.be/l0d8fyReksc
 This Engine Runs On Sound Waves! (youtube, The Action Lab, 01.11.2022), 

https://youtu.be/xCnxsoXtlmY
 Simple thermoacoustic engine (youtube, grain shorts, 08.07.2021), 

https://youtu.be/2cfKn5Y5HaI
 Thermoacoustic Engine/ Old Boy (youtube, Hein Wonneby, 13.04.2021), 

https://youtu.be/7KPszsp8o9s
 Acoustic Energy & Surprising Ways To Harness It (Intro To Thermoacoustics) (youtube, 

NightHawkInLight, 23.01.2021), https://youtu.be/abswNCqnMRQ
 DIY Thermoacoustic Stirling Engine (youtube, Liberman, 08.01.2021), 

https://youtu.be/seIHO5XO5kM
 Thermoacoustic Stirling Engine Demo (youtube, Stirling, 15.06.2020), 

https://youtu.be/OhEUZASZaEI
 Two-syringe Stirling engine (youtube, grain, 31.10.2019), https://youtu.be/WveUW82tIhg
 Simplest Stirling Engine (youtube, Ludic Science, 11.09.2019), https://youtu.be/upDfoQ05BoM
 How to make a Thermoacoustic Engine (youtube, grain, 21.11.2018), 

https://youtu.be/J4JAil3R72k



  

Background reading
 The Thermoacoustic Engine & How It Works - 6th grade science project (youtube, Making 

Science Fun, 02.02.2017), https://youtu.be/BxYe1QBK3BE
 The Thermoacoustic Engine & How It Works (youtube, YTEngineer, 07.10.2016), 

https://youtu.be/ErlvMZI0tlA
 DIY Steel wool thermoacoustic engine (youtube, Institut d'Acoustique Graduate School - 

IAGSLeMans, 14.09.2016), https://youtu.be/owbjLWrC86g
 Thermo Acoustic Engine (youtube, Grand Illusions, 14.01.2013), 

https://youtu.be/wg96lDw7sNw
 Wikipedia: Stirling engine, https://en.wikipedia.org/wiki/Stirling_engine
 Wikipedia: Thermoacoustic heat engine, 

https://en.wikipedia.org/wiki/Thermoacoustic_heat_engine
 J. Kajurek and A. Rusowicz. Experimental investigation on the thermoacoustic effect in easily 

accessible porous materials. Energies 14, 1, 83 (2021)
 A. M. Tasnádi. Thermoacoustics as a tool for teaching thermodynamics in secondary schools. 

Can. J. Phys. 98, 6, 606-611 (2020), 
https://tspace.library.utoronto.ca/bitstream/1807/100651/1/cjp-2019-0467.pdf

 C. Olivier, G. Poignand, and G. Pénelet. Do it yourself: Make your own thermoacoustic engine 
with steel wool or rice. Eur. J. Phys. 38, 015101 (2017)

 A. W. Avent and C. R. Bowen. Principles of thermoacoustic energy harvesting. Eur. Phys. J. 
Special Topics 224, 2967-2992 (2015)



  

Background reading
 A. Jeromen. A simplified thermoacoustic engine demonstration. Am. J. Phys. 71, 5, 496-499 

(2003)
 J. R. Belcher, W. V. Slaton, R. Raspet, H. E. Bass, and J. Lightfoot. Working gases in 

thermoacoustic engines. J. Acoust. Soc. Am. 105, 5, 2677-2684 (1999)
 G. W. Swift. Thermoacoustic engines. J. Acoust. Soc. Am. 84, 4, 1145-1180 (1988)
 G. W. Swift. Thermoacoustics: A unifying perspective for some engines and refrigerators 

(Springer, 2017)



  

Problem No. 17 “Arrester bed”
A sand-filled lane results in the dissipation of the kinetic energy of a moving vehicle. 
What length is necessary for such an arrester bed to entirely stop a passively moving 
object (e.g. a ball)? What parameters does the length depend on?

[Jordi Escuer 2011]



  

Background reading
 17. Arrester Bed (youtube, IYPT Sweden, 12.08.2023), 

https://www.youtube.com/shorts/HEsMSwgZc0I
 IYPT 2023 Arrester Bed (youtube, IYPT Sweden, 12.08.2023), https://youtu.be/SfsieGYiL3c
 ข�อ 10. Arrester Bed //2 ฟ�ส�กส
ส�ประย�ทธ
 2566 (youtube, Apisara JJ channel, 28.12.2022), 

https://youtu.be/50QDbQxdqac
 Trucks without brakes | Runaway truck ramp (youtube, Engineering and architecture, 

02.02.2021), https://youtu.be/C0BxORWTD7s
 Friction and Smoothness of a Surface - Activity - Class 8 (youtube, Uniclass Content, 

20.05.2015), https://youtu.be/N0bYMCqjqNo
 Why They Have Arrester Beds Before Toll Gates (youtube, Paul Maynes, 29.11.2012), 

https://youtu.be/LcW3v40qDuU
 Wikipedia: Rolling resistance, https://en.wikipedia.org/wiki/Rolling_resistance
 Y.-J. Shin, J.-S. Jeong, C.-W. Jun, and J.-H. Sohn. Interacting analysis between wheel and sand 

particles based on DEM and its validation with experiments. J. Mech. Sci. Tech. 34, 11, 4537-
4544 (2020)

