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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 “Invent yourself”
Create a non-invasive device that determines the direction of fluid flow inside an 
opaque pipe. Optimise your device so that you can measure the smallest flow possible. 

[Tom Borton 2005]



  

Background reading
 Doppler vs Transit Time - Let's talk Ultrasonic Flow Meters (youtube, OMEGA Engineering, 

11.06.2019), https://youtu.be/NQWNYARWmB8
 Ultrasonic flow measurement principle (youtube, Siemens, 24.04.2017), 

https://youtu.be/DD2bBLu6kLM
 The Ultrasonic Flow Measuring Principle (youtube, Endress+Hauser, 15.07.2009), 

https://youtu.be/Bx2RnrfLkQg
 Wikipedia: Flow Measurement, https://en.wikipedia.org/wiki/Flow_measurement
 Wikipedia: Ultrasonic flow meter, https://en.wikipedia.org/wiki/Ultrasonic_flow_meter
 C. Poelma. Measurement in opaque flows: a review of measurement techniques for dispersed 

multiphase flows. Acta Mech. 231, 2089-2111 (2020)
 F. Samadi, K. A. Woodbury, and J. V. Beck. Analytical solution for partial heating on the exterior 

of the pipe with application to measuring fluid flow rate. Int. J. Heat Mass Transf. 159, 120146 
(2020)

 Z. Wehbi, M. Mortada, J. Faraj, M. Ramadan, H. El Hage, A. Faraj, and M. Khaled. Heat transfer 
based flowmeter for high temperature flow rate measurements: Design, implementation and 
testing. Case Studies in Thermal Eng. 15, 100529 (2019)

 Q. Zhou, H. Zhao, Y. He, S. Li, S. Jiang, and H. Zhang. Research on mud flow rate measurement 
method based on continuous doppler ultrasonic wave. Int. J. Optics 4750290 (2017)

 K. Tsukada and H. Kikura. Flowrate measurement on metal pipes by air-coupled ultrasound. 
Int. J. Comput. Methods Exp. Meas. 4, 4, 583-593 (2016), 
https://www.witpress.com/Secure/ejournals/papers/CMEM040422f.pdf



  

Background reading
 L. C. Lynnworth and Y. Liu. Ultrasonic flowmeters: Half-century progress report, 1955-2005. 

Ultrasonics 44, supp., e1371-e1378 (2006)
 H.-L. Zhu and Z. Min. A new simple non-invasive method for flow measurement. Meas. Control 

32, 6, 178-180 (1999)
 R. A. Furness and J. E. Heritage. Commercially available flowmeters and future trends. Meas. 

Control 19, 5, 25-35 (1986)
 A. Shiozaki, S. Senda, A. Kitabatake, M. Inoue, and H. Matsuo. A new modulation method with 

range resolution for ultrasonic Doppler flow sensing. Ultrasonics 17, 6, 269-275 (1979)
 M. Jose da Silva. Impedance sensors for fast multiphase flow measurement and imaging (PhD 

thesis, Technische Universität Dresden, 2008), https://d-nb.info/992681979/34
 Flow Meter Types & Their Functions (blue-white.com, June 2, 2023), https://www.blue-

white.com/article/flow-meter-types-their-functions/
 Ultrasound Flow Measurement: How it Works (soundwatertech.com, April 8, 2020), 

https://www.soundwatertech.com/news/how-ultrasound-flow-measurement-works
 How an Ultrasonic Flow Meter Works (John, sierrainstruments.com, Dec 05, 2017), 

https://www.sierrainstruments.com/blog/?ultrasonic-flow-meter-works
 H. H. Bengtson. Flow Measurements in Pipes and Ducts (cedengineering.com), 

https://www.cedengineering.com/userfiles/M04-040%20-%20Flow%20Measurement%20in
%20Pipes%20and%20Ducts%20-%20US.pdf

 Flow Meters for Liquid Flow in Pipes (rshydro.co.uk), https://www.rshydro.co.uk/liquid-pipe-
flowmeters/



  

Background reading
 What is a Thermal Mass Flow Meter? (omega.com), https://www.omega.com/en-

us/resources/thermal-mass-flow-working-principle-theory-and-design
 Clamp On Heat Meters (rshydro.co.uk), https://www.rshydro.co.uk/flow-meters/heat-meters/
 What is an Ultrasonic Flow Meter? (omega.com), https://www.omega.com/en-

us/resources/ultrasonic-flow-meters
 Ultrasonic Doppler and Time of Flight Velocity and Volume Flow Meters 

(engineeringtoolbox.com), https://www.engineeringtoolbox.com/ultrasonic-doppler-flow-meter-
d_495.html

 Ultrasonic Acoustic Sensing (Thomas Dean, brown.edu), 
https://cs.brown.edu/people/tdean/courses/cs148/02/sonar.html



  

Problem No. 2 “Rayleigh disk”
A disk suspended vertically by a thin thread is placed in an acoustic field. This device 
can be used to measure the intensity of sound by turning about the axis of the thread. 
Investigate the accuracy of such a device.

[wesphysdemo 2020]



  

Background reading
 Диск Рэлея (youtube, GetAClass - Физика в опытах и экспериментах, 16.07.2020), 

https://youtu.be/8Kj-rxDbKmM
 2C20.54 Rayleigh's Disk (youtube, wesphysdemo, 20.02.2020), https://youtu.be/0W-IxTZksQ4
 J. Awatani. Anomalous behavior of Rayleigh disk for high‐frequency waves. J. Acoust. Soc. Am. 

28, 2, 297-301 (1956)
 J. L. Simonds and R. Heller. The initial‐throw method of operation of a Rayleigh disk. J. Acoust. 

Soc. Am. 25, 1, 157-158 (1953)
 W. West. The accuracy of measurements by Rayleigh disc. Proc. Phys. Soc. B 62, 437-444 

(1949)
 J. Hartmann and T. Mortensen. XLVI. A comparison of the Rayleigh Disk and the Acoustic 

Radiometer Methods for the measurement of sound- wave energy. Phil. Mag. 292, 377-394 
(1948)

 R. A. Scott. An investigation of the performance of the Rayleigh disk. Proc. R. Soc. A 183, 994, 
296-316 (1945)

 H. H. Roseberry and W. C. Smith. The Rayleigh disk as a laboratory instrument. J. Acoust. Soc. 
Am. 16, 2, 123-125 (1944)

 A. B. Wood. A correction to the theory of the Rayleigh disc as applied to the measurement of 
sound-intensity in water. Proc. Phys. Soc. 47, 5, 779-793 (1935)

 C. H. Skinner. Anomalous action of the Rayleigh disk. Phys. Rev. 27, 3, 346-350 (1926)
 H. Stiles. The use of the Rayleigh disk in the determination of relative sound intensities. Proc. 

Iowa Acad. Sci. 20, 1, 279-281 (1913)



  

Background reading
 G. W. Stewart and H. Stiles. A method of producing known relative sound intensities and a test 

of the Rayleigh disk. Phys. Rev. 1, 4, 309-315 (1913)
 Rayleigh. XXI. On an instrument capable of measuring the intensity of aerial vibrations. Phil. 

Mag. 14, 186-187 (1882)
 The history of audio and sound measurement (K. Clark, proaudioencyclopedia.com, May 31, 

2015), http://proaudioencyclopedia.com/the-history-of-audio-and-sound-measurement/
 Physics Fair Experiments. 29. Rayleigh-disk (cern.ch), https://outreach-

old.web.cern.ch/public/nl/physics_fair/Exp29.html
 The Rayleigh Disk (N. H. Crowhurst, vias.org), 

http://www.vias.org/crowhurstba/crowhurst_basic_audio_vol1_070.html



  

Problem No. 3 “Ring on the rod”
A washer on a vertical steel rod may start spinning instead of simply sliding down. 
Study the motion of the washer and investigate what determines the terminal velocity.

[GetAClass 2021]



  

Background reading
 Ring on the rod has blown my mind! � (youtube, Runqiu Ye, 24.04.2022), 

https://youtu.be/VOA27D4O92o
 Кольцо на стержне ● 2 (youtube, GetAClass - Физика в опытах и экспериментах, 

13.11.2021), https://youtu.be/m_eyPr3yOhw
 Кольцо на стержне ● 1 (youtube, GetAClass - Физика в опытах и экспериментах, 

11.11.2021), https://youtu.be/p3naBTGr1Pc
 IYPT Ring on the Rod Demonstration - Single Point Contact (youtube, Aradhya Jain, 

06.09.2021), https://youtu.be/qIGe3ycTujI
 IYPT ring on the rod demonstration (youtube, Aradhya Jain, 25.08.2021), 

https://youtu.be/IVJiNpXZI4M
 Gyro Ring in slow motion (the fidget spinner of the 90’s) (youtube, ExpertGeneralist, 

23.07.2017), https://youtu.be/eYEZ39oXDzI
 Washer on a threaded rod (youtube, GEORGE ZARIFIS, 15.09.2015), 

https://youtu.be/oD6yxsCkkpg
 DANCING WASHERS - ENGLISH - 19MB (youtube, Arvind Gupta, 14.07.2010), 

https://youtu.be/hHtkJzOU2bo
 R. Cross. Rotating ring on a vertical rod. Phys. Educ. 56, 2, 023003 (2021)
 R. Cross. Effect of friction on a hula hoop. Phys. Educ. 56, 3, 033001 (2021)
 R. Cross. ​Coulomb's law for rolling friction. Am. J. Phys. 84, 3, 221-230 (2016)



  

Background reading
 A. S. Plekhov, V. V. Kazhayev, and V. I. Erofeev. Frictional self-oscillation of a deformable 

washer interacting with a rigid rod that rotates at a constant angular velocity. Procedia Eng. 
150, 91-100 (2016)

 H. R. Crane. Chattering, the chatterring, and the hula hoop. Phys. Teach. 30, 5, 306-308 (1992)
 Vibrational Detachment of Threaded Fasteners (vimeo, Bolt Science, 07.11.2022), 

https://vimeo.com/768251071
 DYNAMICS MOVIES (H. Hunt, Cambridge Univ. Eng. Deptm), 

http://www3.eng.cam.ac.uk/~hemh1/movies.htm
 Vibrational Detachment of Threaded Fasteners (boltscience.com), 

https://www.boltscience.com/pages/VibrationalDetachmentOfFasteners.htm
 Dancing Washers (arvindguptatoys.com), http://www.arvindguptatoys.com/toys/washers.html



  

Problem No. 4 “Unsinkable disk”
A metal disk with a hole at its centre sinks in a container filled with water. When a 
vertical water jet hits the centre of the disc, it may float on the water surface. Explain 
this phenomenon and investigate the relevant parameters.

