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Problem No. 1 “Invent Yourself:
Paper boomerang”

Make a returning boomerang from a sheet of paper by folding and/or cutting.
Investigate how its motion depends on relevant parameters.



Background reading

=  How To Make Simple Paper Boomerang (youtube, Physics Burns, 24.04.2022),
https://youtu.be/mEsCWKIrswk

= Kak cgenaTb Kpyrnbii 6ymepaHr ns bymarun. Opuramun. How to make a round paper boomerang.
Origami (youtube, Opyr Opuramun, 02.04.2022), https://youtu.be/hSKSLAFVMAU

= Fly back! This is the really fun origami boomerang [ 123 Paper Airplane ] (youtube, 123 paper
airplane, 20.11.2021), https://youtu.be/SGDzDWpvwOY

=  How to Make a Mini Origami Boomerang- Rob's World (youtube, Rob's World, 13.10.2018),
https://youtu.be/Mg3Vo-qW52g

= Easy Origami Boomerang (Paper Toys) (youtube, Red Ted Art, 26.05.2016),
https://youtu.be/p0A_Lwr7a9s

=  How To Make a Paper Boomerang - Origami (youtube, PPO, 15.11.2015), https://youtu.be/OufubGg-FVQ
=  The Physics of a Boomerang (youtube, MIT BLOSSOMS, 04.09.2015), https://youtu.be/b20dUBVFzYA

= One-Piece Origami Super Boomerang (youtube, JeremyShaferOrigami, 11.04.2013),
https://youtu.be/OfDKDBrnglY

=  Boomerang Trick Shots (youtube, Glebster M, 08.11.2011), https://youtu.be/AHZr8YoRFmMU

=  How to Make an Origami Boomerang - Rob's World (youtube, Rob's World, 03.01.2010),
https://youtu.be/ kprLtErg8U

=  Wikipedia: Boomerang, https://en.wikipedia.org/wiki/Boomerang
= Wikipedia: Flight dynamics, https://en.wikipedia.org/wiki/Flight dynamics




Background reading

G. Barceld. Theory of dynamic interactions: The flight of the boomerang. J. Appl. Math. Phys. 2,
7,46812 (2014)

Y. Nishiyama. Why do boomerangs come back? Int. J. Pure Appl. Math. 78, 3, 335-347 (2012)
H. Vos. Straight boomerang of balsa wood and its physics. Am. J. Phys. 53, 6, 524-527 (1985)

P. Gudem, M. Schutz, and K. Holland. Flight dynamics of boomerangs: Impact of reversal of
airflow, reversal of angle-of-attack and asymmetric lift. Proc. AIAA Aviation 2019 Forum (Dallas,
17-21 June 2019)

N. Javergard. Flight dynamics of boomerangs (kau.se, January 29, 2018),
https://jfuchs.hotell.kau.se/kurs/amek/prst/17 _boom.pdf

J. C. Vassberg. Boomerang flight dynamics. Proc. 30th AIAA Applied Aerodynamics Conf. (New
Orleans, 28 June, 2012),
https://data.over-blog-kiwi.com/1/18/83/23/20160309/ob _fb4a2e vassberg-aiaa-2012-2650-
aerodynamicsle.pdf

How to Make a Paper Boomerang (Natalie Kay Smith and Kyle Hall, wikihow.com, 13.03.2024),
https://www.wikihow.com/Make-a-Paper-Boomerang



Problem No. 2 “Air muscle”

Place a balloon inside a cylindrical net (as is sometimes used to wrap garlic) and inflate
it. The net will expand and shorten. Investigate the properties of such a "muscle".




Background reading

NCKYCCTBEHHbBIE MbILLLbI ona POBOTA nnun k3o0ckeneTta? (Kak caenaTtb U Kyga NpUMeHuTb) /
Msarkun CxsaT (youtube, TrashRobotics, 28.03.2024), https://youtu.be/x]9LUFiSsuA

MAKE! arm muscle model (youtube, GAZET SCIENCE LAB, 04.01.2021), https://youtu.be/pBKBAaW3ydE

Artificial Muscles Robotic Arm, Real Copy of Human Arm (youtube, Clone, 06.11.2019),
https://youtu.be/gd9d BAXWvg

Smart Braid Soft Self Sensing Pneumatic Artificial Muscles (youtube, Soft Robotics Toolkit, 12.06.2018),
https://youtu.be/47T91_ wnEE4

Tutorial: Air Muscle Build (youtube, Jamesioso Ho, 09.11.2015), https://youtu.be/eDg9hlroTf4

How to Build a McKibben Air Muscle (youtube, XYZAidan, 21.06.2015), https://youtu.be/sAHN]dxF6Cw
Air Muscle test 1 (youtube, Making to Learn, 01.09.2007), https://youtu.be/pOaFUoSvXRw

Air muscle test 2 (youtube, Making to Learn, 01.09.2007), https://youtu.be/sflyNIVYn1U

Wikipedia: Pneumatic artificial muscles, https://en.wikipedia.org/wiki/Pneumatic_artificial muscles

B. Kalita, A. Leonessa, and S. K. Dwivedy. A review on the development of pneumatic artificial muscle
actuators: Force model and application. Actuators 11, 10, 288 (2022)

|. M. Petre. Studies regarding the use of pneumatic muscles in Precise Positioning Systems. Appl. Sci.
11, 21, 9855 (2021)

B. Kalita and S. K. Dwivedy. Nonlinear dynamic response of pneumatic artificial muscle: A theoretical
and experimental study. Int. J. NonLin. Mech. 125, 103544 (2020)



