
  

Preparation to the Young Physicists’ Tournaments’ 2021
Ilya Martchenko 1 * and Nikita Chernikov 2

1 Foundation for Youth Tournaments; 2 Novosibirsk State University

Enhanced edition // December 26, 2023



  



  



  

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”
Design a boat that moves only due to the periodical mechanical movements of its 
internal parts and which only interacts with the environment (air, water) through its 
stiff hull. Optimise the parameters of your boat for maximum speed.

[Black Fox 2017]



  

Background reading
 IYPT 2021 №1 Invent Yourself (youtube, ЭйНШтейн, 30.08.2020), 

https://youtu.be/4HL0pNsh9NY
 IYPT 2021 №1 Invent Yourself (4 engines) (youtube, ЭйНШтейн, 30.08.2020), 

https://youtu.be/Ef_i5Rkg6Aw
 Однажды пьяные физики потеряли весла. Но остались физиками. (youtube, Николай 

Смирнов, 25.01.2017), https://youtu.be/q2qiBPKQOLc
 Пьяные физики на озере без вёсел. (youtube, Black Fox, 19.01.2017), 

https://youtu.be/jlvmQzoossI
 Wikipedia: Undulatory locomotion, https://en.wikipedia.org/wiki/Undulatory_locomotion
 Wikipedia: Concertina movement, https://en.wikipedia.org/wiki/Concertina_movement
 Wikipedia: Rectilinear locomotion, https://en.wikipedia.org/wiki/Rectilinear_locomotion
 Wikipedia: Field propulsion, https://en.wikipedia.org/wiki/Field_propulsion
 J.-P. Boucher, R. Labbé, C. Clanet, and M. Benzaquen. Thin or bulky: Optimal aspect ratios for 

ship hulls. Phys. Rev. Fluids 3, 7, 074802 (2018)
 A. S. Kuleshov. Mathematical model of a skateboard with one degree of freedom. Doklady 

Physics 52, 5, 283-286 (2007)
 E. C. Frederick, J. J. Determan, S. N. Whittlesey, and J. Hamill. Biomechanics of skateboarding: 

Kinetics of the Ollie. J. Appl. Biomechanics, 22, 1, 33-40 (2006)
 M. Wisse and A. L. Schwab. Skateboards, bicycles, and three-dimensional biped walking 

machines: Velocity-dependent stability by means of lean-to-yaw coupling. Int. J. Robotics 
Research 24, 6, 417-429 (2005)



  

Background reading
 Y. G. Ispolov and B. A. Smolnikov. Skateboard dynamics. Comput. Methods Appl. Mech. Eng. 

131, 3-4, 327-333 (1996)
 M. Hubbard. Human control of the skateboard. J. Biomechanics, 13, 745-754 (1980)
 M. Hubbard. Lateral dynamics and stability of the skateboard. J. Appl. Mech. 46, 931-936 

(1979)
 J. H. Michell. XI. The wave-resistance of a ship. Phil. Mag. 5, 45, 272, 106-123 (1898)
 J. P. Ostrowski. The mechanics and control of undulatory robotic locomotion (PhD thesis, 

California Inst. of Techn., 1996), 
https://thesis.library.caltech.edu/4194/1/Ostrowski_jp_1996.pdf

 S. Casas, S. Rueda, J. V. Riera, and M. Fernández. On the real-time physics simulation of a 
speed-boat motion. Proc. Int. Conf. GRAPP-2012, pp. 121-128, 
https://www.scitepress.org/PublishedPapers/2012/38235/38235.pdf

 How Does A Rudder Help In Turning A Ship? (Soumya Chakraborty, marineinsight.com, August 
13, 2021), https://www.marineinsight.com/naval-architecture/rudder-ship-turning/

 The Physics of Doing an Ollie on a Skateboard, or, the Science of Why I Can't Skate (Aatish 
Bhatia, wired.com, Oct 5, 2014), https://www.wired.com/2014/10/skateboard-physics-empzeal/

 Physics of a skateboard ollie (physics.stackexchange.com, Jan 26, 2011), 
https://physics.stackexchange.com/questions/3906/physics-of-a-skateboard-ollie

 Basic Physics of Rowing (eodg.atm.ox.ac.uk), 
https://eodg.atm.ox.ac.uk/user/dudhia/rowing/physics/basics.html



  

Problem No. 2 “Circling magnets”
Button magnets with different diameters are attached to each end of a cylindrical 
battery. When placed on an aluminium foil the object starts to circle. Investigate how 
the motion depends on relevant parameters.

[Magnetic Games 2015]



  

Background reading
 Magnet Car with AA Battery! (youtube, K&J Magnetics, 30.11.2022), 

https://youtu.be/Pv58aYnvMyM
 IYPT 2021 №2 Circling Magnets (youtube, ЭйНШтейн, 25.10.2020), 

https://youtu.be/5laqEc91l7k
 Racing Magnet Car, Homopolar party | Magnetic Games (youtube, Magnetic Games, 

04.11.2017), https://youtu.be/eYtMDHZG8AY
 Homopolar Motor Insane Discovery | Magnetic Games (youtube, Magnetic Games, 12.11.2016), 

https://youtu.be/rOQr4SAdRxk
 УНИПОЛЯРНЫЙ ДВИГАТЕЛЬ ЗА 5 секунд КРУТАЯ ИГРУШКА СВОИМИ РУКАМИ ИГОРЬ 

БЕЛЕЦКИЙ (youtube, Игорь Белецкий, 21.10.2016), https://youtu.be/I6G3uB6KhaU
 Magnetic Motor Homopolar , Magnet Car V2 | Magnetic Games (youtube, Magnetic Games, 

08.10.2016), https://youtu.be/STbaw47InfQ
 K&J Magnetics - Simple Magnet Car 2! (youtube, K&J Magnetics, 30.12.2015), 

https://youtu.be/Y4UErmVrif4
 Simple Magnet Car! (youtube, K&J Magnetics, 11.12.2015), https://youtu.be/XhIo25sb2-g
 SIMPLEST HOMOPOLAR MOTOR Simple magnet car | Magnetic Games (youtube, Magnetic 

Games, 18.07.2015), https://youtu.be/oPzJr1jjHnQ
 Wikipedia: Homopolar motor, https://en.wikipedia.org/wiki/Homopolar_motor
 H. Brauer, M. Ziolkowski, K. Porzig, and H. Toepfer. Modelling and simulation of a simple 

homopolar motor of Faraday's type. Facta Univ.: Elec. Energ. 24, 2, 221-242 (2011)



  

Background reading
 H. K. Wong. Motional mechanisms of homopolar motors & rollers. Phys. Teach. 47, 7, 463-465 

(2009)
 S. M. Stewart. Some simple demonstration experiments involving homopolar motors. Rev. 

Bras. Ensino Fís. 29, 2, 275-281 (2007)
 I. M. Moroz. On the behavior of a self-exciting Faraday disk homopolar dynamo with a variable 

nonlinear series motor. Int. J. Bifurcat. Chaos 12, 10, 2123-2135 (2002)
 J. Guala-Valverde, P. Mazzoni, and R. Achilles. The homopolar motor: A true relativistic engine. 

Am. J. Phys. 70, 10, 1052-1055 (2002)
 P. Goldbrum, I. M. Moroz, and R. Hide. On the biasing effect of a battery on a self-exciting 

Faraday disk homopolar dynamo loaded with a linear series motor. Int. J. Bifurcat. Chaos 10, 8, 
1875-1885 (2000)

 R. Hide, A. C. Skeldon, and D. J. Acheson. A study of two novel self-exciting single-disk 
homopolar dynamos: Theory. Proc. R. Soc. A 452, 1949, 1369-1395 (1996)

 G. N. Pellegrini and A. R. Swift. Maxwell’s equations in a rotating medium: Is there a problem? 
Am. J. Phys. 63, 8, 694-705 (1995)

 J. Guala Valverde and P. Mazzoni. The principle of relativity as applied to motional 
electromagnetic induction. Am. J. Phys. 63, 3, 228-229 (1995)

 D. F. Dempsey. The rotational analog for Faraday’s magnetic induction law: Experiments. Am. 
J. Phys. 59, 11, 1008-1011 (1991)

 R. D. Eagleton and M. N. Kaplan. The radial magnetic field homopolar motor. Am. J. Phys. 56, 9, 
858-859 (1988)



  

Background reading
 A. Viviani and R. Viviani. Comment on “Spinning magnetic fields”. J. Appl. Phys. 48, 9, 3981-

3983 (1977)
 J. Fukai. Magnetic wheel unipolar machine. Am. J. Phys. 45, 11, 1128-1129 (1977)
 J. Djurić. Spinning magnetic fields. J. Appl. Phys. 46, 2, 679-688 (1975), 

https://jovandjuric.tripod.com/spinningMagneticFields.pdf
 A. Serra-Valls and C. Gago-Bousquet. Conducting spiral as an acyclic or unipolar machine. Am. 

J. Phys. 38, 11, 1273-1276 (1970)
 A. K. Das Gupta. Unipolar machines. Association of the magnetic field with the field-producing 

magnet. Am. J. Phys. 31, 6, 428-430 (1963)
 D. L. Webster. Schiff's charges and currents in rotating matter. Am. J. Phys. 31, 8, 590-597 

(1963)
 T. D. Strickler. Variation of the homopolar motor. Am. J. Phys. 29, 9, 635 (1961)
 D. R. Corson. Electromagnetic induction in moving systems. Am. J. Phys. 24, 3, 126-130 (1956)
 R. J. Stephenson. Experiments with a unipolar generator and motor. Am. J. Phys. 5, 3, 108-110 

(1937)
 T. G. Engel and E. A. Kontras. Analysis and design of homopolar motors and generators. Proc. 

2014 17th Int. Symp. on Electromagnetic Launch Technology (La Jolla, 7-11 July 2014)
 R. E. Berg and C. O. Alley. The unipolar generator: A demonstration of special relativity 

(physics.umd.edu, 2005), 
https://web.archive.org/web/20070415224805/http://www.physics.umd.edu/lecdem/outreach/Q
OTW/arch11/q218unipolar.pdf



  

Background reading
 The Faraday Disk Dynamo as the original over-unity device (Archer Energy Systems, Inc., 

2004), https://web.archive.org/web/20040607052901/http://www.stardrivedevice.com/over-
unity.html

 Re: How do you resolve the Faraday Disc paradox? (Yaxun Liu, madsci.org, Sep 16 1999), 
https://www.madsci.org/posts/archives/sep99/937493491.Ph.r.html

 Magnet Car with AA Battery (kjmagnetics.com), https://www.kjmagnetics.com/blog.asp?p=AA-
motor

 Homopolar Motors (kjmagnetics.com), https://www.kjmagnetics.com/blog.asp?p=homopolar-
motors



  

Problem No. 3 “Proximity sensor”
A simple passive inductive sensor can detect ferromagnetic objects moving through its 
magnetic field. Construct such a passive sensor and investigate its characteristics such 
as sensing range.

[Maker Tutor 2017]



  

Background reading
 The Inductive and Capacitive Sensor | Different types and applications (youtube, Mechatronic 

Neheyler in English, 11.10.2022), https://youtu.be/2K7QpLnmPvU
 3. Proximity Sensor (IYPT 2021) (youtube, Fenix Science Club, 06.09.2022), 

https://www.youtube.com/shorts/GU_4RptOz18
 Inductive Sensor Explained | Different Types and Applications (youtube, RealPars, 30.06.2021), 

https://youtu.be/TEOCHrnotrk
 What are Proximity Sensors and How Do They Work? - Tech Tip (youtube, PLC Programming 

Tutorials Tips and Tricks, 22.05.2021), https://youtu.be/E_CUiQUo83A
 Inductive vs Capacitive Proximity Sensors - Target Materials (youtube, Maker Tutor, 

25.11.2017), https://youtu.be/K7xoV9EhYDg
 How Engine Sensors Work: Crankshaft, Camshaft, ABS. Magnetic Inductive Sensors. (youtube, 

Christopher Barr - Random Chris, 08.04.2016), https://youtu.be/AAbSwQlczDU
 What is a Magnetic Pickup? - A GalcoTV Tech Tip (youtube, GalcoTV, 03.11.2015), 

https://youtu.be/NcTGvhJx228
 Inductive or magnetic pickup sensor - for speed measurement (youtube, digital class, 

02.11.2015), https://youtu.be/37oJtcUTpL8
 Wikipedia: Inductive sensor, https://en.wikipedia.org/wiki/Inductive_sensor
 Wikipedia: Inductance, https://en.wikipedia.org/wiki/Inductance
 T. Mizuno, T. Mizuguchi, Y. Isono, T. Fujii, Y. Kishi, K. Nakaya, M. Kasai, and A. Shimizu. 