[GetAClass 2019]



  

Background reading
 Unsinkable Disk (youtube, Canadian Young Physicists’ Tournament, 03.01.2022), 

https://www.youtube.com/shorts/hkbcAut_Yj0
 Unsinkable Disk 19.80mm (youtube, Unsinkable Disk 2021, 25.12.2021), 

https://youtu.be/IIF6OzOb1RQ
 Unsinkable Disk 9.35mm (youtube, Unsinkable Disk 2021, 25.12.2021), 

https://youtu.be/gNKrhalCMmA
 Unsinkable Disk 6.55mm (youtube, Unsinkable Disk 2021, 25.12.2021), 

https://youtu.be/xpEGTOes0jM
 Unsinkable Disk 1.25mm (youtube, Unsinkable Disk 2021, 25.12.2021), 

https://youtu.be/4ll9tNIrMbs
 Unsinkable Disk 0mm (youtube, Unsinkable Disk 2021, 25.12.2021), 

https://youtu.be/bW_xH0udceU
 Unsinkable Disk tape only (youtube, Unsinkable Disk 2021, 25.12.2021), https://youtu.be/q66z-

wfByPs
 Unsinkable Disk IYPT2022 (youtube, ЭйНШтейн, 24.07.2021), https://youtu.be/Wi1K2yRbMLo
 Непотопляемый диск (youtube, GetAClass - Физика в опытах и экспериментах, 

10.05.2019), https://youtu.be/eP5_9eUjfkI
 Гидравлический прыжок (youtube, GetAClass - Физика в опытах и экспериментах, 

07.03.2019), https://youtu.be/YyvQ5Twe0kw
 K. Baranyai. Vízen lebegő rézlemez. Fizikai Szemle 4, 131-134 (2015), 

http://www.epa.hu/00300/00342/00294/pdf/EPA00342_fizikai_szemle_2015_04_131-134.pdf



  

Background reading
 H. Chanson. Current knowledge in hydraulic jumps and related phenomena. A survey of 

experimental results. Eur. J. Mech. B/Fluids 28, 2, 191-210 (2009)
 J. Eggers and E. Villermaux. Physics of liquid jets. Rep. Prog. Phys. 71, 3, 036601 (2008)
 Y. Brechet and Z. Néda. On the circular hydraulic jump. Am. J. Phys. 67, 8, 723-731 (1999)
 A. Luzin. An unsinkable disk. Quantum 10, 1, 42-43 (1999), 

https://static.nsta.org/pdfs/QuantumV10N1.pdf
 А. Лузин. Непотопляемый диск. Квант №5, 46 (1998), 

http://kvant.mccme.ru/pdf/1998/05/46.pdf
 F. J. Higuera. The circular hydraulic jump. Phys. Fluids 9, 5, 1476-1478 (1997)
 T. Bohr, C. Ellegaard, A. E. Hansen, and A. Haaning. Hydraulic jumps, flow separation and wave 

breaking: An experimental study. Physica B 228, 1-10 (1996)
 А. Н. Лузин. Демонстрация одного парадокса гидродинамики. Сиб. физ. журн. №1, 1-4 

(1995)
 Y. A. Buyevich and V. A. Ustinov. Hydrodynamic conditions of transfer processes through a 

radial jet spreading over a flat surface. Int. J. Heat Mass Transf. 37, 1, 165-173 (1994)
 F. J. Higuera. The hydraulic jump in a viscous laminar flow. J. Fluid Mech. 274, 69-92 (1994)
 R. P. Godwin. The hydraulic jump (‘shocks’ and viscous flow in the kitchen sink). Am. J. Phys. 

61, 9, 829-832 (1993)
 X. Liu and J. H. V. Lienhard. The hydraulic jump in circular jet impingement and in other thin 

liquid films. Exp. Fluids 15, 2, 108-116 (1993)



  

Background reading
 T. Bohr, P. Dimon, and V. Putkaradze. Shallow-water approach to the circular hydraulic jumps. 

J. Fluid Mech. 254, 635-648 (1993)
 A. A. M. Khalifa and J. A. McCorquodal. Simulation of the radial hydraulic jump. J. Hydraul. Res. 

30, 2, 149-163 (1992)
 R. I. Bowles and F. T. Smith. The standing hydraulic jump: Theory, computations and 

comparisons with experiments. J. Fluid Mech. 242, 145-168 (1992)
 А. Н. Лузин. Ещё раз о ложке в струе воды. Квант №10, 19 (1986)
 A. D. D. Craik, R. C. Latham, M. J. Fawkes, and P. W. F. Gribbon. The circular hydraulic jump. J. 

Fluid Mech. 112, 347-362 (1981)
 R. G. Olsson and E. T. Turkdogan. Radial spread of a liquid stream on a horizontal plate. Nature 

(London) 211, 5051, 831-816 (1966)
 E. J. Watson. The radial spread of a liquid jet over a horizontal plane. J. Fluid Mech. 20, 3, 481-

499 (1964)
 B. L. Blackford. The hydraulic jump in radially spreading flow: A new model and new 

experimental data. Am. J. Phys. 64, 2, 164-169 (1996)
 I. Michelson. Fluidic jet impingement—Analytical solution and novel physical characteristic. 

Nature 223, 610-611 (1969)



  

Problem No. 5 “Bimetallic oscillator”
A simple electric oscillator can be made using a bimetallic contact-breaker. Investigate 
the relevant parameters that affect the frequency of such an oscillator.

[Кипящий лёд 2022]



  

Background reading
 Flashing Light Prize 2017 submission: Bimetallic switch thermostat oscillator (youtube, 

pabrdotorg, 23.06.2017), https://youtu.be/MTKIRMBRZcA
 Thermal Expansion Demo: Bimetallic Strip (youtube, Physics Demos, 20.08.2016), 

https://youtu.be/82FPQ6z8vcE
 Homemade bimetallic strips - Thermostat demonstration // Homemade Science with Bruce 

Yeany (youtube, Bruce Yeany, 09.08.2016), https://youtu.be/5fI-El2kipE
 Wikipedia: Bimetallic strip, https://en.wikipedia.org/wiki/Bimetallic_strip
 A. Díaz and E. Rubio. Characterization of bimetal displacement of a 35 Ampere circuit breaker. 

Int. J. Sci. Res. Eng. Dev. 2, 3, 771-774 (2019), http://www.ijsred.com/volume2/issue3/IJSRED-
V2I3P92.pdf

 A. Arnaud, S. Boisseau, S. Monfray, O. Puscasu, G. Despesse, J. Boughaleb, Y. Sanchez, F. 
Battegay, M. Fourel, S. Audran, F. Boeuf, J. Delamare, G. Delepierre, G. Pitone, and T. Skotnicki. 
Piezoelectric and electrostatic bimetal-based thermal energy harvesters. J. Phys.: Conf. Ser. 
476, 1, 012062 (2013)

 S. K. T. Ravindran, M. Kroener, and P. Woias. A bimetallic micro heat engine for pyroelectric 
energy conversion. Procedia Eng. 47, 33-36 (2012)

 Bimetallic Strip: Construction, Uses & Applications (John Dunn, edn.com, July 27, 2020), 
https://www.edn.com/how-do-bimetallic-strips-work/

 Thermal Circuit Breaker (reviseomatic.org, 2019), https://reviseomatic.org/help/e-
components/Thermal%20Circuit%20Breaker.php



  

Background reading
 A. Huang. Bimetallic strip for a circuit breaker. US Patent US20050134424A1, 

https://patents.google.com/patent/US20050134424A1
 Thermal Magnetic Circuit Breakers (relectric.com), https://www.relectric.com/training/thermal-

magnetic-circuit-breaker-components/ 



  

Problem No. 6 “Tennis ball tower”
Build a tower by stacking tennis balls using three balls per layer and a single ball on 
top. Investigate the structural limits and the stability of such a tower. How does the 
situation change when more than three balls per each layer and a suitable number of 
balls on the top layer are used?