 B. Darbois Texier, A. Ibarra, F. Vivanco, J. Bico, and F. Melo. Friction of a sphere rolling down a 
granular slope. Europhys. Lett. 123, 5, 54005 (2018)

 J. Mingjing, D. Yongsheng, C. Liang, and X. Banglu. Experimental and DEM analyses on wheel-
soil interaction. J. Terramech. 76, 15-28 (2018)

 L. Minkin and D. Sikes. Coefficient of rolling friction - Lab experiment. Am. J. Phys. 86, 1, 77-78 
(2018)



  

Background reading
 S. Van wal, S. Tardivel, P. Sánchez, D. Djafari-Rouhani, and D. Scheeres. Rolling resistance of a 

spherical pod on a granular bed. Granular Matter 19, 17 (2017)
 R. Cross. Origins of rolling friction. Phys. Educ. 52, 055001 (2017)
 K. J. Burns, N. J. Balmforth, and I. J. Hewitt. Rolling resistance of shallow granular deformation. 

Proc. R. Soc. A 473, 2207, 20170375 (2017)
 A. Recuero, R. Serban, B. Peterson, H. Sugiyama, P. Jayakumar, and D. Negrut. A high-fidelity 

approach for vehicle mobility simulation: Nonlinear finite element tires operating on granular 
material. J. Terramech. 72, 39-54 (2017)

 F. C. Ciornei, S. Alaci, V. I. Ciogole, and M. C. Ciornei. Valuation of coefficient of rolling friction 
by the inclined plane method. IOP Conf. Ser.: Mater. Sci. Eng. 200, 012006 (2017)

 J. B. Johnson, A. V. Kulchitsky, P. Duvoy, K. Iagnermma, C. Senatore, R. E. Arvidson, and J. 
Moore. Discrete element method simulations of Mars Exploration Rover wheel performance. J. 
Terramech. 62, 31-40 (2015)

 J. O'Kins, J. Madsen, D. Negrut, A. Seidl, P. Ayers, G. Bozdech, J. Freeman, and A. Reid. A 
physics-based vehicle/terrain interaction model for soft soil off-road vehicle simulations. SAE 
Int. J. Commer. Veh. 5, 1, 280-290 (2012)

 M. Omidvar, M. Iskander, and S. Bless. Stress-strain behavior of sand at high strain rates. Int. J. 
Impact Engineering 49, 192-213 (2012)

 F. V. De Blasio and M.-B. Saeter. Rolling friction on a granular medium. Phys. Rev. E 79, 2, 
022301 (2009)



  

Background reading
 B. Coutermarsh. Velocity effect of vehicle rolling resistance in sand. J. Terramech. 44, 4, 275-

291 (2007)
 T. Pöschel, T. Schwager, and N. V. Brilliantov. Rolling friction of a hard cylinder on a viscous 

plane. Eur. Phys. J. B 10, 1, 169-174 (1999), arXiv:cond-mat/9809053 [cond-mat.mtrl-sci]
 Y. P. Vaid and A. Sayao. Proportional loading behaviour of sand under multiaxial stresses. Soils 

Found. 35, 3, 23-29 (1995)
 J. Hierrezuelo and C. Carnero. Sliding and rolling: the physics of a rolling ball. Phys. Educ. Phys. 

Educ. 30, 3, 177-182 (1995)
 B. V. Derjaguin and Yu. P. Toporov. Influence of adhesion on the sliding and rolling friction. 

Progr. Surface Sci. 45, 1-4, 317-327 (1994)
 C. Carnero, J. Aguiar, and J. Hierrezuelo. The work of the frictional force in rolling motion. Phys. 

Educ. 28, 4, 225-227 (1993)
 D. Negussey and Y. P. Vaid. Sand deformation under proportional loading. Can. Geotech. J. 23, 

2, 155-163 (1986)
 R. G. Pope. The effect of wheel speed on rolling resistance. J. Terramech. 8, 1, 51-58 (1971)
 K. J. Burns, N. J. Balmforth, and I. J. Hewitt. Rolling resistance on sand (2017), 

https://personal.math.ubc.ca/~njb/Research/rollit.pdf
 M. G. Bekker. Theory of land locomotion: the mechanics of vehicle mobility (Univ. of Michigan 

Press, Ann Arbor, 1956)



  



  

 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
 regard their work critically,
 look deeper,
 have a better background knowledge,
 be skeptical in embedding their projects into the standards of professional research,
 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

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

Important information



  

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?

 Is IYPT all about competing, or about developing professional personal standards?



  

Requirements for a successful IYPT 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 
is, 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)



  

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 2023, or plan bringing together the Kit for 
2024, good editions may be completed earlier

 It would be of benefit for everybody,
 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”

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

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

 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

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



Cheers to IYPT Memes!



  

Ilya Martchenko 1 * and Nikita Chernikov 2

1 Foundation for Youth Tournaments
2 Novosibirsk State University
 

July 26, 2022…December 28, 2023

* http://kit.ilyam.org

Preparation to 36th IYPT’ 2023:
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Enhanced edition // December 28, 2023
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