Extending the operating distance of inductive proximity sensor using magnetoplated wire. IEEE 
Trans. Magn. 45, 10, 4463-4466 (2009)



  

Background reading
 P. Kejı�k, C. Kluser, R. Bischofberger, and R. S. Popovic. A low-cost inductive proximity sensor for 

industrial applications. Sens. Actuators A: Phys. 110, 1-3, 93-97 (2004)
 C. Bartoletti, R. Buonanni, L. G. Fantasia, R. Frulla, W. Gaggioli, and G. Sacerdoti. The design of 

a proximity inductive sensor. Meas. Sci. Technol. 9, 8, 1180-1190 (1998)
 P. A. Passeraub, P. A. Besse, S. Hediger, C. de Raad, and R. S. Popovic. High-resolution 

miniaturized inductive proximity sensor: Characterization and application for step-motor 
control. Sens. Actuators A: Phys. 68, 1-3, 257-262 (1998)

 P. A. Passeraub, P.-A. Besse, C. de Raad, O. Dezuari, F. Quinet, and R. S. Popovic. Metallic 
profile and coin imaging using an inductive proximity sensor microsystem. Sens. Actuators A: 
Phys. 66, 1-3, 225-230 (1998)

 P. A. Passeraub, G. Rey-Mennet, P. A. Besse, H. Lorenz, and R. S. Popovic. Inductive proximity 
sensor with a flat coil and a new differential relaxation oscillator. Sens. Actuators A: Phys. 60, 
1-3, 122-126 (1997)

 P. A. Passeraub, P.-A. Besse, and R. S. Popovic. Scaling down an inductive proximity sensor. 
Sens. Actuators A: Phys. 52, 1-3, 114-118 (1996)

 P. A. Passeraub, P.-A. Besse, C. de Raad, O. Dezuari, F. Quinet, and R. S. Popovic. Coin 
recognition using an inductive proximity sensor microsystem. Proc. Intl. Solid State Sensors 
and Actuators Conf. (Transducers '97, 19-19 June 1997)

 K. Woolsey, J. Lamping, J. Marler, B. Burreson, and S. Knudson. Inductive proximity sensor for 
detecting ferromagnetic, non-permeable or magnet targets. US Patent US6507189B2 (2000), 
https://patents.google.com/patent/US6507189B2/en



  

Background reading
 An Overview of Proximity Sensors (Thomas A. Kinney, machinedesign.com, Nov. 30, 2022), 

https://www.machinedesign.com/automation-iiot/sensors/article/21831577/baumer-electric-an-
overview-of-proximity-sensors

 Inductive sensors - Function, mounting and application (sick.com, Feb 24, 2022), 
https://www.sick.com/at/en/inductive-sensors-function-mounting-and-application/w/blog-
induktiver%20sensor/

 The basics of proximity sensors (redeweb.com, July 30, 2021), 
https://www.redeweb.com/en/Articles/the-basics-of-proximity-sensors/

 Proximity Sensors (omron.com), https://www.ia.omron.com/support/guide/41/introduction.html
 What is an Inductive Proximity Sensor? (keyence.com), 

https://www.keyence.com/ss/products/sensor/sensorbasics/proximity/info/
 Induction Coil Sensors – a Review (Slawomir Tumanski, tumanski.x.pl), 

http://www.tumanski.x.pl/coil.pdf
 Magnetic Pickup Transducer (daytronic.com), 

https://web.archive.org/web/20120202124541/http://www.daytronic.com/transducers/magnetic
-pickup



  

Problem No. 4 “Wind speed”
Let an electric current flow through a coil. When cold air flows over the coil, the coil's 
temperature will decrease. Investigate how the temperature drop depends on the wind 
speed. What is the accuracy of this method of measuring the wind speed?

[flattop341 2007]



  

Background reading
 Hot Wire Anemometers (youtube, Ekeeda, 07.04.2022), https://youtu.be/PetqfE3vbcY
 Wind Speed IYPT 2021 Problem 4 Demonstration (youtube, Canadian Young Physicists’ 

Tournament, 03.01.2021), https://youtu.be/L0Cmf780yBs
 Hot Wire Anemometer: Working Principle, Application, Flow Rate Measurement [Animation 

Video] (youtube, Shubham Kola, 13.06.2020), https://youtu.be/j7cRgE14cXc
 Lecture 3 - HOT WIRE ANEMOMETRY (youtube, Measurement Technique in Multiphase Flows 

IITG, 31.01.2018), https://youtu.be/wnk6U_Xid-0
 Y. Xia, W. A. Rowin, T. Jelly, I. Marusic, and N. Hutchins. Investigation of cold-wire spatial and 

temporal resolution issues in thermal turbulent boundary layers. Int. J. Heat Fluid Flow 94, 
108926 (2022), https://people.eng.unimelb.edu.au/imarusic/publications/Edited%20Papers
%202022/Investigation%20of%20cold%20wire%20spatial_Xia.%20Y._Int.%20J.%20Heat
%20and%20Fluid%20Flow.pdf

 T. W. Davies. Modelling the response of a hot-wire anemometer. Appl. Math. Modelling 10, 4, 
256-261 (1986)

 K. J. Bullock, M. A. Ledwich, and J. C. S. Lai. Numerical simulation of transient response of heat 
transfer from a hot-wire anemometer transducer. Int. J. Heat and Fluid Flow 6, 1, 57-65 (1985)

 G. Comte-Bellot. Hot-wire anemometry. Annu. Rev. Fluid Mech. 8, 209-231 (1976), 
https://acoustique.ec-lyon.fr/publi/comte-bellot_arfm76.pdf

 J. McQuaid and W. Wright. The response of a hot-wire anemometer in flows of gas mixtures. 
Int. J. Heat Mass Transf. 16, 4, 819-828 (1973)



  

Background reading
 G. E. Andrews, D. Bradley, and G. F. Hundy. Hot wire anemometer calibration for 

measurements of small gas velocities. Int. J. Heat Mass Transf. 15, 10, 1765-1786 (1972)
 A. E. Perry and G. L. Morrison. A study of the constant-temperature hot-wire anemometer. J. 

Fluid Mech. 47, 3, 577-599 (1971)
 S. Corrsin. Extended applications of the hot‐wire anemometer. Rev. Sci. Instrum. 18, 7, 469-

471 (1947)
 L. V. King. XII. On the convection of heat from small cylinders in a stream of fluid: 

Determination of the convection constants of small platinum wires with applications to hot-wire 
anemometry. Phil. Trans. R. Soc. A 214, 509-522 (1914)

 H. L. Dryden and A. M. Kuethe. The measurement of fluctuations of air speed by the hot-wire 
anemometer (1930), 
https://ntrs.nasa.gov/api/citations/19930091390/downloads/19930091390.pdf

 The hot wire anemometer, Part 1: Principles (Bill Schweber, eeworldonline.com, March 20, 
2020), https://www.eeworldonline.com/the-hot-wire-anemometer-part-1-principles-faq/

 Chapter 4: Hot Wire Anemometry (iitd.ac.in), 
https://web.iitd.ac.in/~pmvs/courses/mel705/hotwire3.pdf

 Hot wire anemometry – measuring wind speed (seniorphysics.com), 
http://seniorphysics.com/physics/se.html



  

Problem No. 5 “Synchronised candles”
Oscillatory flames can be observed when several candles burn next to each other. Two 
such oscillators can couple with each other, resulting in in-phase or anti-phase 
synchronisation (depending on the distance between the sets of candles). Explain and 
investigate this phenomenon.

[Hui Wang 2020]



  

Background reading
 IYPT 2021 №5 Synchronised Candles (in-phase and antiphase) (youtube, ЭйНШтейн, 

12.04.2021), https://youtu.be/NiP0Nv0vcsM
 Synchronised Candles IYPT 2021 Problem 5 Demonstration (youtube, Canadian Young 

Physicists’ Tournament, 27.12.2020), https://youtu.be/TGZIdYBM30I
 The science of flickering candles (youtube, Attila Gergely, 04.12.2020), 

https://youtu.be/0u_WprnAk9o
 Collective oscillation of candle bundle containing 6 candles, bundle distance 7cm video 5 

(youtube, Attila Gergely, 15.11.2020), https://youtu.be/-7znt4iThQ4
 Collective oscillation of candle bundle containing 6 candles, bundle distance 7cm video 4 

(youtube, Attila Gergely, 15.11.2020), https://youtu.be/1ihxQhxe5QQ
 Collective oscillation of candle bundle containing 6 candles, bundle distance 6cm video 5 

(youtube, Attila Gergely, 15.11.2020), https://youtu.be/-J9P1lqN7ig
 Collective oscillation of candle bundle containing 6 candles, bundle distance 6cm video 4 

(youtube, Attila Gergely, 15.11.2020), https://youtu.be/_AcOerW00Tk
 Collective oscillation of candle bundle containing 6 candles, bundle distance 5cm video 5 

(youtube, Attila Gergely, 15.11.2020), https://youtu.be/OwZY017oI64
 Collective oscillation of candle bundle containing 6 candles, bundle distance 5cm video 4 

(youtube, Attila Gergely, 15.11.2020), https://youtu.be/j5nGthdiO-Q
 Collective oscillation of candle bundle containing 6 candles, bundle distance 4cm video 5 

(youtube, Attila Gergely, 15.11.2020), https://youtu.be/aWovjBLs9oo



  

Background reading
 Collective oscillation of candle bundle containing 6 candles, bundle distance 3cm video 5 

(youtube, Attila Gergely, 15.11.2020), https://youtu.be/h88SYmUuELs
 Collective oscillation of candle bundle containing 6 candles, bundle distance 3cm video 4 

(youtube, Attila Gergely, 15.11.2020), https://youtu.be/ibCe3vmqKYM
 Collective oscillation of candle bundle containing 6 candles, bundle distance 2cm video 5 

(youtube, Attila Gergely, 15.11.2020), https://youtu.be/qrv84Q8Cx24
 Collective oscillation of candle bundle containing 6 candles, bundle distance 2cm video 4 

(youtube, Attila Gergely, 15.11.2020), https://youtu.be/5k-H9nXQXxg
 IYPT 2021 №5 Synchronised Candles (youtube, ЭйНШтейн, 09.09.2020), 

https://youtu.be/8fw2mcMeH4o
 beautiful physics experiments-- 奇趣物理实验 -- 群魔乱舞 -Synchronised Candles (youtube, Hui 

Wang, 03.05.2020), https://youtu.be/TzE9yeDLJag
 beautiful physics experiments-- 奇趣物理实验 -- 翩翩起舞 -Synchronised Candles (youtube, Hui 

Wang, 25.04.2020), https://youtu.be/bJ5Y5C6CLDM
 beautiful physics experiments-- 奇趣物理实验 -- 烛光摇曳 -Synchronised Candles (youtube, Hui 

Wang, 22.04.2020), https://youtu.be/Rq5-a8UOnuo
 Candles synchronized oscillations (youtube, Attila Gergely, 19.05.2019), 

https://youtu.be/WtJ9kGxV8F8
 Candles synchronized oscillations (youtube, Attila Gergely, 19.05.2019), 

https://youtu.be/udufeNy1bBM



  

Background reading
 Ten flames as synchronized oscillators (youtube, Michael Forrester, 27.11.2015), 

https://youtu.be/qWGhlisVDik
 In-phase Synchronization of Oscillating Candle Flame (speed x0.15) (youtube, Hiroyuki 

KITAHATA, 21.10.2013), https://youtu.be/ndNBSgUd-vU
 Anti-phase Synchronization of Oscillating Candle Flame (speed x0.15) (youtube, Hiroyuki 

KITAHATA, 21.10.2013), https://youtu.be/ld9KHCQ22-4
 Oscillatory Combustion of 3 candles (speed x0.15) (youtube, Hiroyuki KITAHATA, 21.10.2013), 

https://youtu.be/9E-KDPDM1sk
 Static Combustion of a 1 candle (speed x0.15) (youtube, Hiroyuki KITAHATA, 21.10.2013), 

https://youtu.be/c8xrqbf0gPQ
 Wikipedia: Kuramoto model, https://en.wikipedia.org/wiki/Kuramoto_model
 N. Fujisawa, K. Imaizumi, and T. Yamagata. Synchronization of dual diffusion flame in co-flow. 