[Andria Rogava 2019]



  



  

Background reading
 Record high 3n+1 tennis ball tower with n=11 again (Theessink, Evans & Cooder - Build Myself 

A Home) (youtube, Andria Rogava, 19.04.2023), https://youtu.be/9UVNfNqFQ7g
 Free Standing 3n+1 tennis ball tower with n=11 (youtube, Andria Rogava, 01.08.2022), 

https://youtu.be/dqBEAdi3mAg
 Leopold Weiss - Courante from Sonata No 5 in D minor (David Miller) (youtube, Andria Rogava, 

10.07.2022), https://youtu.be/zo55On03FWg
 3n+1 tower with n=11 (Ace Cannon - Blues Stay Away from Me) (youtube, Andria Rogava, 

16.04.2022), https://youtu.be/CYCKYeLfxnI
 Olivier Vernet - Dietrich Buxtehude's Nun komm der heiden heiland (BuxWV 211) (youtube, 

Andria Rogava, 22.01.2022), https://youtu.be/rTvlk8KE6XY
 Loose 7 Ball Tower (youtube, Andria Rogava, 30.11.2021), https://youtu.be/4spa34zH8kE
 Dietrich Buxtehude - Chorale prélude BuxWV 206, (Bernard Foccroulle) [Pyramidal frustum, 16 

balls] (youtube, Andria Rogava, 06.10.2020), https://youtu.be/-EsrbXkx0lo
 Herbie Mann & Stéphane Grappelli - Mellow Yellow (Tennis Ball Towers) (youtube, Andria 

Rogava, 20.04.2020), https://youtu.be/JoS8vdo1ZTk
 Art Hodes - Make Me a Pallet On The Floor (Three tennis ball towers: 13, 16 and 19 balls) 

(youtube, Andria Rogava, 06.12.2019), https://youtu.be/r-d3m8fXu2Y
 Ten-storey high 3N+1 tennis ball tower (youtube, Andria Rogava, 13.11.2019), 

https://youtu.be/Dz31_-gzk7c
 Ten-storey tennis ball tower, 28 balls - falls down (youtube, Andria Rogava, 09.11.2019), 

https://youtu.be/cvLK6Jd2xJU



  

Background reading
 Hexagram-Tower, 72 balls (youtube, Andria Rogava, 23.10.2019), 

https://youtu.be/kfeKtyNxnGs
 Hollow, 44-balls pyramid (youtube, Andria Rogava, 18.06.2019), https://youtu.be/XhprByiwYuE
 Nine-storey tower falling, slowed down 5 times (youtube, Andria Rogava, 22.05.2019), 

https://youtu.be/BC21Mdeqm2I
 Six-storey tennis ball tower, 16 balls (youtube, Andria Rogava, 22.05.2019), 

https://youtu.be/cdnQTMX0W3U
 Nine storey tower, made of 25 balls (youtube, Andria Rogava, 22.05.2019), 

https://youtu.be/ZIzGfmrcVOw
 Seven-storey tennis ball tower, 19 balls (youtube, Andria Rogava, 25.03.2019), 

https://youtu.be/ZdozSyzi4Sg
 R. Cross. Two balls stuck by friction on an incline, and a four ball pyramid. Phys. Educ. 55, 5, 

055013 (2020)
 A. Rogava. Tennis-ball towers. Physics World 32, 5, 25 (2019)
 J. Winkelmann, A. Mughal, D. Weaire, and S. Hutzler. Equilibrium configurations of hard spheres 

in a cylindrical harmonic potential. Europhys. Lett. 127, 4, 44002 (2019)
 A. Kazachkov and M. Kireš. A stack of cards rebuilt with calculus. Phys. Educ. 52, 4, 045019 

(2017)
 L. Sissler, R. Jones, P. G. Leaney, and A. Harland. Viscoelastic modelling of tennis ball 

properties. IOP Conf. Ser.: Mater. Sci. Eng. 10, 012114 (2010)



  

Background reading
 T. Allen, S. Haake, and S. Goodwill. Effect of friction on tennis ball impacts. Proc. Inst. Mech. 

Eng. P: J. Sports Engineering and Technology 224, 3, 229-236 (2010)
 J. F. Hall. Fun with stacking blocks. Am. J. Phys. 73, 12, 1107-1116 (2005)
 Tennis-ball towers (2019), https://prod-physicsworld-

iop.content.pugpig.com/blog/2019/04/19/tennis-ball-towers/pugpig_index.html
 Physicist creates remarkable tennis-ball towers, including one made from 46 balls 

(physicsworld.com, 23 May 2019), https://physicsworld.com/a/physicist-creates-remarkable-
tennis-ball-pyramids-including-one-made-from-46-balls/



  

Problem No. 7 “Three-sided dice”
To land a coin on its side is often associated with the idea of a rare occurrence. What 
should be the physical and geometrical characteristics of a cylindrical dice so that it 
has the same probability to land on its side and one of its faces?

[Matt_Parker_2 2018]



  

Background reading
 Three Sided Coin Simulator (youtube, sirrandalot, 09.01.2022), https://youtu.be/OY0p0joLtFU
 Does a Fair 3 Sided Coin Exist? (youtube, sirrandalot, 15.09.2020), 

https://youtu.be/cE12ri79FUQ
 How Thick is a 3 Sided Die? (WRONG - see update) (youtube, sirrandalot, 02.10.2018), 

https://youtu.be/VhYgY42SBb0
 How thick is a three-sided coin? (youtube, Stand-up Maths, 23.01.2018), https://youtu.be/-

qqPKKOU-yY
 Help me find the thickness of a three-sided coin! (youtube, Matt_Parker_2, 23.01.2018), 

https://youtu.be/xN5_VO7Nbu8
 2,000 throws of three-sided coins. (youtube, Matt_Parker_2, 23.01.2018), 

https://youtu.be/tsQv_0hU4Ow
 Wikipedia: Probability, https://en.wikipedia.org/wiki/Probability
 G. Subramanian. Thickness of a three-sided coin: A molecular dynamics study. Phys. Rev. E 

103, 4, L041301 (2021)
 R. C. Stefan and T. O. Cheche. Coin toss modeling (2016), arXiv:1612.06705 [physics.pop-ph]
 S. R. Kuindersma and B. S. Blais. Teaching Bayesian model comparison with the three-sided 

coin. Am. Statistician 61, 3, 239-244 (2012)
 E. H. Yong and L. Mahadevan. Probability, geometry and dynamics in the toss of a thick coin. 

Am. J. Phys. 79, 12, 1195-1201 (2011), arXiv:1008.4559 [physics.class-ph]
 L. Mahadevan and E. H. Yong. Probability, physics, and the coin toss. Phys. Today 64, 7, 66-67 

(2011), https://softmath.seas.harvard.edu/wp-content/uploads/2019/10/2011-10.pdf



  

Background reading
 D. L. Jones. Examining cylindrical dice. Math. Teach. 102, 6, 420-424 (2009)
 J. Strzałko, J. Grabski, A. Stefański, P. Perlikowski, and T. Kapitaniak. Dynamics of coin tossing is 

predictable. Physics Reports 469, 59-92 (2008)
 P. Diaconis, S. Holmes, and R. Montgomery. Dynamical bias in the coin toss. SIAM Rev. 49, 2, 

211-235 (2007), https://statweb.stanford.edu/~cgates/PERSI/papers/dyn_coin_07.pdf
 J. B. Keller. The probability of heads. Am. Math. Monthly 93, 3, 191-197 (1986), 

http://gauss.stat.su.se/gu/sg/2012VT/penny.pdf
 The geometry of weird-shaped dice (skullsinthestars.com, March 9, 2017), 

https://skullsinthestars.com/2017/03/09/the-geometry-of-weird-shaped-dice/
 Three-sided Cylindrical Dice (riverbendmath.org, authors: Matthew, Rebekah, Deepu, Brian, 

Fiona, Miracle, Carsten, Zoe), https://riverbendmath.org/math_circle/3-sided-dice/3-sided_dice-
report

 How thick should a cylindrical coin be for it to act as a fair three-sided die? 
(math.stackexchange.com), https://math.stackexchange.com/questions/2029476/how-thick-
should-a-cylindrical-coin-be-for-it-to-act-as-a-fair-three-sided-die 

 How many fair dice exist? (math.stackexchange.com), 
https://math.stackexchange.com/questions/2581461/how-many-fair-dice-exist

 THREE-SIDED COIN ACTIVITY (think-maths.co.uk), http://think-maths.co.uk/downloads/three-
sided-coin-activity



  

Problem No. 8 “Equipotential lines”
Place two electrodes into water, supply a safe voltage and use a voltmeter to 
determine electric potential at various locations. Investigate how the measured 
equipotential lines deviate from your expectations for different conditions and liquids.

[Griffin School Community 2019]



  

Background reading
 Mapping Electric Fields - Water and Voltage Activity (youtube, AP Physics C with Mr. D'Antuono, 

22.02.2021), https://youtu.be/NLBz1K_UlN8
 Electric Field Visualised with Semolina and caster oil (youtube, David Ferguson, 19.09.2020), 

https://youtu.be/JO_iqqAYJzY
 Physics 7C, DL 14 10.9: Tracing out Equipotential Lines in the Real World (youtube, Physics 7, 

13.05.2020), https://youtu.be/aS_CAx5PQkY
 Demo-by-Lewin(8.02-02-2): Display electric fields with grass seeds (youtube, Dake Wang, 

26.12.2019), https://youtu.be/CoXCb1HHLJQ
 Electric Field Lines Lab [Teacher's Instructions] (youtube, Physics Burns, 28.04.2019), 

https://youtu.be/oD9amPhBi8k
 ARCO Field Lines & Equipotential Lines (youtube, ARCO Let's Learn Science, 13.10.2018), 

https://youtu.be/KyO1_DZnLgs
 Equipotential Lines & Surfaces, Electric Field, Work & Voltage - Physics (youtube, The Organic 

Chemistry Tutor, 08.12.2017), https://youtu.be/j_Cy891cmIY
 Equipotential Lines (youtube, Bozeman Science, 20.07.2014), https://youtu.be/1XI4D4SgHTw
 ELECTRIC FIELD Visualized with Crystals (youtube, James Lincoln, 19.03.2014), 

https://youtu.be/63FnT0W-Hxc
 Equipotential Lines (youtube, Andrey K, 07.12.2012), https://youtu.be/hV3dlYkvKYE
 lab 1 Equipotential Lines, Electric and Magnetic Field Mapping (youtube, Sinclair Johnston, 

08.06.2009), https://youtu.be/WcSSWN4Tnoo
 Wikipedia: Equipotential, https://en.wikipedia.org/wiki/Equipotential



  

Background reading
 Wikipedia: Double layer (surface science), 

https://en.wikipedia.org/wiki/Double_layer_(surface_science)
 Equipotential Lines and Electric Fields: Plotting the Electric Field (National Math + Science 

Initiative, 2013), https://www.nms.org/Portals/0/Docs/FreeLessons/PHYS_Equipotential%20Lines
%20and%20Electric%20Fields.pdf

 Equipotential Lines (coursehero.com), https://www.coursehero.com/study-guides/physics/19-4-
equipotential-lines/

 Electric Fields 4 (training.fws.gov), 
https://web.archive.org/web/20150906043056/https://training.fws.gov/courses/CSP/CSP2C01/re
sources/4-Electric-Fields/1_Electric%20Fields%20Presentation%20(Chapter%204).ppt

 The Equipotential Surfaces of a Dipole (Jeffrey R. Miller, stlawu.edu), 
http://myslu.stlawu.edu/~jmil/physics/labs/104_lab/v_field.pdf

 Chp-10 Electric fields in Matter (physics.mcgill.ca), 
http://www.physics.mcgill.ca/~gang/PHYS340/Wiseman-Phys340-lecture-notes.update.pdf

 Chapter 4 Electric Fields in Matter (phys.nthu.edu.tw), 
http://www.phys.nthu.edu.tw/~thschang/notes/EM04.pdf

 SECTION 4: Electric Fields in Matter (physics.uwo.ca), 
https://physics.uwo.ca/~cottam/EMsec4.pdf

 Electric fields in matter (J. Redish and W. Losert, compadre.org), 
https://www.compadre.org/nexusph/course/Electric_fields_in_matter 



  

Background reading
 Experiment 4: Mapping Electric Equipotentials (phys.vt.edu), 

https://web.archive.org/web/20081010125658/https://www1.phys.vt.edu/~labs/phys2306/fall0
8/ph2306_lab4.pdf



  

Problem No. 9 “Water spiral”
If a stream of liquid is launched through a small hole, then under certain conditions it 
twists into a spiral. Explain this phenomenon and investigate the conditions under 
which the spiral will twist.



  

Background reading
 IPT 2018: 10. Quaint jet - France [EXTRA] (youtube, TheKitchenPysic, 08.05.2018), 

https://youtu.be/sY2ysATEtYo
 ВСТФ 2017. 10 - Витиеватая струя. ТТ - МФТИ, Долгопрудный (Отборочный МФТИ) 

(youtube, TheKitchenPysic, 10.04.2018), https://youtu.be/NajqnJEzE24
 T. Yoshinaga. Instabilities of a liquid column jet in a surrounding gas flowing through a coaxial 

cylindrical sheath. Fluid Dyn. Res. 52, 4, 045502 (2020)
 M.-C. Renoult, G. Brenn, G. Plohl, and I. Mutabazi. Weakly nonlinear instability of a Newtonian 

liquid jet. J. Fluid Mech. 856, 169-201 (2018)
 G. Amini and A. Dolatabadi. Axis-switching and breakup of low-speed elliptic liquid jets. Int. J. 

Multiphase Flow 42, 96-103 (2012)
 G. Amini and A. Dolatabadi. Capillary instability of elliptic liquid jets. Phys. Fluids 23, 8, 084109 

(2011)
 A.-C. Ruo, M.-H. Chang, and F. Chen. On the nonaxisymmetric instability of round liquid jets. 

Phys. Fluids 20, 6, 062105 (2008)
 Z. Liu and Z. Liu. Instability of a viscoelastic liquid jet with axisymmetric and asymmetric 

disturbances. Int. J. Multiphase Flow 34, 1, 42-60 (2008)
 D. C. Y. Wong, M. J. H. Simmons, S. P. Decent, E. I. Parau, and A. C. King. Break-up dynamics 

and drop size distributions created from spiralling liquid jets. Int. J. Multiphase Flow 30, 5, 499-
520 (2004)

 J. W. M. Bush and A. E. Hasha. On the collision of laminar jets: Fluid chains and fishbones. J. 
Fluid Mech. 511, 285-310 (2004)



  

Background reading
 E. A. Ibrahim. Asymmetric instability of a viscous liquid jet. J. Colloid Interface Sci. 189, 1, 181-

183 (1997)
 H. Q. Yang. Asymmetric instability of a liquid jet. Phys. Fluids 4, 4, 681-689 (1992)
 Rayleigh. VI. On the capillary phenomena of jets. Proc. R. Soc. Lond. 29, 196-199, 71-97 (1879)
 IPT2018-Problem10- Quaint Jet (Voronezh State University, Russia), 

https://zenodo.org/record/4446095
 Jets asymétriques, w B. Jouk, M. Marmonier & N. Aymerich. (03.06.2016), 

https://twitter.com/PSE_ESPCI/status/738734530396360704
 Jets asymétriques, w B. Jouk, M. Marmonier & N. Aymerich. (03.06.2016), 

https://twitter.com/PSE_ESPCI/status/738734718699601921



  

Problem No. 10 “Droplet explosion”
When a drop of a water mixture (e.g. water-alcohol) is deposited on the surface of a 
hydrophobic liquid (e.g. vegetable oil), the resulting drop may sometimes fragment 
into smaller droplets. Investigate the parameters that affect the fragmentation and the 
size of the final droplets.

[Ом 2022]



  

Background reading
 10. Droplet explosion (IYPT 2022) (youtube, Fenix Science Club, 05.05.2023), 

https://youtu.be/hKaCEPAUXDE
 Взрывающаяся капля (youtube, GetAClass - Физика в опытах и экспериментах, 

27.11.2021), https://youtu.be/zGhqZGAbIqY
 Droplet Explosion (youtube, Canadian Young Physicists’ Tournament, 01.08.2021), 

https://www.youtube.com/shorts/O8KJq8_Ct88
 Droplet Explosion | IYPT 2022 (youtube, Artem Golomolzin, 19.07.2021), 

https://www.youtube.com/shorts/87mse5w_lTo
 The Beautiful Marangoni effect. Marangoni bursting is amazing. (youtube, 

DestructiveCreativity, 04.11.2020), https://youtu.be/VjSQRlLc_hI
 Visually stunning display of water & isopropyl alcohol | Marangoni Bursting (youtube, Will 

Donaldson, 26.07.2019), https://youtu.be/Ax38VQCRsyk
 Marangoni Bursting: Evaporation-Induced Emulsification of a Two-Component Droplet 

(youtube, APS Physics, 14.11.2017), https://youtu.be/y44rQdiixuw
 The Marangoni Effect (youtube, Kieran Berton, 15.05.2017), https://youtu.be/jra7Tg2m5IY
 Wikipedia: Marangoni effect, https://en.wikipedia.org/wiki/Marangoni_effect
 X. Ma, Y. Huang, Y. Huang, Z. Liu, Z. Li, and J. M. Floryan. Experiments on Marangoni spreading 

– evidence of a new type of interfacial instability. J. Fluid Mech. 958, A33 (2023) 
 K. Hasegawa and Y. Manzaki. Marangoni fireworks: Atomization dynamics of binary droplets on 

an oil pool. Phys. Fluids 33, 3, 034124 (2021)



  

Background reading
 R. Sarma and P. K. Mondal. Marangoni instability in a viscoelastic binary film with cross-

diffusive effect. J. Fluid Mech. 910, A30 (2021)
 Y. Li, C. Diddens, A. Prosperetti, and D. Lohse. Marangoni instability of a drop in a stably 

stratified liquid. Phys. Rev. Lett. 126, 12, 124502 (2021)
 F. Wodlei, J. Sebilleau, J. Magnaudet, and V. Pimienta. Marangoni-driven flower-like patterning 

of an evaporating drop spreading on a liquid substrate. Nat. Commun. 9, 820 (2018)
 G. Durey, H. Kwon, Q. Magdelaine, M. Casiulis, J. Mazet, L. Keiser, H. Bense, P. Colinet, J. Bico, 

and E. Reyssat. Marangoni bursting: Evaporation-induced emulsification of a two-component 
droplet. Phys. Rev. Fluids 3, 10, 100501 (2018)

 L. Keiser, H. Bense, P. Colinet, J. Bico, and E. Reyssat. Marangoni bursting: Evaporation-induced 
emulsification of binary mixtures on a liquid layer. Phys. Rev. Lett. 118, 7, 074504 (2017)

 C. Vernay, L. Ramos, and C. Ligoure. Bursting of dilute emulsion-based liquid sheets driven by 
a Marangoni effect. Phys. Rev. Lett. 115, 19, 198302 (2015)

 D. Yamamoto, C. Nakajima, A. Shioi, M. P. Krafft, and K. Yoshikawa. The evolution of spatial 
ordering of oil drops fast spreading on a water surface. Nat. Commun. 6, 7189 (2015)

 H. Machrafi, A. Rednikov, P. Colinet, and P. C. Dauby. Bénard instabilities in a binary-liquid 
layer evaporating into an inert gas. J. Colloid Interface Sci. 349, 1, 331-353 (2010)

 A. D. Nikolov, D. T. Wasan, A. Chengara, K. Koczo, G. A. Policello, and I. Kolossvary. 
Superspreading driven by Marangoni flow. Adv. Colloid Interface Sci. 96, 1-3, 325-338 (2002)

 J. B. Fournier and A. M. Cazabat. Tears of wine. Europhys. Lett. 20, 6, 517-522 (1992)



  

Problem No. 11 “Balls on an elastic band ”
Connect two metal balls with an elastic band, then twist the elastic band and put the 
balls on a table. The balls will begin to spin in one direction, then in the other. Explain 
this phenomenon and investigate how the behaviour of such a "pendulum" depends on 
the relevant parameters.