Exp. Therm. Fluid Sci. 110, 109924 (2020)
 T. Chen, X. Guo, J. Jia, and J. Xiao. Frequency and phase characteristics of candle flame 

oscillation. Sci. Reports 9, 1, 342 (2019)
 K. Manoj, S. A. Pawar, S. Dange, S. Mondal, R. I. Sujith, E. Surovyatkina, and J. Kurths. 

Synchronization route to weak chimera in four candle-flame oscillators. Phys. Rev. E 100, 6, 
062204 (2019)

 S. Dange, S. A. Pawar, K. Manoj, and R. I. Sujith. Role of buoyancy-driven vortices in inducing 
different modes of coupled behaviour in candle-flame oscillators. AIP Advances 9, 1, 015119 
(2019)



  

Background reading
 K. Takagi, H. Gotoda, T. Miyano, S. Murayama, and I. T. Tokuda. Synchronization of two coupled 

turbulent fires. Chaos 28, 4, 045116 (2018) 
 T. Yang, X. Xia, and P. Zhang. Vortex-dynamical interpretation of anti-phase and in-phase 

flickering of dual buoyant diffusion flames (2018), arXiv:1803.10411 [physics.flu-dyn]
 K. Manoj, S. A. Pawar, and R. I. Sujith. Experimental evidence of amplitude death and phase-flip 

bifurcation between in-phase and anti-phase synchronization. Sci. Reports 8, 11626 (2018)
 K. Okamoto, A. Kijima, Y. Umeno, and H. Shima. Synchronization in flickering of three-coupled 

candle flames. Sci. Reports 6, 36145 (2016)
 D. M. Forrester. Arrays of coupled chemical oscillators. Sci. Reports 5, 1, 16994 (2015), 

arXiv:1606.01556 [physics.chem-ph]
 H. Kitahata, J. Taguchi, M. Nagayama, T. Sakurai, Y. Ikura, A. Osa, Y. Sumino, M. Tanaka, E. 

Yokoyama, and H. Miike. Oscillation and synchronization in the combustion of candles. J. Phys. 
Chem. A 113, 29, 8164-8168 (2009)



  

Prob. No. 6 “Irreversible Cartesian diver”
A simple Cartesian diver (e.g. an inverted test tube partially filled with water) is placed 
in a long vertical tube filled with water. Increasing the pressure in the tube forces the 
Cartesian diver to sink. When it reaches a certain depth, it never returns to the surface 
even if the pressure is changed back to its initial value. Investigate this phenomenon 
and how it depends on relevant parameters.

[Phil Hollenback 2013]



  

Background reading
 Making a Cartesian Squidy Diver (youtube, S J James, 26.06.2022), 

https://youtu.be/Tuj2x0FhEhw
 CARTESIAN DIVER: How to make! (youtube, Questacon, 22.07.2020), 

https://youtu.be/x3bM0UOS4kY
 Science at Home - Cartesian Diver (youtube, TWOSETV, 08.04.2020), 

https://youtu.be/u7bxdZJzXvU
 Buoyancy & Pressure in Fluids: Soda Bottle Cartesian Diver (youtube, TeachEngineering, 

06.03.2020), https://youtu.be/soIey3Q2moE
 Can You Solve The Reverse Cartesian Diver Problem? (youtube, The Action Lab, 25.08.2019), 

https://youtu.be/ob2CC7cTy_Y
 Cartesian Diver Science Experiment for Kids (youtube, RonyesTech, 01.08.2019), 

https://youtu.be/DU8wONWjIXg
 Cartesian diver (youtube, MEL Science, 26.04.2019), https://youtu.be/6Jpue5-x4_8
 How To Make A Cartesian Diver (youtube, D!NG, 15.03.2019), https://youtu.be/i0Goh3u2KhU
 Bottle Diver Experiment - Cartesian Diver (youtube, YouLab, 10.03.2019), 

https://youtu.be/C3YxaRzXt9g
 Magic Jellyfish Fairy (Magic Swimmers Warm Fuzzy Swimming Creatures Fun Novelty Toy) 

(youtube, Seedblings, 10.09.2018), https://youtu.be/jH6SHh-gwAQ
 Задача-демонстрация. Будущее Сибири 2016 - 2017. (youtube, Будущее Сибири, 

21.03.2017), https://youtu.be/BiOCHgdU7j8



  

Background reading
 Physics of toys-Big Cartesian divers-part 2 // Homemade Science with Bruce Yeany (youtube, 

Bruce Yeany, 29.05.2016), https://youtu.be/TMju6WzDnHI
 Physics of toys- Cartesian diver ideas-part 1 // Homemade Science with Bruce Yeany (youtube, 

Bruce Yeany, 29.05.2016), https://youtu.be/xFT-n6bdy8Q
 Cartesian Diver construction and explanation (youtube, Dan MacIsaac, 18.07.2015), 

https://youtu.be/ngct-ryamDc
 Cartesian Divers (youtube, ScienceOnline, 23.02.2014), https://youtu.be/QukS1pxoezY
 Le caraffine di Magiotti (youtube, reinventoreTV, 24.12.2013), https://youtu.be/m9Fj6z_VOKc
 Density and the Cartesian Diver (youtube, funsciencedemos, 30.09.2013), 

https://youtu.be/16Ak30_VukA
 Cartesian Diver (youtube, Physics Lens, 28.09.2013), https://youtu.be/RLA8t-lpiOY
 Cartesian Diver - Sick Science! #138 (youtube, Sick Science!, 07.05.2013), 

https://youtu.be/s5eIRjmor1w
 Cartesian Divers (youtube, FlinnScientific, 20.12.2012), https://youtu.be/F5ITsJY8UQQ
 Cartesian Diver-sions (youtube, FlinnScientific, 19.12.2012), https://youtu.be/A-xUp3R0OAA
 How To Make a Squidy - Cartesian Diver (youtube, S J James, 24.05.2011), 

https://youtu.be/5LLwTIkRZAU
 Soda Bottle Diver - Cartesian Diver (youtube, SpanglerScienceTV, 13.01.2011), 

https://youtu.be/ljvp-iR18Ko
 Soda Bottle Diver - Cartesian Diver (youtube, Sick Science!, 20.04.2010), 

https://youtu.be/sNOXFiJ4IDU



  

Background reading
 Wikipedia: Cartesian diver, https://en.wikipedia.org/wiki/Cartesian_diver
 J. Bley, A. Pietz, A. Fösel, M. Schmiedeberg, S. Heusler, and A. Pusch. Physics competitions in 

the time of a pandemic: 3D printing as a new approach to the quantitative investigation of 
Cartesian divers at home. Eur. J. Phys. 43, 1, 014001 (2022)

 R. De Luca and S. Ganci. A lot of good physics in the Cartesian diver. Phys. Educ. 46, 5, 528-
532 (2011)

 N. Amir and R. Subramaniam. Making a fun Cartesian diver: A simple project to engage 
kinaesthetic learners. Phys. Educ. 42, 5, 478-480 (2007)

 G. Planinšič, M. Kos, and R. Jerman. Two-liquid Cartesian diver. Phys. Educ. 39, 1, 58-64 (2004)
 J. Güémez, C. Fiolhais, and M. Fiolhais. A demonstration apparatus for the Cartesian diver. 

Phys. Teach. 41, 8, 495-496 (2003)
 J. Güémez, C. Fiolhais, and M. Fiolhais. The Cartesian diver and the fold catastrophe. Am. J. 

Phys. 70, 7, 710-714 (2002)
 K. Linderstrøm-Lang. Principle of the Cartesian diver applied to gasometric technique. Nature 

140, 3533, 108 (1937)
 J. Satterly. A Cartesian diver experiment. Nature 122, 3064, 97 (1928)
 How Does The Cartesian Diver Experiment Work? (William Orem, indianapublicmedia.org, June 

7, 2011), https://indianapublicmedia.org/amomentofscience/cartesian-diver-experiment-
work.php

 The René Descartes Experiment (William Orem, indianapublicmedia.org, June 6, 2011), 
https://indianapublicmedia.org/amomentofscience/rene-descartes-experiment.php



  

Background reading
 The Cartesian diver (physics.ucsb.edu), 

http://web.physics.ucsb.edu/~lecturedemonstrations/Composer/Pages/36.37.html
 How Does the Diver Work? (bemidjistate.edu), 

https://www.bemidjistate.edu/academics/departments/science/k12-science-units/cartesisan-
diver.pdf



  

Problem No. 7 “Bead dynamics”
A circular hoop rotates about a vertical diameter. A small bead is allowed to roll in a 
groove on the inside of the hoop. Investigate the relevant parameters affecting the 
dynamics of the bead.

[Golf bear 2020]



  

Background reading
 PHYS2113 2023 Video 8 -- Bead on a Spinning Hoop (youtube, UNSW Physics, 01.06.2021), 

https://youtu.be/ph1khuqRM-g
 Lagrangian Mechanics: Bead on a rotating Hoop (youtube, Physics Explained, 13.05.2021), 

https://youtu.be/f5GwMJXq-IY
 IYPT BEAD DYNAMICS 離心機 (youtube, Golf bear, 24.03.2021), 

https://www.youtube.com/shorts/RBl3Frj4LFo
 IYPT 2021 - Bead Dynamics | Visual Simulation (youtube, 권순호 , 03.02.2021), 

https://youtu.be/0LPNeUSdGWo
 bead dynamics IYPT 2021 離心機 (youtube, Golf bear, 07.12.2020), https://youtu.be/28Naq8-

ejBc
 IYPT 2021 №7 Bead Dynamics (Movement of the beads to a constant angle) (youtube, 

ЭйНШтейн, 29.08.2020), https://youtu.be/26hVS2dnrBk
 IYPT 2021 №7 Bead Dynamics (in an inertial reference frame) (youtube, ЭйНШтейн, 

23.08.2020), https://youtu.be/6CKO0gvGB-g
 IYPT 2021 №7 Bead Dynamics (in the Hoop frame of reference) (youtube, ЭйНШтейн, 

23.08.2020), https://youtu.be/YIUyTxvole8 
 Finding Lagrangian of bead on a rotating hoop-CSIR NET Problem (youtube, Physics Masters, 

04.10.2019), https://www.youtube.com/live/itGLCji0c5s
 Beads on a Ring (youtube, Viken Kiledjian, 20.08.2017), https://youtu.be/rcgNER9GC3g
 Ex. 7.6 - Bead on a Spinning Wire (youtube, Brian Jackson, 25.02.2017), 

https://youtu.be/Io_7vG1rpDA



  

Background reading
 Mod-01 Lec-15 Bead on a rotating hoop (youtube, nptelhrd, 28.07.2014), 

https://youtu.be/8qbR7SsJB9U
 Vertical Circular Motion - Part 3 - Beads moving on a Wire (youtube, Simple Science & 

Technology, 30.11.2016), https://youtu.be/Nj1FYygC8Fg
 Bead on a Rotating Wire (youtube, Wolfram Demonstrations Project, 06.07.2009), 

https://youtu.be/6i7hDzcFmME
 C. H. C. C. Basquerotto and A. Ruiz. On the reduction of nonlinear mechanical systems via 

moving frames: A bead on a rotating wire hoop and a spinning top. Acta Mechanica 231, 4867-
4879 (2020)

 L. A. Raviola, M. E. Véliz, H. D. Salomone, N. A. Olivieri, and E. E. Rodríguez. The bead on a 
rotating hoop revisited: An unexpected resonance. Eur. J. Phys. 38, 1, 015005 (2017)

 D. V. Balandin and E. S. Shalimova. Bifurcations of the relative equilibria of a heavy bead on a 
hoop uniformly rotating about an inclined axis with dry friction. J. Appl. Math. Mech. 79, 5, 440-
445 (2015)

 A. A. Burov and I. A. Yakushev. Bifurcations of the relative equilibria of a heavy bead on a 
rotating hoop with dry friction. J. Appl. Math. Mech. 78, 5, 460-467 (2014)

 T. E. Baker and A. Bill. Jacobi elliptic functions and the complete solution to the bead on the 
hoop problem. Am. J. Phys. 80, 6, 506-514 (2012), arXiv:1201.4201 [physics.class-ph]

 S. Dutta and S. Ray. Damped bead on a rotating circular hoop - a bifurcation zoo (2012), 
arXiv:1201.1218 [physics.class-ph]



  