[Grand Illusions 2012]



  

Background reading
 Balls on an Elastic Band (youtube, 李哲宇 , 03.11.2022), 

https://www.youtube.com/shorts/MJ2B6LUTnRg
 Centripetal Spheres (youtube, physicsfun shorts, 01.06.2021), https://youtu.be/E_sVdq6CNtk
 Bolas de Fuerza, caseras / Homemade Centripetal Spheres (youtube, Delcopond, 24.11.2017), 

https://youtu.be/b6nZVVNmR8o
 Spinning Ball Bearings (youtube, Grand Illusions, 27.07.2012), https://youtu.be/orswgVDbJhc
 Closely Packed Helix (youtube, pieranski, 20.01.2009), http://youtu.be/7NqhDyzzG7Y
 Wikipedia: Rubber band motor, http://en.wikipedia.org/wiki/Rubber_band_motor
 Wikipedia: Rubber band, http://en.wikipedia.org/wiki/Rubber_band
 Wikipedia: Rubber elasticity, http://en.wikipedia.org/wiki/Rubber_elasticity
 Wikipedia: Hyperelastic material, http://en.wikipedia.org/wiki/Hyperelastic_material
 Wikipedia: Mullins effect, http://en.wikipedia.org/wiki/Mullins_effect
 X. Li, B. Sun, Y. Zhang, and Y. Dai. Dynamics of rubber band stretch ejection. Preprints 

2021030294 (2021)
 G. Zurlo, J. Blackwell, N. Colgan, and M. Destrade. The Poynting effect. Am. J. Phys. 88, 12, 

1036-1040 (2020), arXiv:2004.09653 [cond-mat.soft]
 A. T. Oratis and J. C. Bird. Shooting rubber bands: Two self-similar retractions for a stretched 

elastic wedge. Phys. Rev. Lett. 122, 1, 014102 (2019)
 J. Liu, J. Huang, T. Su, K. Bertoldi, and D. R. Clarke. Structural transition from helices to 

hemihelices. PLoS ONE 9, 4, e93183 (2014)



  

Background reading
 A. Majumdar and A. Raisch. Stability of twisted rods, helices and buckling solutions in three 

dimensions. Nonlinearity 27, 12, 2841-2867 (2014), arXiv:1309.5627 [math-ph]
 P. Ciarletta and M. Destrade. Torsion instability of soft solid cylinders. IMA J. Appl. Math. 79, 

804-819 (2014), arXiv:2009.09790 [cond-mat.soft]
 D. Roundy and M. Rogers. Exploring the thermodynamics of a rubber band. Am. J. Phys. 81, 1, 

20-23 (2013)
 C. A. Triana and F. Fajardo. Dependence of some mechanical properties of elastic bands on the 

length and load time. Eur. J. Phys. 33, 4, 771-784 (2012)
 J. Diani, B. Fayolle, and P. Gilormini. A review on the Mullins effect. Eur. Polymer J. 45, 3, 601-

612 (2009)
 R. Vermorel, N. Vandenberghe, and E. Villermaux. Rubber band recoil. Proc. R. Soc. A 463, 

2079, 641-658 (2006)
 V. G. A. Goss, G. H. M. van der Heijden, J. M. T. Thompson, and S. Neukirch. Experiments on 

snap buckling, hysteresis and loop formation in twisted rods. Exp. Mech. 45, 101-111 (2005), 
http://www.lmm.jussieu.fr/~neukirch/articles/goss_experiments_snap_buckling_and_loop_form
ation_in_twisted_rods_ExpMech_2005.pdf

 P. Kozić and R. Pavlović. Stochastic stability of torsion oscillations in moving thin elastic bands. 
J. Sound Vib. 274, 3-5, 1103-1109 (2004)

 N. Pan and D. Brookstein. Physical properties of twisted structures. II. Industrial yarns, cords, 
and ropes. J. Appl. Polymer Sci. 83, 610-630 (2002), http://ningpan.net/Publications/51-
100/72.pdf



  

Background reading
 J. Pellicer, J. A. Manzanares, J. Zúñiga, and P. Utrillas. Thermodynamics of rubber elasticity. J. 

Chem. Educ. 78, 2, 263 (2001)
 S. Przybyl and P. Pieranski. Helical close packings of ideal ropes. Eur. Phys. J. E 4, 4, 445-449 

(2001), arXiv:physics/0101080 [physics.comp-ph]
 R. W. Ogden and D. G. Roxburgh. A pseudo–elastic model for the Mullins effect in filled rubber. 

Proc. R. Soc. Lond. A 455, 1988, 2861-2877 (1999)
 A. Goriely and M. Tabor. Nonlinear dynamics of filaments. IV Spontaneous looping of twisted 

elastic rods. Proc. R. Soc. Lond. A 454, 3183-3202 (1998)
 P. G. Santangelo and C. M. Roland. Chain ends and the Mullins effect in rubber. Rubber Chem. 

Technol. 65, 5, 965-972 (1992)
 G. Savarino and M. R. Fisch. A general physics laboratory investigation of the thermodynamics 

of a rubber band. Am. J. Phys. 59, 2, 141-145 (1991)
 C. M. Roland. The Mullins effect in crosslinked rubber. J. Rheology 33, 4, 659-670 (1989)
 R. T. Deam and S. F. Edwards. The theory of rubber elasticity. Phil. Trans. R. Soc. Lon. A 280, 

1296, 317-353 (1976)
 L. Mullins. Effect of stretching on the properties of rubber. Rubber Chem. Technol. 21, 2, 281-

300 (1948)
 R. S. Rivlin. Torsion of a rubber cylinder. J. Appl. Phys. 18, 444-449 (1947)
 W. B. Wiegand and J. W. Snyder. The rubber pendulum, the Joule fffect, and the dynamic 

stress-strain curve. Rubber Chem. Tech. 8, 2, 151-173 (1935)



  

Background reading
 How Much Energy Can You Store in a Rubber Band? (Rhett Allain, wired.com, MAR 23, 2018), 

https://www.wired.com/story/how-much-energy-can-you-store-in-a-rubber-band/
 Do Rubber Bands Act Like Springs? (Rhett Allain, wired.com, AUG 8, 2012), 

https://www.wired.com/2012/08/do-rubber-bands-act-like-springs/
 Stretching a Rubber Band (schoolphysics.co.uk), http://www.schoolphysics.co.uk/age14-

16/Matter/text/Rubber_band/index.html
 Centripetal Spheres (physicsfunshop.com), https://www.physicsfunshop.com/search?

keywords=centripetal+spheres
 R. E. Hobbs, M. S. Overington, J. W. S. Hearle, and S. J. Banfield. Buckling of fibres and yarns 

within ropes and other fibre assemblies (tensiontech.com), 
https://www.tensiontech.com/_app_/resources/documents/www.tensiontech.com/buckling_fibre
s_yarns.pdf

 L. R. G. Treloar. The physics of rubber elasticity (Oxford University Press, 1975)
 A. N. Gent. 1 - Rubber Elasticity: Basic Concepts and Behavior. In: Science and Technology of 

Rubber (eds J. E. Mark, B. Erman, F. R. Eirich, second edition, Academic Press, 1994), pp. 1-22



  

Problem No. 12 “Strange motion”
Sprinkle small floating particles on the surface of water in a bowl. Bring a strong 
magnet above and near to the water surface. Explain any observed motion of the 
particles.

[Sam Zhang 2022]



  

Background reading
 Strange Motion Demonstration (youtube, Sam Zhang, 03.02.2022), 

https://youtu.be/5f1K7KuvxR8
 Strange Motion (youtube, Canadian Young Physicists’ Tournament, 03.01.2022), 

https://www.youtube.com/shorts/toXTAZzG6RQ
 Moses effect (youtube, Science Geek Grandpa, 30.11.2020), https://youtu.be/8b5Q3PKr_yQ
 The Moses effect of magnetism on the surface of (youtube, fromjesse, 18.05.2020), 

https://youtu.be/5Zzsi3vnaZ8
 Wonderful Properties Of Water || Home Experiments (youtube, 5-Minute Crafts FAMILY, 

16.04.2020), https://youtu.be/D2SmTVny5AM
 Everything Is Magnetic! Moving Water With Magnets And Levitating Frogs (youtube, The Action 

Lab, 12.07.2016), https://youtu.be/mMDRqKmqVNs
 Diamagnetism of Water (youtube, Ludic Science, 30.08.2014), https://youtu.be/lTmFjQCPfCg
 Floating Cereal On Water Makes it Easy to Move with Magnets (youtube, K&J Magnetics, 

04.02.2014), https://youtu.be/E3kJ7LBna6U
 The Moses effect, Eugenio E Vogel - UFRO (youtube, ficaeTV, 11.01.2011), 

https://youtu.be/SoE-udZzcfA
 "Anti" Magnetic water and Levitating Graphite by Diamagnetism (youtube, NurdRage, 

28.02.2010), https://youtu.be/jyqOTJOJSoU
 Wikipedia: Moses effect, https://en.wikipedia.org/wiki/Moses_effect
 Z. Cenev, A. Würger, and Q. Zhou. Motion and trapping of micro- and millimeter-sized particles 

on the air-paramagnetic-liquid interface. Phys. Rev. E 103, 1, L010601 (2021)



  

Background reading
 P. Zuo, Y. Cheng, Z. Wang, X. Dou, and J. Liu. Tension and bending of the particle raft driven by 

a magnet. Colloid Interface Sci. Commun. 45, 100528 (2021)
 F. Martínez-Pedrero. Static and dynamic behavior of magnetic particles at fluid interfaces. Adv. 