Background reading
 S. Dutta and S. Ray. Bead on a rotating circular hoop: A simple yet feature-rich dynamical 

system (2011), arXiv:1112.4697 [physics.class-ph]
 A. K. Johnson and J. A. Rabchuk. A bead on a hoop rotating about a horizontal axis: A one-

dimensional ponderomotive trap. Am. J. Phys. 77, 11, 1039-1048 (2009)
 Lecture 3: Over-damped bead on a rotating hoop, dimensional analysis and dimensionless 

form of equations of motion, introduction to 2-D systems, uniqueness of solution and phase 
space trajectories (D. Kartofelev, cs.ioc.ee, May 16, 2023), 
https://cs.ioc.ee/~dima/YFX1520/LectureNotes_3.pdf

 N. Harnew. Introduction to classical mechanics (ox.ac.uk, 2017), 
https://users.physics.ox.ac.uk/~harnew/lectures/mechanics-lectures-20to29.pdf

 Problem Set 3 Solution (physics.hmc.edu, 23 September 2011), 
http://www.physics.hmc.edu/~saeta/courses/p111/uploads/Y2011/hw03sol.pdf

 Will Bunting, Jack Chen, and Mitchell Stern. Bead on a Rotating Hoop 
(demonstrations.wolfram.com, March 2011), 
https://demonstrations.wolfram.com/BeadOnARotatingHoop/

 R. R. Rosales. Bead moving along a thin, rigid, wire (2004), https://ocw.mit.edu/courses/18-
385j-nonlinear-dynamics-and-chaos-fall-
2004/7f15d4558d3e8cab180482e489de9295_bead_on_wire.pdf

 Worked Example: A Bead on a Rotating Wire Hoop (damtp.cam.ac.uk), 
https://www.damtp.cam.ac.uk/user/reh10/lectures/ia-dyn-handout13.pdf



  

Background reading
 Bead on Hoop (Siva Srinivas Kolukula, sites.google.com), 

https://sites.google.com/site/kolukulasivasrinivas/mechanics/bead-on-a-rotating
 A bead on a spinning wire hoop (Taylor) (physics.stackexchange.com, Feb 24, 2017), 

https://physics.stackexchange.com/questions/314588/a-bead-on-a-spinning-wire-hoop-taylor
 Bead on a Spinning Hoop (107.191.96.171), 

http://107.191.96.171/classes/phys3355_2005_fall/assignments/hw12_Lagrange-ans.pdf
 Bead on a hoop (oberlin.edu), 

https://www2.oberlin.edu/physics/dstyer/ClassicalMechanics/BeadOnHoop.pdf



  

Problem No. 8 “Fuses”
A short length of wire can act as an electrical fuse. Determine how various parameters 
affect the time taken for the fuse to 'blow'.

[Ben Freeman 2022]



  

Background reading
 How Do Fuses Work In Appliances? | Repair and Replace (youtube, AMRE Supply, 22.01.2020), 

https://youtu.be/IlPuioUs5N0
 Fuse vs Circuit Breaker Which Blows Faster (Slow Motion) (youtube, Warped Perception, 

25.09.2019), https://youtu.be/ZtD_ZrPfXrw
 Fuse Wire (youtube, QuantumBoffin, 04.07.2019), https://youtu.be/b75_Scz5Ijc
 Different Types of Fuses Explained - A Galco TV Tech Tip (youtube, GalcoTV, 01.10.2018), 

https://youtu.be/kuthVyWHwqE
 What is an Electric Fuse? | Don't Memorise (youtube, Infinity Learn NEET, 07.09.2018), 

https://youtu.be/BLIYsRwKrkE
 Blowing Fuses in Slow Motion (youtube, Nick Moore, 23.04.2014), https://youtu.be/qgz1lskyYDU
 Electrical fuse burning with increasing current (youtube, Mr Guay Hansen, 27.09.2007), 

https://youtu.be/QjE1k17MsqM
 Wikipedia: Fuse (electrical), https://en.wikipedia.org/wiki/Fuse_(electrical)
 H.-C. Lin, H.-C. Zo, and B.-R. He. Advanced fast large current electronic breaker using 

integration of surge current suppression and current divider sensing methods. J. Sensors 
6256735 (2019)

 E. Murdani. Characterization of copper and nichrome wires for safety fuse. J. Phys.: Conf. Ser. 
776, 012099 (2016)

 A. Pleşca. Numerical thermal analysis of fuse mounted on fuse holder. Heat Transf. Eng. 36, 
18, 1518-1524 (2015)



  

Background reading
 W.-R. Nie, Z.-W. Xi, W.-Q. Xue, and Z.-J. Zhou. Study on inertial response performance of a 

micro electrical switch for fuze. Defence Technology 9, 4, 187-192 (2013)
 W. Bussière. Electric fuses operation, a review: 1. Pre-arcing period. IOP Conf. Ser.: Mater. Sci. 

Eng. 29, 012001 (2012)
 W. Bussière. Electric fuses operation, a review: 2. Arcing period. IOP Conf. Ser.: Mater. Sci. Eng. 

29, 012002 (2012)
 A. Mallik and R. Stout. Simulation methods for predicting fusing current and time for 

encapsulated wire bonds. IEEE Trans. Electr. Packaging Manuf. 33, 4, 255-264 (2010)
 P. Gluck and J. King. Physics of incandescent lamp burnout. Phys. Teach. 46, 1, 29-35 (2008)
 S. A. Voronov, Y. A. Voronov, E. M. Onishchenko, A. B. Simakov, V. V. Sosnovtsev, S. I. Suchkov, 

and T. A. Sugrobova. High-voltage safety fuses for the transition-radiation tracking detector in 
the ATLAS experiment. Instr. Exp. Techn. 47, 2, 191-193 (2004)

 G. T. Nöbauer and H. Moser. Analytical approach to temperature evaluation in bonding wires 
and calculation of allowable current. IEEE Trans. Adv. Packaging 23, 3, 426-435 (2000) 

 R. L. Doughty, T. E. Neal, T. L. Macalady, V. Saporita, and K. Borgwald. The use of low-voltage 
current-limiting fuses to reduce arc-flash energy. IEEE Trans. Ind. Appl. 36, 6, 1741-1749 
(2000)

 X. Z. Meng and J. G. J. Sloot. Reliability concept for electric fuses. IEE Proc. Sci., Measurement 
and Tech. 144, 2, 87-92 (1997)

 R. A. Matula. Electrical resistivity of copper, gold, palladium, and silver. J. Phys. Chem. Ref. 
Data 8, 4, 1147-1298 (1979)



  

Background reading
 E. J. Covington. Hot-spot burnout of tungsten filaments. J. Illum. Eng. Soc. 2, 4, 372-380 (1973)
 W. H. Preece. II. On the heating effects of electric currents. Proc. R. Soc. Lond. 36, 228-231, 

464-471 (1884)
 What is a Fuse Wire & How Does It Work? (linquip.com, November 8, 2022), 

https://www.linquip.com/blog/what-is-a-fuse-wire/
 Different Types of Fuses and their Applications (components101.com, 2 June 2020), 

https://components101.com/articles/different-types-of-fuses-and-their-applications
 Electric Fuse Types (mepits.com, 07 January 2016), 

https://www.mepits.com/tutorial/472/electrical/electric-fuse 
 T. Tanaka and M. Yamasaki. Modeling of fuses for melting time and fusing current analysis. 

Proc. INTELEC 2004: 26th Annu. Int. Telecom. Energy Conf. (Chicago, 19-23 September 2004)
 D. Brooks. Fusing Current: When Traces Melt Without a Trace (1998), 

http://www.antsys.co.kr/data/pdf/fusing.pdf
 A. Mallik and R. Stout. Predicting fusing current for encapsulated wire bonds under transient 

loads (onsemi.com), https://www.onsemi.com/site/pdf/IMAPS-wirefuse_aditi_roger.pdf
 Fuses (allaboutcircuits.com), https://www.allaboutcircuits.com/textbook/direct-current/chpt-

12/fuses



  

Problem No. 9 “Light whiskers”
When a laser beam enters a soap film at a small angle, a rapidly changing pattern of 
thin, branching light tracks may appear inside the film. Explain and investigate this 
phenomenon.

[kypt_team 2020]



  

Background reading
 Light whisker (youtube, 陳以樂 , 05.12.2020), https://youtu.be/Rbe5R9i9Ll4
 Light whisker 2 (youtube, 陳以樂 , 05.12.2020), https://youtu.be/52JoKDI9v04
 Блуждающие лучи в мыльной плёнке (youtube, GetAClass - Физика в опытах и 

экспериментах, 29.10.2020), https://youtu.be/usp8PSbgVCQ
 DIY Branched Flow of Light (youtube, Caleb Allen, 05.07.2020), 

https://www.youtube.com/shorts/Q0XUejdcvqE
 The laser show in a soap bubble (youtube, nature video, 01.07.2020), 

https://youtu.be/UNCNp1tBqKY
 Observation of Branched Flow of Light in a Soap Bubble from Technion (youtube, Technion, 

01.07.2020), https://youtu.be/StGRtGa1J8A
 Луч лазера в мыльном пузыре ● 3 (youtube, GetAClass - Физика в опытах и 

экспериментах, 09.06.2020), https://youtu.be/Lts0QdJAWJY
 Луч лазера в мыльном пузыре ● 2 (youtube, GetAClass - Физика в опытах и 

экспериментах, 07.06.2020), https://youtu.be/nbnASEaK4qY
 Луч лазера в мыльном пузыре ● 1 (youtube, GetAClass - Физика в опытах и 

экспериментах, 06.06.2020), https://youtu.be/6NxMLhpHIzc
 A. Patsyk, U. Sivan, M. Segev, and M. A. Bandres. Observation of branched flow of light. Nature 

583, 60-65 (2020)
 A. Brandstötter, A. Girschik, P. Ambichl, and S. Rotter. Shaping the branched flow of light 

through disordered media. PNAS 116, 27, 13260-13265 (2019)



  

Background reading
 O. Emile and J. Emile. Soap films as 1D waveguides. Optofluidics, Microfluidics and Nanofluidics 

1, 1, 27-33 (2014)
 J. Emile, O. Emile, and F. Casanova. Light guiding properties of soap films. Europhys. Lett. 101, 

3, 34005 (2013)
 A. V. Startsev and Y. Y. Stoilov. Laser tracks in rainbow films on water. Quantum Electronics 42, 

8, 750-752 (2012)
 A. V. Startsev and Y. Y. Stoilov. On the nature of laser polariton tracks in soap films. Quantum 

Electronics 34, 6, 569-571 (2004)
 Y. Y. Stoilov. Laser beam in a soap film. Physics-Uspekhi 47, 12, 1261-1270 (2004)
 A. V. Startsev and Y. Y. Stoilov. A miracle happening to a laser beam in a soap film. Quantum 

Electronics 33, 5, 380-382 (2003)
 А. В. Старцев и Ю. Ю. Стойлов. Игра лазерного трека с ребром в мыльной пленке. 