Colloid Interface Sci. 284, 102233 (2020) 
 Y. Collard, G. Grosjean, and N. Vandewalle. Magnetically powered metachronal waves induce 

locomotion in self-assemblies. Commun. Phys. 3, 1, 1-10 (2020)
 E. Bormashenko. Moses effect: physics and applications. Adv. Colloid Interface Sci. 269, 1-6 

(2019)
 A. Vilk, I. Legchenkova, M. Frenkel, S. Shoval, and E. Bormashenko. The Moses effect enables 

remote control of self-propulsion of a diamagnetic rotator. Surface Innovations 7, 5, 244-248 
(2019)

 O. Gendelman, M. Frenkel, V. Fliagin, N. Ivanova, V. Danchuk, I. Legchenkova, A. Vilk, and E. 
Bormashenko. Study of the displacement of floating diamagnetic bodies by a magnetic field. 
Surface Innovations 7, 3-4, 194-202 (2019)

 J. Liu and S. Li. Capillarity-driven migration of small objects: A critical review. Eur. Phys. J. E 42, 
1 (2019)

 Y. Wang, H. Wei, and Z. Li. Effect of magnetic field on the physical properties of water. Results 
in Physics 8, 262-267 (2018)

 D. Laumann. Even liquids are magnetic: Observation of the Moses effect and the inverse Moses 
effect. Phys. Teach. 56, 6, 352-354 (2018)



  

Background reading
 M. Frenkel, V. Danchuk, V. Multanen, I. Legchenkova, Y. Bormashenko, O. Gendelman, and E. 

Bormashenko. Toward an understanding of magnetic displacement of floating diamagnetic 
bodies, I: Experimental findings. Langmuir 34, 22, 6388-6395 (2018)

 Z. Chen and E. Dan Dahlberg. Deformation of water by a magnetic field. Phys. Teach. 49, 3, 
144-146 (2011)

 J. Dong, R. Miao, and J. Qi. Visualization of the curved liquid surface by means of the optical 
method. J. Appl. Phys. 100, 12, 124914 (2006)

 K. Kitazawa, Y. Ikezoe, H. Uetake, and N. Hirota. Magnetic field effects on water, air and 
powders. Physica B 294-295, 709-714 (2001)

 N. Hirota, T. Homma, H. Sugawara, K. Kitazawa, M. Iwasaka, S. Ueno, H. Yokoi, Y. Kakudate, S. 
Fujiwara, and M. Kawamura. Rise and fall of surface level of water solutions under high 
magnetic field. Jpn. J. Appl. Phys. 34, 2, 8A, L991-L993 (1995)

 A. P. Wills and G. F. Boeker. Diamagnetism of water at different temperatures. Phys. Rev. 42, 5, 
687-696 (1932)

 G. Grosjean. Magnetocapillary self-assemblies: Interfacial locomotion at low Reynolds number 
(PhD thesis, Université de Liège, 2018)

 Magnetic Cereal (kjmagnetics.com), https://www.kjmagnetics.com/blog.asp?p=cereal-contains-
iron



  

Problem No. 13 “Candle powered turbine”
A paper spiral suspended above a candle starts to rotate. Optimise the setup for 
maximum torque.

[ПРОСТАЯ НАУКА 2013]



  

Background reading
 How to make a Heat Powered Turbine || Full Project Tutorial (youtube, WitBlox, 09.06.2022), 

https://youtu.be/TaatLt_TERM
 Spinning spiral snake (youtube, The Experiment Archive, 03.03.2022), 

https://youtu.be/rRgfWw8BLv0
 Science At Play: Heat Engine (youtube, Connecticut Science Center, 09.09.2021), 

https://youtu.be/BFuVGWXlZxk
 Convection Paper Spiral Science Experiment (youtube, Ems TV, 27.07.2021), 

https://youtu.be/X2wy4B_N990
 Candle Turbine | 7th Grade Next Generation Science Standards Activity for Teachers | PS3-5 & 

PS2-33 (youtube, STEM Scholar Library, 05.05.2021), https://youtu.be/pTOD2_F08nw
 Make your own heat-powered turbine with Scott and Cosmo (youtube, Brimbank Libraries, 

18.09.2020), https://youtu.be/a72rCAfqBkU
 Convection Pinwheel - STEAM Puffs (youtube, The Awty International School, 30.06.2020), 

https://youtu.be/K6CmaSawBlA
 Science Experiment - Heat Powered Turbine (youtube, The Amaze Lab, 05.02.2019), 

https://youtu.be/_WVul2ij4o4
 School Science Projects Spiral Convection (youtube, DIY Projects, 17.01.2019), 

https://youtu.be/sxFp3hchVYw
 Make a Convection Heat Powered Windmill - Fun Kids Science Experiments (youtube, Warren 

Nash, 11.02.2018), https://youtu.be/v2bYpjMDFVo



  

Background reading
 ЗМЕЙКА НАД СВЕЧОЙ - эксперимент с нагреванием воздуха (youtube, ПРОСТАЯ НАУКА, 

30.04.2015), https://youtu.be/J9q9SyE4fno
 Wind turbine powered by candles (youtube, Elaine Yap, 17.05.2013), 

https://youtu.be/honY6CohgpI
 Бумажные спирали и теплый воздух - физические опыты (youtube, ПРОСТАЯ НАУКА, 

30.01.2013), https://youtu.be/Rlk3WQS_FdI
 Warm Air Rises - The Spinning Paper Plate (youtube, George Mehler, 28.04.2012), 

https://youtu.be/4cOMushj7w8
 Wikipedia: Turbine, https://en.wikipedia.org/wiki/Turbine
 Wikipedia: Convection, https://en.wikipedia.org/wiki/Convection
 A. M. Labib, A. F. AbdelGawad, and M. M. Nasseif. Effect of aspect ratio on aerodynamic 

performance of Archimedes spiral wind turbine. Egypt. Int. J. Eng. Sci. Technol. 32, 66–72 
(2020), https://eijest.journals.ekb.eg/article_144060_b5a2a07a785faaf7b26ee6d83cf9c202.pdf 

 K. M. Allan, J. R. Kaminski, J. C. Bertrand, J. Head, and P. B. Sunderland. Laminar smoke points 
of wax candles. Combust. Sci. Technol. 181, 800-811 (2009), 
https://www.grace.umd.edu/~pbs/2009%20Allan%20et%20al.%20CST.pdf

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

 A. Hamins, M. Bundy, and S. E. Dillon. Characterization of candle flames. J. Fire Prot. Eng. 15, 4, 
265-285 (2005), https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=101159



  

Background reading
 L. T. Gritter, J. S. Crompton, S. Y. Yushanov, and K. C Koppenhoefer. Analysis of burning candle. 

Proc. COMSOL Conference 2010 Boston (2010), 
https://www.comsol.com/paper/download/62922/koppenhoefer2_paper.pdf

 S. Favrin, G. Nano, R. Rota, and M. Derudi. Preliminary CFD analysis of a ventilated chamber 
for candles testing (XXXIX Meeting of the Italian Section of the Combustion Institute, 2016), 
https://re.public.polimi.it/retrieve/handle/11311/1016147/187157/Extended_Abs-Favrin.pdf

 What happens if you hold a spiral of paper over a heat source? (biosidmartin.com, August 3, 
2020), https://biosidmartin.com/what-happens-if-you-hold-a-spiral-of-paper-over-a-heat-source/

 How does the Paper Spiral work? (physicsforums.com, Jul 29, 2022), 
https://www.physicsforums.com/threads/how-does-the-paper-spiral-work.1017233/

 Science At Play: Heat Powered Turbine (Andrew Fotta and Michelle Filippone, 
ctsciencecenter.org, September 10, 2021), https://ctsciencecenter.org/blog/science-at-play-
heat-powered-turbine/

 CONVECTION SNAKES (Emma Vanstone, science-sparks.com, September 12, 2011), 
https://www.science-sparks.com/convection-snakes/

 Pretty Spiral Spinner (abc.net.au), 
https://www.abc.net.au/science/surfingscientist/spiralspinner.htm

 Convection spiral (fizzicseducation.com.au), https://www.fizzicseducation.com.au/150-science-
experiments/force-movement-experiments/convection-spiral/

 Spinning spiral snake (experimentarchive.com), 
https://www.experimentarchive.com/experiments/spinning-spiral-snake/



  

Background reading
 Hot Air Rises Experiment {Preschool Science} (carrotsareorange.com), 

https://carrotsareorange.com/hot-air-rise-preschool-science/
 Spinning Spiral Snake (kiwico.com), https://www.kiwico.com/diy/stem/quick-easy-

experiments/spinning-spiral-snake
 Candle convection pinwheel (ingridscience.ca), https://www.ingridscience.ca/node/706
 Why does a paper spiral spin when convection happens? (physics.stackexchange.com, Apr 22, 

2020), https://physics.stackexchange.com/questions/545775/why-does-a-paper-spiral-spin-
when-convection-happens

 Snake Spiral (sfi.ie), https://www.sfi.ie/site-files/primary-
science/media/pdfs/col/snake_spiral.pdf

 The Spinning Tree (esplora.org.mt), https://esplora.org.mt/the-spinning-tree/
 B4 ACTIVITY 2: SPINNING SPIRAL. In: B4: HEAT TRANSFER BY CONVECTION (seai.ie), 

https://www.seai.ie/community-energy/schools/post-primary-school/energy-in-action/Heat-
Transfer-by-Convection.pdf 

 When a candle is kept under a spiral that is in the form of a snake, what will we observe? 
(byjus.com), https://byjus.com/question-answer/when-a-candle-is-kept-under-a-spiral-that-is-in-
the-form-of-a/

 Air Movement (scienceprojects.org), https://www.scienceprojects.org/air-movement/



  

Problem No. 14 “Ball on membrane”
When dropping a metal ball on a rubber membrane stretched over a plastic cup, a 
sound can be heard. Explain the origin of this sound and explore how its characteristics 
depend on relevant parameters.