Фотоника 4, 442-447 (2018), https://www.photonics.su/files/article_pdf/6/article_6874_766.pdf
 А. В. Старцев и Ю. Ю. Стойлов. Мыльная плёнка на паутине как объект оптических 

исследований (ФИАН, препринт 10, 2016), https://preprints.lebedev.ru/wp-
content/uploads/2016/11/10.pdf, http://preprints.lebedev.ru/files/011116/dyn.MTS, 
http://preprints.lebedev.ru/files/011116/poloski.MTS, 
http://preprints.lebedev.ru/files/011116/track.MTS



  

Background reading
 Ю. Ю. Стойлов. О странном отражении лазерных треков от прозрачного ребра жидкой 

плёнки и о возможности управления ими (ФИАН, препринт 11, 2015), 
https://preprints.lebedev.ru/wp-content/uploads/2015/10/11.pdf, 
http://preprints.lebedev.ru/files/271015/reflection.ppt, 
http://preprints.lebedev.ru/files/271015/solaris15.mp4

 Ю. Стойлов. Оптические опыты с мыльно-желатиновой пленкой. Фотоника 5, 82-88 
(2014), https://www.photonics.su/files/article_pdf/4/article_4331_285.pdf

 А. В. Старцев и Ю. Ю. Стойлов. Лазерные треки в желатиновой плёнке (ФИАН, препринт 
2, 2014), http://preprints.lebedev.ru/wp-content/uploads/2014/05/02-2014color.pdf

 А. В. Старцев и Ю. Ю. Стойлов. К механизму образования лазерных треков в мыльной 
пленке (ФИАН, препринт 7, 2013), https://preprints.lebedev.ru/wp-
content/uploads/2013/12/7.pdf

 А. В. Старцев и Ю. Ю. Стойлов. Лазерные треки в жидких и твёрдых плёнках на 
кварцевой подложке (ФИАН, препринт 8, 2012), http://preprints.lebedev.ru/wp-
content/uploads/2012/12/08-2012.pdf

 А. В. Старцев и Ю. Ю. Стойлов. Лазерные треки в радужной жидкой плёнке на твёрдой 
подложке (ФИАН, препринт 6, 2012), http://preprints.lebedev.ru/wp-
content/uploads/2012/06/preprint_06-12.pdf

 А. В. Старцев и Ю. Ю. Стойлов. Лазерные треки в радужной плёнке на воде (ФИАН, 
препринт 2, 2012), http://preprints.lebedev.ru/wp-content/uploads/2012/04/stoilov_0212.pdf



  

Background reading
 Ю. Ю. Стойлов. Излучение лазерных треков в тонких пленках и потребность 

теоретического описания (ФИАН, препринт 30, 2011), http://preprints.lebedev.ru/wp-
content/uploads/2011/12/stoilov_cvet.pdf, http://preprints.lebedev.ru/wp-
content/uploads/2011/12/otrag_treka_ot_kapli.mpg, http://preprints.lebedev.ru/wp-
content/uploads/2011/12/poloski_na_ekrane.mpg, http://preprints.lebedev.ru/wp-
content/uploads/2011/12/vid_ustanovki.mpg

 Ю. Стойлов. Механизм образования световых каналов в тонких плёнках. Фотоника 1, 2-9 
(2011), http://www.photonics.su/files/article_pdf/2/article_2466_322.pdf

 Ю. Ю. Стойлов. Особенности распространения световых каналов в тонких плёнках 
(ФИАН, препринт 8, 2009), http://preprints.lebedev.ru/wp-
content/uploads/2011/12/2009_8.pdf

 А. В. Старцев и Ю. Ю. Стойлов. Симфония оптических треков (ФИАН, препринт 5, 2008), 
http://preprints.lebedev.ru/wp-content/uploads/2011/12/2008_5.pdf, 
http://preprints.lebedev.ru/wp-content/uploads/2011/12/2008_5_images.rar, 
http://preprints.lebedev.ru/wp-content/uploads/2011/12/2008_5_1.wmv, 
http://preprints.lebedev.ru/wp-content/uploads/2011/12/2008_5_2.wmv



  

Background reading
 А. В. Старцев и Ю. Ю. Стойлов. Дополнение к свойствам треков в мыльных плёнках и о 

природе их образования (ФИАН, препринт 6, 2007), http://preprints.lebedev.ru/wp-
content/uploads/2011/12/2007_6.pdf, http://preprints.lebedev.ru/wp-
content/uploads/2011/12/2007_img_6.rar, http://preprints.lebedev.ru/wp-
content/uploads/2011/12/2007_1.avi, http://preprints.lebedev.ru/wp-
content/uploads/2011/12/2007_2.avi, http://preprints.lebedev.ru/wp-
content/uploads/2011/12/2007_3.avi, http://preprints.lebedev.ru/wp-
content/uploads/2011/12/2007_4.avi, http://preprints.lebedev.ru/wp-
content/uploads/2011/12/2007_5.avi

 А. В. Старцев и Ю. Ю. Стойлов. О двойном лучепреломлении в мыльных плёнках (ФИАН, 
препринт 12, 2005), http://preprints.lebedev.ru/wp-content/uploads/2011/12/2005_12.pdf

 А. В. Старцев и Ю. Ю. Стойлов. О природе лазерных поляритонных треков в мыльной 
плёнке (ФИАН, препринт 22, 2003), http://preprints.lebedev.ru/wp-
content/uploads/2011/12/2003_22.pdf

 А. В. Старцев и Ю. Ю. Стойлов. Рецепт чуда: "Лазерный луч в мыльной плёнке" (ФИАН, 
препринт 2, 2003), http://preprints.lebedev.ru/wp-content/uploads/2011/12/Stoilov.pdf, 
http://preprints.lebedev.ru/wp-content/uploads/2011/12/stoilov_divx.avi

 А. В. Старцев и Ю. Ю. Стойлов. Мыльная пленка - как объект оптических исследований 
(Лазерный луч в мыльной пленке – продолжение), 
https://web.archive.org/web/20180508152740/http://astro.websib.ru/sites/default/files/userfiles
/milo_plenka.pdf



  

Problem No. 10 “Spin drift”
When a ring is set to roll in a parabolic bowl, interesting motion patterns may arise. 
Investigate this phenomenon.

[ExplorerS 2019]



  

Background reading
 Spin Drift IYPT 2021 Problem 10 Demonstration (youtube, Canadian Young Physicists’ 

Tournament, 15.01.2021), https://youtu.be/1pO9vtX-wNQ
 Spindrift (youtube, ExplorerS, 29.05.2019), https://youtu.be/S8MX2Y1NW80
 May 28, 2019 (youtube, ExplorerS, 29.05.2019), https://youtu.be/Eb-9w2AMvpw
 Spin Drift by Shawn Lani (youtube, ExplorerS, 28.03.2019), https://youtu.be/4vD9tR9vQ20
 Spindrift (youtube, ExplorerS, 29.09.2014), https://youtu.be/ktDf2xZ1cQ8
 Wikipedia: Euler's Disk, https://en.wikipedia.org/wiki/Euler%27s_Disk
 A. A. Burov and E. S. Shalimova. Bifurcations of relative equilibria of a heavy bead on a rotating 

parabolic bowl with dry friction. Mechanics of Solids 51, 395-405 (2016)
 M. Abbas Jalali and M.-R. Alam. The surprising dynamics of rolling rings. Phys. Today 69, 2, 70-

71 (2016)
 M. Abbas Jalali, M. S. Sarebangholi, and M.-R. Alam. Terminal retrograde turn of rolling rings. 

Phys. Rev. E 92, 3, 032913 (2015)
 G. D. White. On trajectories of rolling marbles in cones and other funnels. Am. J. Phys. 81, 12, 

890-898 (2013)
 L. Q. English and A. Mareno. Trajectories of rolling marbles on various funnels. Am. J. Phys. 80, 

11, 996-1000 (2012)
 R. I. Leine. Experimental and theoretical investigation of the energy dissipation of a rolling disk 

during its final stage of motion. Arch. Appl. Mech. 79, 1063-1082 (2009)



  

Background reading
 I. Campos, J. L. Fernández-Chapou, A. L. Salas-Brito, and C. A. Vargas. A sphere rolling on the 

inside surface of a cone. Eur. J. Phys. 27, 3, 567-576 (2006)
 Y. Yavin. Modelling and control of the motion of a disk rolling on a spherical dome. Math. 

Comput. Model. 35, 9-10, 931-939 (2002)
 Y. Yavin. Modelling of the motion of a disk rolling on a smooth rigid surface. Appl. Math. Lett. 

15, 7, 815-818 (2002)
 R. López-Ruiz and A. F. Pacheco. Sliding on the inside of a conical surface. Eur. J. Phys. 23, 5, 

579-589 (2002)
 A. J. McDonald and K. T. McDonald. The rolling motion of a disk on a horizontal plane (2000), 

arXiv:physics/0008227 [physics.class-ph], 
http://kirkmcd.princeton.edu/examples/rollingdisk.pdf

 Spindrift (Shawn Lani, exploratorium.edu), https://www.exploratorium.edu/exhibits/spindrift



  

Problem No. 11 “Guitar string”
A periodic force is applied to a steel guitar string using an electromagnet. Investigate 
the motion of the guitar string around its resonance frequency.

[~jar{} 2011]



  

Background reading
 The Physics of Guitar Strings (youtube, M Soo, 11.04.2021), https://youtu.be/DulO-cL6SVQ
 IYPT 2021 №11 Guitar String (youtube, ЭйНШтейн, 22.02.2021), 

https://youtu.be/WLmarkozobQ
 Wikipedia: String (music), https://en.wikipedia.org/wiki/String_(music)
 Wikipedia: String vibration, https://en.wikipedia.org/wiki/String_vibration
 Wikipedia: Harmonic oscillator, https://en.wikipedia.org/wiki/Harmonic_oscillator
 Wikipedia: Resonance, https://en.wikipedia.org/wiki/Resonance
 M. Carlà and S. Straulino. Measurements on a guitar string as an example of a physical 

nonlinear driven oscillator. Am. J. Phys. 85, 8, 587-595 (2017)
 P. Perov, W. Johnson, and N. Perova-Mello. The physics of guitar string vibrations. Am. J. Phys. 

84, 1, 38-43 (2016)
 S. B. Whitfield and K. B. Flesch. An experimental analysis of a vibrating guitar string using high-

speed photography. Am. J. Phys. 82, 2, 102-109 (2014)
 T. C. Molteno and N. B. Tufillaro. An experimental investigation into the dynamics of a string. 

Am. J. Phys. 72, 9, 1157-1169 (2004)
 D. R. Rowland. Parametric resonance and nonlinear string vibrations. Am. J. Phys. 72, 6, 758-

766 (2004)
 M. C. Brito, J. M. Alves, J. M. Serra, and A. Vallera. Observing nonlinear effects in vibrating 

strings (2004), arXiv:physics/0403128 [physics.ed-ph]
 N. H. Fletcher. The nonlinear physics of musical instruments. Rep. Prog. Phys. 62, 5, 723-764 

(1999)



  

Background reading
 A. K. Bajaj and J. M. Johnson. On the amplitude dynamics and crisis in resonant motion of 

stretched strings. Phil. Trans.: Physical Sci. and Eng. 338, 1649, 1-41 (1992)
 N. B. Tufillaro. Nonlinear and chaotic string vibrations. Am. J. Phys. 57, 5, 408-414 (1989)
 J. M. Johnson and A. K. Bajaj. Amplitude modulated and chaotic dynamics in resonant motion of 

strings. J. Sound Vib. 128, 1, 87-107 (1989)
 R. J. Hanson. Optoelectronic detection of string vibration. Phys. Teach. 25, 3, 165-166 (1987)
 J. A. Elliott. Intrinsic nonlinear effects in vibrating strings. Am. J. Phys. 48, 6, 478-480 (1980)
 R. Narasimha. Non-linear vibration of an elastic string. J. Sound Vib. 8, 1, 134-146 (1968)
 J. W. Miles. Stability of forced oscillations of a vibrating string. J. Acoust. Soc. Am. 38, 5, 855-

861 (1965)
 D. W. Oplinger. Frequency response of a nonlinear stretched string. J. Acoust. Soc. Am. 32, 12, 

1529-1538 (1960)
 E. W. Lee. Non-linear forced vibration of a stretched string. Br. J. Appl. Phys. 8, 10, 411-413 

(1957)



  

Problem No. 12 “Wilberforce pendulum”
A Wilberforce pendulum consists of a mass hanging from a vertically oriented helical 
spring. The mass can both move up and down on the spring and rotate about its 
vertical axis. Investigate the behaviour of such a pendulum and how it depends on 
relevant parameters.