[The Action Lab 2020]



  

Background reading
 Ball on membrane demonstration (youtube, PhasePrimal, 03.04.2022), 

https://www.youtube.com/shorts/64ldYKJzVkk
 Шарик на мембране (youtube, GetAClass - Физика в опытах и экспериментах, 21.12.2021), 

https://youtu.be/ZKUaNQZKrUc
 CBC IYPT 2021 Ball on a Membrane Vid (youtube, Ball on a Membrane CBC 2021, 06.12.2021), 

https://youtu.be/aeM8ywpnXM8
 The Bounciest Surface in the World! (youtube, The Gripsion, 15.12.2020), 

https://youtu.be/z0enFzMZi24
 The World's Bounciest Surface (youtube, The Action Lab, 21.11.2020), 

https://youtu.be/mHumpKBD8qE
 Шарик на мембране | Интересная физическая проблема (youtube, ART Science, 

23.05.2019), https://youtu.be/BQ31uEMuyFM
 BALL TRAMPOLINE - KANNADA - 13MB (youtube, Arvind Gupta, 08.09.2013), 

https://youtu.be/NQJEt1VZK_E
 Circular Membrane (drum head) Vibration (youtube, Dan Russell, 30.03.2009), 

https://youtu.be/v4ELxKKT5Rw
 Wikipedia: Vibrations of a circular membrane, 

https://en.wikipedia.org/wiki/Vibrations_of_a_circular_membrane
 Wikipedia: Hearing the shape of a drum, 

https://en.wikipedia.org/wiki/Hearing_the_shape_of_a_drum
 Wikipedia: Normal mode, https://en.wikipedia.org/wiki/Normal_mode



  

Background reading
 Wikipedia: Coefficient of restitution, https://en.wikipedia.org/wiki/Coefficient_of_restitution
 K. D. Sullivan. What’s in a name: Why do we call a bouncy ball bouncy? Phys. Teach. 57, 4, 

229-231 (2019)
 J.-Y. Chastaing, E. Bertin, and J.-C. Géminard. Dynamics of a bouncing ball. Am. J. Phys. 83, 6, 

518-524 (2015)
 O. Schwarz, P. Vogt, and J. Kuhn. Acoustic measurements of bouncing balls and the 

determination of gravitational acceleration. Phys. Teach. 51, 5, 312-313 (2013)
 J. I. Katz. Thump, ring: The sound of a bouncing ball. Eur. J. Phys. 31, 4, 849-856 (2010), 

arXiv:0808.3278 [physics.pop-ph]
 B. Eichwald, M. Argentina, X. Noblin, and F. Celestini. Dynamics of a ball bouncing on a 

vibrated elastic membrane. Phys. Rev. E 82, 1, 016203 (2010)
 D. A. Russell. Basketballs as spherical acoustic cavities. Am. J. Phys. 78, 6, 549-554 (2010)
 R. Vermorel, N. Vandenberghe, and E. Villermaux. Impacts on thin elastic sheets. Proc. R. Soc. 

A 465, 2103, 823-842 (2009)
 S. Majumdar and M. Kearney. Inelastic collapse of a ball bouncing on a randomly vibrating 

platform. Phys. Rev. E 76, 3, 031130 (2007)
 R. Cross. Bounce of a spinning ball near normal incidence. Am. J. Phys. 73, 10, 914-920 (2005)
 R. Cross. The bounce of a ball. Am. J. Phys. 67, 3, 222-227 (1999)
 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)



  

Background reading
 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) 
 P. J. Holmes. The dynamics of repeated impacts with a sinusoidally vibrating table. J. Sound 

Vib. 84, 2, 173-189 (1982)
 A. D. Bernstein. Listening to the coefficient of restitution. Am. J. Phys. 45, 1, 41-44 (1977)
 M. Kac. Can one hear the shape of a drum? Am. Math. Monthly 73, 4, 2, 1-23 (1966), 

https://maa.org/sites/default/files/pdf/upload_library/22/Ford/MarkKac.pdf
 Drum Head Modal Vibrations (Knud Palmelund Sørensen, physics.illinois.edu, 2010), 

https://courses.physics.illinois.edu/phys406/sp2017/Student_Projects/Spring09/Knud_Sorensen/
K_Sorensen_Phys498POM_Spring09_Final_Report.pdf 

 Ball Trampoline (arvindguptatoys.com), http://arvindguptatoys.com/toys/Balltrampoline.html
 Percussion and Drumheads. Chapter 13: Percussion (compadre.org), 

https://www.compadre.org/osp/EJSS/4495/280.htm
 Bouncing Ball (Paul Doherty, exploratorium.edu, exo.net), 

http://isaac.exploratorium.edu/~pauld/activities/mathematics/bouncingball.html, 
http://www.exo.net/~pauld/activities/mathematics/bouncingball.html

 Vibrations of Ideal Circular Membranes (e.g. Drums) and Circular Plates (UIUC Physics 406 
Acoustical Physics of Music, physics.illinois.edu), 
https://courses.physics.illinois.edu/phys406/sp2017/Lecture_Notes/P406POM_Lecture_Notes/P4
06POM_Lect4_Part2.pdf



  

Background reading
 Lord Rayleigh. The Theory of Sound (London, Macmillan, 1877, Courier Dover Publications, 

1945), http://books.google.com/books?id=v4NSAlsTwnQC, http://books.google.com/books?
id=Frvgu1wSFfU



  

Problem No. 15 “Boycott effect”
If particles are suspended in a liquid that has a lower density than the particles, the 
particles will settle to the bottom of the container. The rate of settling can be affected 
by tilting the container that holds the liquid. Explain this phenomenon and investigate 
the effect of relevant parameters.

[Fluid Dynamics 2020]



  

Background reading
 15. Boycott Effect (IYPT 2022) (youtube, Fenix Science Club, 05.05.2023), 

https://youtu.be/G46eP8RQmbc
 Coanda - 11 - Boycott Effect - Fluid Dynamics (youtube, Coanda Research & Development, 

01.02.2023), https://youtu.be/eU9brVbGBOs
 Boycott Effect in Particle Sedimentation Simulation Using Unresolved CFD-DEM (youtube, Lethe 

CFD, 03.11.2022), https://youtu.be/ZyY5C6o6R8Q
 IYPT Boycott Effect (youtube, M5 04 32 นายภรกฤช วงษ
กลม, 30.09.2022), 

https://youtu.be/FJZZCv1eYmY
 Boycott Effect 2 (youtube, Sam Zhang, 05.03.2022), https://youtu.be/TYIVg7v_GNc
 Boycott Effect Demonstration (youtube, Sam Zhang, 02.02.2022), 

https://youtu.be/CFzqLfDbEQ4
 Boycott Effect (youtube, Canadian Young Physicists’ Tournament, 01.08.2021), 

https://www.youtube.com/shorts/i1oA8B83180
 The Boycott Effect (youtube, Jadon Pauling, 15.11.2020), https://youtu.be/AsUVwHQ831o
 Boycott effect (sedimentation) (youtube, Fluid Dynamics, 20.07.2020), 

https://youtu.be/8zjixDxTEN8
 Glitter Tube - Boycott Effect (youtube, euphrony, 31.07.2007), https://youtu.be/CFtteE5TuhI
 Wikipédia: Effet Boycott, https://fr.wikipedia.org/wiki/Effet_Boycott
 V. Baranets and N. Kizilova. Mathematical modeling of particle aggregation and sedimentation 

in the inclined tubes. Visnyk of V. N. Karazin Kharkiv Natl Univ. Ser. Math., Appl. Math. and 
Mech. 90, 42-59 (2019)



  

Background reading
 C. Reyes, C. F. Ihle, F. Apaz, and L. A. Cisternas. Heat-assisted batch settling of mineral 

suspensions in inclined containers. Minerals 9, 4, 228 (2019)
 S. Palma, C. F. Ihle, and A. Tamburrino. Characterization of a sediment layer of concentrated 

fluid-solid mixtures in tilted ducts at low Reynolds numbers. Powder Technol. 325, 192-201 
(2018)

 Y. A. Nevskii and A. N. Osiptsov. Slow gravitational convection of disperse systems in domains 
with inclined boundaries. Fluid Dyn. 46, 2, 225-239 (2011)

 E. S. Benilov, C. P. Cummins, and W. T. Lee. Why do bubbles in Guinness sink? Am. J. Phys. 81, 
2, 88-91 (2013), arXiv:1205.5233 [physics.flu-dyn]

 Z.-J. Xu and E. E. Michaelides. A numerical simulation of the Boycott effect. Chem. Eng. 
Commun. 192, 4, 532-549 (2005)

 T. Peacock, F. Blanchette, and J. W. M. Bush. The stratified Boycott effect. J. Fluid Mech. 529, 
33-49 (2005)

 L. C. Cerny, C. L. Cerny, and E. L. Cerny. The sedimentation potential and the Boycott effect. 
Biorheology 25, 3, 503-516 (1988)