[xofunkox-scientific experiments 2020]



  

Background reading
 The Amazing Physics Of The Wilberforce Pendulum (youtube, The Action Lab, 23.12.2020), 

https://youtu.be/M0Zjl_tMOZg
 Маятник Уилберфорса ● 2 (youtube, GetAClass - Физика в опытах и экспериментах, 

13.10.2020), https://youtu.be/53bWufN1IO0
 Маятник Уилберфорса ● 1 (youtube, GetAClass - Физика в опытах и экспериментах, 

08.10.2020), https://youtu.be/U1Ad4RhKRMQ
 3A70.10 - Wilberforce Pendulum (youtube, UMDemoLab, 14.09.2020), 

https://youtu.be/BaGeI_mlunQ
 IYPT 2021 №12 Wilberforce Pendulum and cat Esenia (youtube, ЭйНШтейн, 23.08.2020), 

https://youtu.be/-beiNF-Z5Os
 IYPT 2021 №12 Wilberforce Pendulum (youtube, ЭйНШтейн, 23.08.2020), https://youtu.be/u-

irUb83SXw
 IYPT 2021 №12 Wilberforce Pendulum - Model (youtube, ЭйНШтейн, 17.08.2020), 

https://youtu.be/c0YShREnsWs
 Wilberforce pendulum (youtube, xofunkox-scientific experiments, 15.06.2020), 

https://youtu.be/UDXcYJldOYc
 Wilberforce Pendulum_Experiment phenomenon (youtube, Jiaying Zhang, 23.05.2019), 

https://youtu.be/pgN87Vg6Jug
 Wilberforce Pendulum (3a70.10) (youtube, Christopher Ertl, 17.10.2018), 

https://youtu.be/qmOEAG3jVek



  

Background reading
 Wilberforce Pendulum - H (youtube, M. Umar Hasan, 07.09.2018), 

https://youtu.be/90EJRUwkYoQ
 Wilberforce Pendulum - D (youtube, M. Umar Hasan, 07.09.2018), 

https://youtu.be/TgdKSOmYjZY
 WF Pendulum (youtube, WSU Physics Videos, 19.04.2018), https://youtu.be/JRZG26VWOFw
 Beat in free vibration (Wilberforce Pendulum) / Schwebungen (youtube, Mechanik Uni Kassel, 

12.04.2018), https://youtu.be/OWjap-1iQbU
 IOLab crude Wilberforce Pendulum (youtube, phys142media, 27.10.2017), 

https://youtu.be/5MBf8uZU0Ng
 Wilberforce Pendulum 1.0 at PHELMA (2017) (youtube, Alexis Nuttin, 12.06.2017), 

https://youtu.be/adbEdh-p3_k
 Ealing Film-Loops 80-215 - Wilberforce Pendulum (youtube, amt253, 06.04.2017), 

https://youtu.be/3K3aYyoIL5M
 3A70.10 Wilberforce Pendulum (youtube, wesphysdemo, 04.10.2016), 

https://youtu.be/aFMtthr1BDs
 Wilberforce pendulum Top # 6 Facts (youtube, Dorethea, 01.11.2015), 

https://youtu.be/YAFfCxiCfLE
 Wilberforce Pendulum (youtube, Iftikhar Azam, 19.10.2015), https://youtu.be/C1aSBeCFPzk
 Wilburforce & Double Pendulums Demonstrate Resonance // Homemade Science with Bruce 

Yeany (youtube, Bruce Yeany, 15.02.2015), https://youtu.be/VjnfLaSVBEM
 Wilberforce Pendulum (youtube, nopvelthuizen, 18.01.2015), https://youtu.be/jJ7Hopu7NlQ



  

Background reading
 Wilberforce pendulum (youtube, Thomas Carl Pion, 24.06.2014), 

https://youtu.be/ms7gf7RH55g
 PH ME CE DEMO 70041A V0241 Wilberforce Pendulum (youtube, UniServeScienceVIDEO, 

17.02.2013), https://youtu.be/9yVew0--jzw
 Маятник Уилберфорса (youtube, LightningAndrew, 09.05.2012), https://youtu.be/btps_-DTEks
 Wilberforce Pendulum (youtube, SMUPhysics, 20.05.2010), https://youtu.be/9EnGmhvRVh4
 Wilberforce Pendulum (youtube, NekoTonberry, 30.03.2009), https://youtu.be/dPeaoT_jn1M
 Wilbur Force Pendulum (youtube, bcitphysics, 06.11.2008), https://youtu.be/pNwZ-XUuqZg
 Wilberforce Pendulum (youtube, BerkeleyLectureDemos, 22.03.2008), 

https://youtu.be/S42lLTlnfZc
 Wikipedia: Wilberforce pendulum, https://en.wikipedia.org/wiki/Wilberforce_pendulum
 T. Gallot, D. Gau, and R. García-Tejera. Coupled oscillations of the Wilberforce pendulum 

unveiled by smartphones (2022), arXiv:2212.06949 [physics.ed-ph]
 V. Dos Passos de Souza, P. Gonçalves Queiruga, and E. Marinho Jr. Experimental study of 

coupled oscillations on a Slinky Wilberforce pendulum. Revista Brasileira de Ensino de Física 
44, e20220037 (2022)

 Q. Wen and L. Yang. Theoretical and experimental studies of the Wilberforce pendulum. Eur. J. 
Phys. 42, 6, 064002 (2021)

 M. Avendaño-Camacho, A. Torres-Manotas, and J. A. Vallejo. Closed stable orbits in a strongly 
coupled resonant Wilberforce pendulum (2020), arXiv:2009.13956 [math-ph]



  

Background reading
 P. Devaux, V. Piau, O. Vignaud, G. Grosse, R. Olarte, and A. Nuttin. Cross-camera tracking and 

frequency analysis of a cheap Slinky Wilberforce pendulum. Emergent Scientist 3, 1 (2019), 
https://emergent-scientist.edp-open.org/articles/emsci/pdf/2019/01/emsci180003.pdf

 R. Caballero-Flores. Resolución analítica del péndulo de Wilberforce. Revista Española de Física 
33, 2, 34-40 (2019)

 R. Caballero-Flores & V. M. Prida. Resolución geométrica del péndulo de Wilberforce. Revista 
Española de Física 33, 4 (2019)

 L. Kutsenko, V. Vanin, O. Shoman, P. Yablonskyi, L. Zapolskiy, N. Hrytsyna, S. Nazarenko, V. 
Danylenko, E. Sivak, and S. Shevchenko. Modeling the resonance of a swinging spring based 
on the synthesis of a motion trajectory of its load. East.-Eur. J. Enterprise Techn. 3, 7, 99, 53-64 
(2019), https://journals.uran.ua/eejet/article/view/168909/171387

 B. Kos, M. Grodzicki, and R. Wasielewski. Electronic system for the complex measurement of a 
Wilberforce pendulum. Eur. J. Phys. 39, 3, 035804 (2018)

 M. Hübner and J. Kröger. Experimental verification of the adiabatic transfer in Wilberforce 
pendulum normal modes. Am. J. Phys. 86, 11, 818-824 (2018)

 M. Teresa de Bustos, M. A. López, and R. Martínez. On the periodic orbits of the perturbed 
Wilberforce pendulum. J. Vib. Control 22, 4, 932-939 (2016)

 S. Moradi, J. Anderson, and Ö. D. Gürcan. Predator-prey model for the self-organisation of 
stochastic oscillators in dual populations. Phys. Rev. E 92, 6, 062930 (2015), arXiv:1512.04761 
[nlin.AO]



  

Background reading
 C. J. Yang, W. H. Zhang, G. X. Ren, and X. Y. Liu. Modeling and dynamics analysis of helical 

spring under compression using a curved beam element with consideration on contact 
between its coils. Meccanica 49, 4, 907-917 (2014)

 P. B. Acosta-Humánez, M. Alvarez-Ramírez, D. Blázquez-Sanz, and J. Delgado. Non-integrability 
criterium for normal variational equations around an integrable subsystem and an example: 
The Wilbeforce spring-pendulum (2011), arXiv:1104.0312 [math.DS]

 M. Plavčić, P. Županović, and Ž. Bonačić Lošić. The resonance of the Wilberforce pendulum and 
the period of beats. Lat. Am. J. Phys. Educ. 3, 3, 547-549 (2009), 
https://citeseerx.ist.psu.edu/document?
repid=rep1&type=pdf&doi=d95872b32eb07c004b86ab0dd7f2a9933f823d8a 

 M. Bergou, M. Wardetzky, S. Robinson, B. Audoly, and E. Grinspun. Discrete elastic rods. ACM 
Trans. Graphics 27, 3, 1-12 (2008)

 T. Greczylo and E. Debowska. Using a digital video camera to examine coupled oscillations. 
Eur. J. Phys. 23, 4, 441-447 (2002)

 E. Debowska, S. Jakubowicz, and Z. Mazur. Computer visualization of the beating of a 
Wilberforce pendulum. Eur. J. Phys. 20, 2, 89-95 (1999)

 F. G. Karios and K. C. Mamola. Apparatus for teaching physics: Wilberforce pendulum, 
demonstration size. Phys. Teach. 31, 5, 314-315 (1993)

 P. Chagnon. Animated displays: Coupled mechanical oscillators. Phys. Teach. 30, 5, 275-279 
(1992)



  

Background reading
 R. E. Berg and T. S. Marshall. Wilberforce pendulum oscillations and normal modes. Am. J. 

Phys. 59, 1, 32-38 (1991), https://faraday.physics.utoronto.ca/PHY182S/WilberforceRefBerg.pdf
 U. Köpf. Wilberforce’s pendulum revisited. Am. J. Phys. 58, 9, 833-837 (1990)
 R. Geballe. Statics and dynamics of a helical spring. Am. J. Phys. 26, 5, 287-290 (1958)
 L. R. Wilberforce. XLIV. On the vibrations of a loaded spiral spring. Phil. Mag. 5, 38, 233, 386-

392 (1894)
 A. Iqbal. Applications of an Extended Kalman Filter in nonlinear mechanics (PhD thesis, Univ. of 

Management and Techn., 2019), https://physlab.org/wp-content/uploads/2019/06/Thesis-
compressed.pdf

 T. Greczyło. The use of digital techniques in an investigation of coupled oscillations of a 
Wilberforce pendulum (M.Sc. thesis, Univ. of Wrocław, 2001), 
http://www.greczylo.ifd.uni.wroc.pl/papers/magisterka.pdf

 R. Caballero-Flores & V. M. Prida. Resolución analítica del péndulo de Wilberforce (2019), 
https://core.ac.uk/download/pdf/250411992.pdf

 M. U. Hassan, A. Iqbal, A. Shaheen, and M. S. Anwar. Dynamics of a Wilberforce pendulum 
(2018), https://www.physlab.org/wp-content/uploads/2018/09/Wilberforce_3.pdf

 A. Anand. Analysis of Wilberforce Pendulum (2016), https://wwwmpa.mpa-
garching.mpg.de/~abhijeet/pdf_files/wilberforce_pendulum.pdf



  

Background reading
 T. S. Wilhelm, J. Orndorff, and D. A. Van Baak. The avoided crossing in the normal-mode 

frequencies of a Wilberforce pendulum (joshorndorff.com, 2009), 
https://www.joshorndorff.com/sites/default/files/pages/AvoidedCrossing.pdf, 
https://www.joshorndorff.com/sites/default/files/pages/AvoidedCrossing.doc

 M. Rashidi, S. P. Budhabhatti, and J. L. Frater. Dynamics of a Coulomb damped helical spring: A 
finite element approach. Proc. IMECE2004-59625, 473-478 (2004)

 Quantitative analysis of the Wilberforce pendulum through Lagrangian mechanics (Dan Kriz, 
phas.ubc.ca, April 4th 2004), https://phas.ubc.ca/~berciu/TEACHING/PHYS349/Wilberforce.pdf

 Basic theory and applications of symmetry representations (Abelian symmetry groups). In: 
Principles of Symmetry, Dynamics and Spectroscopy (William G. Harter, Wiley-VCH, 1993), 
https://modphys.hosted.uark.edu/pdfs/PSDS_Pdfs/PSDS_Ch.2_(4.22.10).pdf

 SIMPLIFIED WILBERFORCE PENDULUM (nyu.edu, FEBRUARY 28, 2021), 
https://wp.nyu.edu/jacky_xu/2021/02/28/simplified-wilberforce-pendulum/

 A Smart Wilberforce Pendulum (Keith Clay, vernier.com, August 18, 2017), 
https://www.vernier.com/vernier-ideas/a-smart-wilberforce-pendulum/

 The Wilberforce Pendulum (christian, scipython.com, 17 Dec 2015), 
https://scipython.com/blog/the-wilberforce-pendulum/

 Wilberforce Pendulum (One or two weights) (physics.utoronto.ca, 2012), 
https://faraday.physics.utoronto.ca/IYearLab/Wilberforce%20Pendulum.pdf



  

Background reading
 Wilberforce pendulum. In: Second part: Background on Fourier analysis (bcamath.org, 2012), 

https://web.archive.org/web/20120615051251/http://www.bcamath.org/documentos_public/cou
rses/1_Course2012Chapter2FourierAnalysis.pdf 

 Short experimental projects I. Topic: Wilberforce pendulum (H. K. Wong, phy.cuhk.edu.hk, June 
14, 2011), 
http://www.phy.cuhk.edu.hk/djwang/teachlab/projects/coupledOscillators/Wilberforce.pdf

 Vibrations: Two Degrees of Freedom Systems - Wilberforce Pendulum and Bode Plots (Prof. 
Peacock, 5/14/2007), https://ocw.mit.edu/courses/2-003j-dynamics-and-control-i-spring-
2007/9109d58c9d3b6944028be4e855451696_lec23.pdf

 Wilberforce Pendulum: Instruction Manual No. 012-08397A (phys.vt.edu), 
https://www1.phys.vt.edu/~demo/references/equipment_manuals/wilburforce_ME-8091.pdf

 The Wilberforce pendulum: a complete analysis through RTL and modelling (labtrek.it), 
https://www.labtrek.it/WilberLABTREK.pdf

 THE WILBERFORCE PENDULUM (physics.utoronto.ca), 
https://faraday.physics.utoronto.ca/PHY182S/WilberforcePendulum.pdf

 The Wilberforce Pendulum (demonstrations.wolfram.com), 
https://demonstrations.wolfram.com/TheWilberforcePendulum/

 Jimmy Miller. Investigation of a Wilberforce Pendulum (shopify.com), 
https://cdn.shopify.com/s/files/1/0281/5288/9404/files/WilberforcePendulumPresentation.pdf

 Coupled motions of WilberForce pendulum (Paul Mitiguy), 
http://www.motiongenesis.com/MGWebSite/MGTextbooks/MGTextbookControlVibrationDesignO
fDynamicSystems/WorksheetWilburForcePendulumModesInstructor.pdf



  

Problem No. 13 “Sponge”
A sponge will soak up water at a rate and in a quantity determined by various 
parameters. Investigate how effective a sponge is at drying a wet surface.

[ian wright 2009]



  

Background reading
 2 5 1 Capillary Force Demonstration with sponge (youtube, Selker and Or: Soil Hydrology and 

Biophysics, 08.09.2018), https://youtu.be/so2QxMc4r20
 A more satisfying dried sponge absorbs water. (youtube, Adam Clarkson Travels, 06.10.2015), 

https://youtu.be/v4xNkADJHag
 M. Mirzajanzadeh, V. S. Deshpande, and N. A. Fleck. Water rise in a cellulose foam: By capillary 

or diffusional flow? J. Mech. Phys. Solids 124, 206-219 (2019)
 J. Ha, J. Kim, Y. Jung, G. Yun, D.-N. Kim, and H.-Y. Kim. Poro-elasto-capillary wicking of cellulose 

sponges. Sci. Adv. 4, 3, eaao7051 (2018), 
https://www.science.org/doi/pdf/10.1126/sciadv.aao7051

 J. Kim, J. Ha, and H.-Y. Kim. Capillary rise of non-aqueous liquids in cellulose sponges. J. Fluid 
Mech. 818, R2 (2017)

 L. Peng, S. Yuan, G. Yan, P. Yu, and Y. Luo. Hydrophobic sponge for spilled oil absorption. J. 
Appl. Polymer Sci. 131, 20, 40886 (2014)

 M. Gombia, V. Bortolotti, R. J. S. Brown, M. Camaiti, and P. Fantazzini. Models of water 
imbibition in untreated and treated porous media validated by quantitative magnetic 
resonance imaging. J. Appl. Phys. 103, 9, 094913 (2008)

 D. A. Lockington and J.-Y. Parlange. Anomalous water absorption in porous materials. J. Phys. D: 
Appl. Phys. 36, 6, 760-767 (2003)

 I. Mitkov, D. M. Tartakovsky, and C. Larrabee Winter. Dynamics of wetting fronts in porous 
media. Phys. Rev. E 58, 5, R5245-R5248 (1998), arXiv:patt-sol/9809004



  

Background reading
 What Type Of Sponge Is Most Absorbent? (simplygoodstuff.com), 

https://tips.simplygoodstuff.com/most-absorbent-sponge/
 How does a sponge "suck" up water against gravity? (physics.stackexchange.com, May 31, 

2013), https://physics.stackexchange.com/questions/66625/how-does-a-sponge-suck-up-water-
against-gravity

 J. Bear. Dynamics of fluids in porous media (Dover Publications Inc., New York, 1972)



  

Problem No. 14 “Dynamic hydrophobicity”
When a drop of liquid impacts on a horizontally moving surface, the droplet may be 
reflected or not, depending on the speed of the surface. Investigate the interaction 
between a moving surface and a liquid drop.

[Tom Wicker 2010]



  

Background reading
 Steady drop levitation (Gallery of Fluid Motion 2014) (youtube, Yoshiyuki Tagawa, 17.10.2014), 

https://youtu.be/Btr4kLmqNaw
 Bouncing Water Droplet Falling onto Super-Hydrophobic Surface (youtube, Mizzou Engineering, 

29.10.2009), https://youtu.be/riXp_Q-fDv8
 Wikipedia: Hydrophobe, https://en.wikipedia.org/wiki/Hydrophobe
 E. Sawaguchi, A. Matsuda, K. Hama, M. Saito, and Y. Tagawa. Droplet levitation over a moving 

wall with a steady air film. J. Fluid Mech. 862, 261-282 (2019)
 A. Gauthier, A. Bouillant, C. Clanet, and D. Quéré. Aerodynamic repellency of impacting liquids. 

Phys. Rev. Fluids 3, 5, 054002 (2018)
 H. Almohammadi and A. Amirfazli. Understanding the drop impact on moving hydrophilic and 

hydrophobic surfaces. Soft Matter 13, 10, 2040-2053 (2017)
 A. Gauthier, J. C. Bird, C. Clanet, and D. Quéré. Aerodynamic Leidenfrost effect. Phys. Rev. 

Fluids 1, 8, 084002 (2016)
 C. Josserand and S. T. Thoroddsen. Drop impact on a solid surface. Annu. Rev. Fluid Mech. 48, 

1, 365-391 (2016)
 D. G. K. Aboud and A.-M. Kietzig. Splashing threshold of oblique droplet impacts on surfaces of 

various wettability. Langmuir 31, 36, 10100-10111 (2015)
 G. Riboux and J. M. Gordillo. Experiments of drops impacting a smooth solid surface: A model of 

the critical impact speed for drop splashing. Phys. Rev. Lett. 113, 2, 024507 (2014)
 J. M. Kolinski, L. Mahadevan, and S. M. Rubinstein. Lift-off instability during the impact of a drop 

on a solid surface. Phys. Rev. Lett. 112, 13, 134501 (2014)



  

Background reading
 C. Antonini, F. Villa, and M. Marengo. Oblique impacts of water drops onto hydrophobic and 

superhydrophobic surfaces: outcomes, timing, and rebound maps. Exp. Fluids 55, 4, 1713 
(2014)

 H. Lhuissier, Y. Tagawa, T. Tran, and C. Sun. Levitation of a drop over a moving surface. J. Fluid 
Mech. 733, R4 (2013)

 T. Gilet and J. W. M. Bush. Droplets bouncing on a wet, inclined surface. Phys. Fluids 24, 12, 
122103 (2012)

 T.-S. Zen, F.-C. Chou, and J.-L. Ma. Ethanol drop impact on an inclined moving surface. Int. 
Commun. Heat Mass Transf. 37, 8, 1025-1030 (2010)

 P. Tsai, S. Pacheco, C. Pirat, L. Lefferts, and D. Lohse. Drop impact upon micro- and 
nanostructured superhydrophobic surfaces. Langmuir 25, 20, 12293-12298 (2009), 
arXiv:0901.4228 [physics.flu-dyn]

 T. Gilet and J. W. M. Bush. The fluid trampoline: Droplets bouncing on a soap film. J. Fluid Mech. 
625, 167-203 (2009)

 J. C. Bird, S. S. H. Tsai, and H. A. Stone. Inclined to splash: Triggering and inhibiting a splash 
with tangential velocity. New J. Phys. 11, 6, 063017 (2009)

 R. Rioboo, M. Vou, A. Vaillant, and J. De Coninck. Drop impact on porous superhydrophobic 
polymer surfaces. Langmuir 24, 24, 14074-14077 (2008)

 Y. C. Jung and B. Bhushan. Dynamic effects of bouncing water droplets on superhydrophobic 
surfaces. Langmuir 24, 12, 6262-6269 (2008)



  

Background reading
 S. F. Lunkad, V. V. Buwa, and K. D. P. Nigam. Numerical simulations of drop impact and 

spreading on horizontal and inclined surfaces. Chem. Engin. Sci. 62, 24, 7214-7224 (2007)
 A. L. Yarin. DROP IMPACT DYNAMICS: Splashing, Spreading, Receding, Bouncing… Annu. Rev. 

Fluid Mech. 38, 1, 159-192 (2006)
 I. S. Bayer and C. M. Megaridis. Contact angle dynamics in droplets impacting on flat surfaces 

with different wetting characteristics. J. Fluid Mech. 558, 415-449 (2006)
 L. Xu, W. W. Zhang, and S. R. Nagel. Drop splashing on a dry smooth surface. Phys. Rev. Lett. 

94, 18, 184505 (2005), arXiv:physics/0501149v1 [physics.flu-dyn]
 R. H. Chen and H. W. Wang. Effects of tangential speed on low-normal-speed liquid drop 

impact on a non-wettable solid surface. Exp. Fluids 39, 4, 754-760 (2005)
 Š. Šikalo, C. Tropea, and E. N. Ganić. Impact of droplets onto inclined surfaces. J. Colloid 

Interface Sci. 286, 2, 661-669 (2005)
 A.-L. Biance, C. Clanet, and D. Quéré. First steps in the spreading of a liquid droplet. Phys. Rev. 

E 69, 1, 016301 (2004), https://web.archive.org/web/20041223125703/https://www.irphe.univ-
mrs.fr/~clanet/PaperFile/PRE16301.pdf

 C. Clanet, C. Béguin, D. Richard, and D. Quéré. Maximal deformation of an impacting drop. J. 
Fluid Mech. 517, 199-208 (2004), 
https://web.archive.org/web/20041223125639/https://www.irphe.univ-
mrs.fr/~clanet/PaperFile/JFM-impacts.pdf



  

Background reading
 Y. Renardy, S. Popinet, L. Duchemin, M. Renardy, S. Zaleski, C. Josserand, M. A. Drumright-

Clarke, D. Richard, C. Clanet, and D. Quéré. Pyramidal and toroidal water drops after impact on 
a solid surface. J. Fluid Mech. 484, 69-83 (2003), 
https://web.archive.org/web/20040713052856/https://www.irphe.univ-
mrs.fr/~clanet/PaperFile/JFM-impact.PDF

 K. Okumura, F. Chevy, D. Richard, D. Quéré, and C. Clanet. Water spring: A model for bouncing 
drops. Europhys. Lett. 62, 2, 237-243 (2003), 
https://web.archive.org/web/20040710095257/https://www.irphe.univ-
mrs.fr/~clanet/PaperFile/Europhysics62.pdf

 D. Richard, C. Clanet, and D. Quéré. Contact time of a bouncing drop. Nature 417, 811 (2002), 
https://web.archive.org/web/20050305055004/https://www.irphe.univ-
mrs.fr/~clanet/PaperFile/Nature-impact.pdf

 V. Bergeron and D. Quéré. Water droplets make an impact. Phys. World 14, 5, 27-31 (2001), 
https://physicsworld.com/a/water-droplets-make-an-impact/

 R. Rioboo, C. Tropea, and M. Marengo. Outcomes from a drop impact on solid surfaces. 
Atomization and Sprays 11, 2, 155-165 (2001)

 D. Richard and D. Quéré. Bouncing water drops. Europhys. Lett. 50, 6, 769-775 (2000)
 D. Quéré, J. Bico & D. Richard. Le mouillage nul (ou presque). Bull. de la Société Française de 

Physique 125, 8 (2000), http://www.pmmh.espci.fr/~jbico/SFP.pdf
 J. Bico, C. Marzolin, and D. Quéré. Pearl drops. Europhys. Lett. 47, 2, 220-226 (1999), 

https://web.archive.org/web/20041225185936/http://www.pmmh.espci.fr/~jbico/bico99.pdf



  

Background reading
 N. Mourougou-Candoni, B. Prunet-Foch, F. Legay, M. Vignes-Adler, and K. Wong. Retraction 

phenomena of surfactant solution drops upon impact on a solid substrate of low surface 
energy. Langmuir 15, 19, 6563-6574 (1999), https://amu.hal.science/hal-03040435/document

 K. Range and F. Feuillebois. Influence of surface roughness on liquid drop impact. J. Colloid 
Interface Sci. 203, 1, 16-30 (1998)

 T. Mao, D. C. S. Kuhn, and H. Tran. Spread and rebound of liquid droplets upon impact on flat 
surfaces. AIChE J. 43, 9, 2169-2179 (1997)