 A. Acrivos and E. Herbolzheimer. Enhanced sedimentation in settling tanks with inclined walls. 
J. Fluid Mech. 92, 435-457 (1979)

 W. D. Hill, R. R. Rothfus, and K. Li. Boundary-enhanced sedimentation due to settling 
convection. Int. J. Multiphase Flow 3, 6, 561-583 (1977)

 E. Ponder. On sedimentation and rouleaux formation. Quart. J. Exper. Physiology 15, 3, 235-252 
(1925)



  

Background reading
 A. E. Boycott. Sedimentation of blood corpuscles. Nature 104, 532 (1920)
 V. V. Neverov and V. V. Shelukhin. Boycott effect in two-dimensional sedimentation with 

diffusion (2019), http://conf.nsc.ru/files/conferences/frac2019/529240/Nev_Shel_July_2019.pdf
 Speeding Sedimentation (Nicole Sharp, fyfluiddynamics.com, August 25, 2020), 

https://fyfluiddynamics.com/2020/08/speeding-sedimentation
 Inclined Settlers (rpi.edu), 

https://web.archive.org/web/20160303175852/https://www.rpi.edu/dept/chem-eng/Biotech-
Environ/SEDIMENT/boycott.htm

 Do bubbles in Guinness go down? (stanford.edu), 
https://web.stanford.edu/group/Zarelab/guinness/why.html

 W. Lee. Sinking Bubbles in Stout Beers (industrial-maths.com), http://www.industrial-
maths.com/sinking_bubbles.html



  

Problem No. 16 “Saving honey”
When rotating a rod coated with a viscous liquid (e.g. honey), under certain conditions 
the liquid will stop draining. Investigate this phenomenon.

[Jevhen Olijnyk 2012]



  

Background reading
 Honey holding on a spoon (youtube, Vova Vanovsky, 17.07.2020), https://youtu.be/acfPH5RZplI
 Honey Dipper / Honey spoon (youtube, ALLT OM BIODLING, 17.01.2020), 

https://youtu.be/qN_PMjuZ5vI
 Is Honey a Newtonian Fluid? (youtube, Abd Karim Alias, 09.01.2016), 

https://youtu.be/BjyNUutDn7Q
 Wikipedia: Landau-Levich problem, https://en.wikipedia.org/wiki/Landau

%E2%80%93Levich_problem
 C. Faustino and L. Pinheiro. Analytical rheology of honey: A state-of-the-art review. Foods 10, 8, 

1709 (2021)
 P. Trávníček and A. Přidal. Thixotropic behavior of honey from Eucalyptus spp. J. Food 

Processing Preservation 41, 4, 13094 (2017)
 U. Kamboj and S. Mishra. Prediction of adulteration in honey using rheological parameters. Int. 

J. Food Properties 18, 9, 2056-2063 (2015)
 E. S. Benilov and V. N. Lapin. Inertial instability of flows on the inside or outside of a rotating 

horizontal cylinder. J. Fluid Mech. 736, 107-129 (2013)
 P. Trávníček, T. Vítěz, and A. Přidal. Rheological properties of honey. Scientia Agriculturae 

Bohemica 43, 4, 160-165 (2012)
 J. Gasparoux, D. Laux, J. Y. Ferrandis, J. Attal, and P. Tordjeman. Large frequency bands 

viscoelastic properties of honey. J. Non-Newtonian Fluid Mech. 153, 1, 46-52 (2008)
 P. L. Evans, L. W. Schwartz, and R. V. Roy. Three-dimensional solutions for coating flow on a 

rotating horizontal cylinder: Theory and experiment. Phys. Fluids 17, 7, 072102 (2005)



  

Background reading
 P. L. Evans, L. W. Schwartz, and R. V. Roy. Steady and unsteady solutions for coating flow on a 

rotating horizontal cylinder: Two-dimensional theoretical and numerical modeling. Phys. Fluids 
16, 8, 2742-2756 (2004)

 H. K. Moffatt. Behaviour of a viscous film on the outer surface of a rotating cylinder. Journal de 
Mécanique 16, 5, 651-673 (1977), 
http://www.damtp.cam.ac.uk/user/hkm2/PDFs/Moffatt_1977_JM_16_651.pdf

 L. Landau and B. Levich. Dragging of a liquid by a moving plate. Acta Physicochimica URSS 
XVII, 1-2, 42-54 (1942)

 A. von Borries Lopes. Dynamics of free surface flows on rotating cylinders (PhD thesis, Univ. of 
Manchester, 2018), 
https://pure.manchester.ac.uk/ws/portalfiles/portal/102601907/FULL_TEXT.PDF

 S. Bakier. Rheological properties of honey in a liquid and crystallized state. In: Honey Analysis 
(ed. V. de Alencar Arnaut de Toledo, Intechopen, 2017), 
https://www.intechopen.com/chapters/53895

 Question: You may have observed that when you a spoon into honey, withdraw it, and hold the 
spoon horizontal, the honey can be kept from draining by (chegg.com), 
https://www.chegg.com/homework-help/questions-and-answers/may-observed-spoon-honey-
withdraw-hold-spoon-horizontal-honey-kept-draining-rotating-spoon-q42054752



  

Problem No. 17 “Invisibility”
Lenticular lenses can be used to distort light and make objects disappear. Investigate 
how changing the properties of the lens and the geometry of the object affect the 
extent to which the object can be detected.

[GetAClass 2021]



  

Background reading
 Лентикулярная линза и человек-невидимка (youtube, GetAClass - Физика в опытах и 

экспериментах, 26.12.2021), https://youtu.be/jT0fPJI27L4
 DIY Printed Holographic Display (Lenticular Optics Explained) (youtube, bitluni, 07.03.2021), 

https://youtu.be/ktgbtoCD58I
 Testing a REAL Invisibility Shield!! (How Good is it?) - UNUSUAL (youtube, Chris Ramsay, 

11.09.2020), https://youtu.be/TJvGOI263po
 Лентикулярная линза - что это? (youtube, Лентикулярная печать и дизайн, 03.04.2020), 

https://youtu.be/EeNAMDdoznc
 Making a Real Invisibility Shield?! (youtube, Randomn, 25.02.2020), 

https://youtu.be/KckHomYdiFc
 Real-Life Invisibility Cloak Can Hide Anything! How Does It Work? (youtube, The Action Lab, 

04.12.2019), https://youtu.be/_miP7-VrIXU
 A Real Invisibility Shield | How Does It Work? (youtube, NightHawkInLight, 21.11.2019), 

https://youtu.be/CFiPJjrmmtE
 Hyperstealth Invisibility Cloak 9 Minute Promotional Video (youtube, Hyperstealth Corp, 

05.10.2019), https://youtu.be/VFp1KY5KqcI
 Scientists make an invisibility cloak using off the shelf optical lenses (youtube, Techno Star, 

29.09.2014), https://youtu.be/PfM2NfWwPLk
 Wikipedia: Lenticular lens, https://en.wikipedia.org/wiki/Lenticular_lens
 Wikipedia: Lenticular printing, https://en.wikipedia.org/wiki/Lenticular_printing



  

Background reading
 K.-T. Lee, C. Ji, H. Iizuka, D. Banerjee. Optical cloaking and invisibility: From fiction toward a 

technological reality. J. Appl. Phys. 129, 231101 (2021)
 B. Zheng, R. Zhu, L. Jing, Y. Yang, L. Shen, H. Wang, Z. Wang, X. Zhang, X. Liu, E. Li, and H. 

Chen. 3D visible-light invisibility cloak. Adv. Sci. 5, 6, 1800056 (2018)
 D. Banerjee, C. Ji, and H. Iizuka. Invisibility cloak with image projection capability. Sci. Reports 

6, 38965 (2016)
 Y.-C. Chang, L.-C. Tang, and C.-Y. Yin. Efficient simulation of intensity profile of light through 

subpixel-matched lenticular lens array for two- and four-view auto-stereoscopic liquid-crystal 
display. Appl. Opt. 52, 1, A356-A359 (2013)

 J. S.-h. Choi. Practical invisibility cloaking (PhD thesis, Univ. of Rochester, 2016), 
https://urresearch.rochester.edu/institutionalPublicationPublicView.action?
institutionalItemId=30392

 3D printed lenticular lens makes 3D display (Al Williams, hackaday.com, March 10, 2021), 
https://hackaday.com/2021/03/10/3d-printed-lenticular-lens-makes-3d-display/

 Lenticular lens makes things invisible (Al Williams, hackaday.com, January 25, 2021), 
https://hackaday.com/2021/01/25/lenticular-lens-makes-things-invisible/

 R. B. Johnson and G. A. Jacobsen. Advances in lenticular lens arrays for visual display. Proc. 
SPIE 5874, Current Developments in Lens Design and Optical Engineering VI, 587406 (2005)

 D. E. Roberts. History of lenticular and related autostereoscopic methods (Leap Tech., 2003), 
http://archiviostereoscopicoitaliano.it/documenti/history_of_lenticular.pdf

 The Discovery of a Material with a Negative Refractive Index leads to Invisibility (Guy Cramer, 
Hyperstealth Biotechnology Corp.), https://invisibility.ca/discovery.html



  



  

 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 2022, or plan bringing together the Kit for 
2023, 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



  

Ilya Martchenko 1 * and Nikita Chernikov 2

1 Foundation for Youth Tournaments
2 Novosibirsk State University
 

July 15, 2021…December 27, 2023

* http://kit.ilyam.org

Preparation to 35th IYPT’ 2022:
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Enhanced edition // December 27, 2023

Photos by Alexey Cheremisin used 
on the cover with kind permission
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