 Z. Zhang and O. A. Basaran. Dynamic surface tension effects in impact of a drop with a solid 
surface J. Colloid Interface Sci. 187, 1, 166-178 (1997)

 N. Mourougou-Candoni, B. Prunet-Foch, F. Legay, M. Vignes-Adler, and K. Wong. Influence of 
dynamic surface tension on the spreading of surfactant solution droplets impacting onto a low-
surface-energy solid substrate. J. Colloid Interface Sci. 192, 1, 129-141 (1997), 
https://amu.hal.science/hal-03040457/document

 T. Onda, S. Shibuichi, N. Satoh, and K. Tsujii. Super water-repellent fractal surfaces. Langmuir 
12, 9, 2125-2127 (1996)

 M. Rein. Phenomena of liquid drop impact on solid and liquid surfaces. Fluid Dyn. Res. 12, 2, 
61-93 (1993)

 S. Chandra and C. T. Avedisian. On the collision of a droplet with a solid surface. Proc. R. Soc. A 
432, 1884, 13-41 (1991)

 C. D. Stow and M. G. Hadfield. An experimental investigation of fluid flow resulting from the 
impact of a water drop with an unyielding dry surface. Proc. R. Soc. A 373, 1755, 419-441 
(1981)



  

Background reading
 O. A. Povarov, O. I. Nazarov, L. A. Ignat'evskaya, and A. I. Nikol'skii. Interaction of drops with 

boundary layer on rotating surface. J. Engineering Phys. 31, 6, 1453-1456 (1976)
 C. Gordon and K. Smith. Impact of Weber number on the behavior of an impinging water 

droplet (University of Arizona, December 1, 2006), 
https://web.archive.org/web/20090116011521/http://math.arizona.edu/~ksmith/LAB2006.pdf

 E. Kim. Drop impact on various surfaces (New York University, September 21, 2005), 
https://web.archive.org/web/20060510233038/http://www.cims.nyu.edu/vigrenew/ug_research/
EricaKim05.pdf

 C. Clanet. Les gouttes d’eau lancées sur des surfaces hydrophobes peuvent rebondir (Diffusion 
des savoires de l’ENS, 9 février 2005), 
http://savoirs.ens.fr/uploads/sons/2005_02_09_clanet.mp3

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

 A. Frohn and N. Roth. Dynamics of Droplets (Springer Verlag, Berlin, 2000)



  

Problem No. 15 “Rebounding capsule”
A spherical ball dropped onto a hard surface will never rebound to the release height, 
even if it has an initial spin. A capsule-shaped object (i.e. Tic Tac mint) on the other 
hand may exceed the initial height. Investigate this phenomenon.

[Physics Girl 2018]



  

Background reading
 Rebounding capsule (youtube, HAO CHEN YANG, 28.04.2021), https://youtu.be/gnPy2J1yxvY
 IYPT 2021 №15 Rebounding Capsule (Отскок капсулы) (youtube, ЭйНШтейн, 27.07.2020), 

https://youtu.be/FsAFYhUvTt4
 Crazy tic tac bounce!? | EVERYDAY MYSTERIES (youtube, Physics Girl, 03.05.2018), 

https://youtu.be/x4ySPDvebes
 Football Science: Bouncing Tic Tac (youtube, Liz Heinecke, The Kitchen Pantry Scientist, 

02.02.2018), https://youtu.be/DeW09x2fQtY
 Tic Tac Bounce: Rotational Kinetic Energy (youtube, David Uhrich, 21.02.2017), 

https://youtu.be/HauPui0vIGo
 Tic Tac Bounce SloMo (youtube, Kelly O'Shea, 31.08.2015), https://youtu.be/rKf4o1wScgE
 D. B. Hastie. Experimental measurement of the coefficient of restitution of irregular shaped 

particles impacting on horizontal surfaces. Chem. Eng. Sci. 101, 828-836 (2013)
 R. Cross. Bounce of an oval shaped football. Sports Techn. 3, 3, 168-180 (2010), 

http://www.physics.usyd.edu.au/~cross/PUBLICATIONS/49.%20Football.pdf
 R. Bharadwaj, C. Smith, and B. C. Hancock. The coefficient of restitution of some 

pharmaceutical tablets/compacts. Int. J. Pharmaceutics 402, 1-2, 50-56 (2010)
 R. Cross. The fall and bounce of pencils and other elongated objects. Am. J. Phys. 74, 1, 26-30 

(2006)
 Tic Tac Bounce AKA Inventing a New Flavor of Energy Storage (kellyoshea.blog, 2015/08/31), 

https://kellyoshea.blog/2015/08/31/tic-tac-bounce/



  

Problem No. 16 “Ultrasonic pump”
A capillary immersed in an ultrasonic bath works like a pump that can lift water to a 
considerable height. Explain and investigate this phenomenon.

[Игорь Белецкий 2019]



  

Background reading
 Ultrasonic Syringe Pump (youtube, Ultrasonic Liquid Processing - CHEERSONIC, 03.11.2020), 

https://youtu.be/P5rukmIi2Zs
 IYPT 2021 №16 Ultrasonic Pump (youtube, ЭйНШтейн, 27.09.2020), 

https://youtu.be/Gbz0syEVTRE
 � СВЕРХТЕКУЧАЯ ВОДА - уникальный водяной насос на основе ультразвуковой ванны 

Игорь Белецкий (youtube, Игорь Белецкий, 26.11.2019), https://youtu.be/vp2Ez3sgm-Q
 Water pump by Ultrasonic Air Blower! (youtube, microwavemont, 14.05.2017), 

https://youtu.be/opj7XEs_LOk
 Ультразвуковой капиллярный эффект (youtube, Кафедра КЕОА, 23.08.2014), 

https://youtu.be/NfRvfs5f3cg
 I. Tzanakis, W. W. Xu, D. G. Eskin, P. D. Lee, and N. Kotsovinos. In situ observation and analysis 

of ultrasonic capillary effect in molten aluminium. Ultrasonics Sonochemistry 27, 72-80 (2015)
 T. Hasegawa, D. Koyama, K. Nakamura, and S. Ueha. Modeling and performance evaluation of 

an ultrasonic suction pump. Jpn. J. Appl. Phys. 47, 55, 4248-4252 (2008)
 T. Hasegawa, D. Koyama, K. Nakamura, and S. Ueha. Improvement in the flow rate of a 

miniature ultrasonic suction pump. Jpn. J. Appl. Phys. 46, 7B, 4931-4935 (2007)
 T. Hasegawa, K. Nakamura, and S. Ueha. A miniature ultransonic pump using a bending disk 

transducer and a gap. Ultrasonics 44, suppl., e575-e579 (2006)
 T. Hasegawa, J. Friend, K. Nakamura1, and S. Ueha. Characteristics of ultrasonic suction pump 

without moving parts. Jpn. J. Appl. Phys. 44, 6B, 4658-4661 (2005)



  

Background reading
 C.-H. Yun, T. Hasegawa, K. Nakamura, and S. Ueha. An ultrasonic suction pump with no 

physically moving parts. Jpn. J. Appl. Phys. 43, 5B, 2864-2868 (2004)
 N. V. Dezhkunov and T. G. Leighton. Study into correlation between the ultrasonic capillary 

effect and sonoluminescence. J. Eng. Phys. Thermophys. 77, 1, 53-61 (2004)
 Е. Ю. Розина. Кавитационный режим звукокапиллярного эффекта. Акустичний вiсник 6, 

№1, 48-59 (2003), http://hydromech.org.ua/content/pdf/av/av-06-1(48-59).pdf
 E. Y. Rozina. Effect of pulsed ultrasonic field on the filling of a capillary with a liquid. Colloid J. 

64, 359-363 (2002)
 N. V. Dezhkunov and P. P. Prokhorenko. Action of ultrasound on the rise of a liquid in a capillary 

tube and its dependence on the properties of the liquid. J. Engineering Physics 39, 3, 1014-
1019 (1980)

 Y. P. Rozin, V. S. Tikhonova, and M. N. Kostucheck. About extremely high constant pressures in 
the capillary placed close to ultrasonic emitter. Ukr. J. Phys. 20, 214-220 (1975)

 H. V. Fairbanks and W. I. Chen. Ultrasonic acceleration of liquid flow throw porous media. 
Chem. Eng. Progr. Sympos. Ser. 67, 109, 108-116 (1971)

 E. G. Konovalov and I. K. Germanovich. The ultrasonic capillary effect. Dokl. Akad. Nauk 
Belorus. SSR 6, 8, 492-493 (1962)

 N. V. Dezhkunov, A. Francescutto, P. Ciuti, and P. Ignatenko. Ultrasonic capillary effecr and 
sonoluminescence. Proc. WCU 2003 (Paris, Sept 7-10, 2003), pp. 597-600, 
https://web.archive.org/web/20190712132202/https://www.conforg.fr/wcu2003/procs/cd1/articl
es/000485.pdf



  

Problem No. 17 “Hand helicopter”
A simple hand helicopter can be made by attaching rotor blades to one end of a 
vertical stick. The helicopter moves upwards when the stick is twisted at a high enough 
speed and then let go. Investigate how the relevant parameters affect the lift-off and 
the maximum height.

[Wood By Wright ASMR 2018]



  

Background reading
 How to make Paper cup Helicopter | Rubber band powered flying plane | easy Paper toy 

(youtube, siddharth creations, 02.04.2022), https://youtu.be/68p4YCz7Ga4
 IYPT 2021 №17 Hand Helicopter (tech wonder) (youtube, ЭйНШтейн, 12.04.2021), 

https://youtu.be/PJrM8EkqJQo
 Physics Hand Helicopter (youtube, Frank Feng, 26.03.2021), https://youtu.be/Y94YD4JSnBU
 Making a Hand Powered Helicopter (youtube, Wood By Wright ASMR, 13.12.2018), 

https://youtu.be/-cnycgx0SZg
 How To Make a Helicopter - Hand Helicopter (youtube, Andry Scholar, 08.08.2018), 

https://youtu.be/eaZGsbQZts8
 How To make a mini hand Helicopter (youtube, LUCKY CREATION, 18.12.2017), 

https://youtu.be/A9t0OJSNFk4
 Flying Stick Helicopter (youtube, Spark Something, 05.05.2017), https://youtu.be/8jrTQZBqi8o
 How to make a Mini Hand Helicopter (youtube, Amiganda, 22.12.2016), 

https://youtu.be/33qeEWrjYww
 Wacky Whirler Challenge (youtube, MildredandDildred, 09.10.2010), 

https://youtu.be/oA0XufOwNEU
 Wikipedia: Propeller, https://en.wikipedia.org/wiki/Propeller
 Wikipedia: Propeller theory, https://en.wikipedia.org/wiki/Propeller_theory
 S. Shakerin. Helicopter toy and lift estimation. Phys. Teach. 51, 5, 310 (2013)
 How to Calculate & Measure Propeller Thrust (Lauren Nagel, tytorobotics.com, March 02, 

2023), https://www.tytorobotics.com/blogs/articles/how-to-calculate-propeller-thrust



  

Background reading
 ROTOR MOTOR. In: Aeronautics: An Educator’s Guide EG-2002-06-105-HQ, pp. 69-75 

(nasa.gov), https://www.nasa.gov/pdf/205711main_Rotor_Motor.pdf
 Lift Equation (grc.nasa.gov), https://www1.grc.nasa.gov/beginners-guide-to-aeronautics/lift-

equation/
 C. Rotaru and M. Todorov. Helicopter flight physics. In: Flight Physics - Models, Techniques and 

Technologies (ed. Konstantin Volkov, Intechopen, 2017), 
https://www.intechopen.com/chapters/57483

 10C10.20 - Propeller on a Stick - Hand Helicopter (physics.uiowa.edu), https://instructional-
resources.physics.uiowa.edu/demos/10c1020-propeller-stick-hand-helicopter

 Investigating the lift force of a toy helicopter (sphsdevilphysics.weebly.com), 
http://sphsdevilphysics.weebly.com/uploads/5/0/7/1/5071691/example02_en.pdf

 Propeller Thrust (grc.nasa.gov), https://www1.grc.nasa.gov/beginners-guide-to-
aeronautics/propeller-thrust/



  



  

 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 2021, or plan bringing together the Kit for 
2022, 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 22, 2020…December 26, 2023

* http://kit.ilyam.org

Preparation to 34th IYPT’ 2021:
references, questions and advices

Park Litanija by T. M. used on the 
cover with kind permission

Enhanced edition // December 26, 2023
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