Background reading

W. S. W. A. Najmuddin and M. T. Mustaffa. A study on contraction of pneumatic artificial muscle (PAM)
for load-lifting. J. Phys.: Conf. Ser. 908, 012036 (2017)

J. Blumenthal, R. Bradvica, and K. Karl. Accurate determination of the volume of an irregular helium
balloon. Phys. Teach. 51, 2, 93-95 (2013)

B. Verrelst, R. Van Ham, B. Vanderborght, D. Lefeber, F. Daerden, and M. Van Damme. Second
generation pleated pneumatic artificial muscle and its robotic applications. Advanced Robotics 20, 7,
783-805 (2006), http://mech.vub.ac.be/multibody/topics/img/robotics_verrelst.pdf

F. Daerden and D. Lefeber. Pneumatic artificial muscles: Actuators for robotics and automation. Eur. J.
Mech. Env. Eng. 47, 1, 11-21 (2002), http://lucy.vub.ac.be/publications/Daerden_Lefeber EJMEE.pdf

l. MUller and H. Struchtrup. Inflating a rubber balloon. Mathematics and Mechanics of Solids 7, 569-577
(2002), https://www.engr.uvic.ca/~struchtr/2002balloons.pdf

J. Stevenson. Mercator Projection Balloon (josmfs.net, 5 March 2017), https://josmfs.net/wordpress/wp-
content/uploads/2018/12/Mercator-Balloon-170306.pdf

Fluidic Muscle: The innovative principle (festo.com),
https://festo.com//net/SupportPortal/Files/340809/Muskel

Pneumatic Artificial Muscles (softroboticstoolkit.com), https://softroboticstoolkit.com/book/pneumatic-
artificial-muscles

How to Make Air Muscles! (Honus, instructables.com), https://www.instructables.com/How-to-make-air-
muscles!/

Making a Simple Air Muscle (William Gurstelle, makezine.com, May 21st, 2015),
https://makezine.com/projects/joseph-mckibben-and-the-air-muscle//




U, ——

Problem No. 3 “Lato Lato”

Attach a ball to each end of a string and connect the center of the string to a pivot.
When the pivot oscillates along the vertical direction, the balls start to collide and

oscillate with increasing amplitude. Investigate the phenomenon.




Background reading

Lato-Lato Problem EXPLAINED by Board Topnotcher D) Molina (youtube, Kippap Education,
06.06.2023), https://youtu.be/la93MRndo08

Paano maglaro ng lato lato. Complete guide for beginner. How to play lato lato complete tutorial.
(youtube, DaddyniEli, 02.06.2023), https://youtu.be/AFuXjZxQRKE

Remember These? Clackers! (youtube, MrjoeGooch, 07.02.2020), https://youtu.be/x jN6JGA4dY
Clackers Original 1970s Ball Toy (youtube, timewarptoys12, 30.07.2009), https://youtu.be/FLHftISLNHE
Wikipedia: Clackers, https://en.wikipedia.org/wiki/Clackers

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

F. Candra Funata and Z. Abidin. Playing lato-lato is difficult and this is why. Eur. J. Phys. 45, 4, 045007
(2024), arXiv:2407.02951v1 [physics.class-ph]

E. Wibowo, N. Ulya, and P. Marwoto. Demonstration of conservation of momentum using Lato Lato 2.0.
Phys. Educ. 59, 2, 025025 (2024)

E. Wibowo, N. Ulya, P. Marwoto, Suwandi, and Suproyogi. The dynamics of Lato Lato ball collisions.
Phys. Educ. 59, 5, 055002 (2024)

R. Cross. Newton's Cradle with two balls. Phys. Teach. 61, 4, 260-262 (2023)

H. Akhsan, G. Sukarno Putra, and M. Ariska. Newtonian Yoyo (Lato-Lato) Phenomenon in Indonesia: An
Innovative Resource for IGCSE Physics Teaching and Learning? JPPPF (Jurnal Penelitian
danPengembangan Pendidikan Fisika) 9, 1, 119-125 (2023),
https://journal.unj.ac.id/unj/index.php/jpppf/article/view/32926/14981



Background reading

E. Wibowo. Determine g using Lato Lato. Phys. Educ. 58, 4, 045009 (2023)

A. M. Fitrianingrum and K. Kamaruddin. Analisis Konsep Momentum dan Tumbukan pada
Permainan Lato-Lato. FISTA 4, 1 (2023),
https://eurekaunima.com/index.php/fista/article/view/235/159

P. Glendinning. Two-ball Newton's cradle. Phys. Rev. E 84, 6, 067201 (2011)

R. Hessel, A. C. Perinotto, R. A. M. Alfaro, and A. A. Freschi. Force-versus-time curves during
collisions between two identical steel balls. Am. J. Phys. 74, 3, 176-179 (2000)

1N30.10 - Newton Spheres, Clackers (physics.uiowa.edu), https://instructional-
resources.physics.uiowa.edu/demos/1n3010-newton-spheres-clackers

1N30.05 - Ball Clackers (umich.edu),
https://sharepoint.umich.edu/Isa/physics/demolab/SitePages/1N30.05%20-%20Ball
%20Clackers.aspx




Problem No. 4 “Climbing magnets”

Attach a rod assembled from cylindrical neodymium magnets horizontally to a vertical
ferromagnetic rod. Limit the motion of the magnets to the vertical direction. When the
ferromagnetic rod is spun around its axis of symmetry, the magnetic rod begins to
climb up. Explain this phenomenon and investigate how the rate of climbing depends

on relevant parameters.




Background reading

How Do Magnets Climb This Screwdriver?! (youtube, Steve Mould, 15.03.2024),
https://youtu.be/96aQk-iziQg

HoBble onbITbl C MarHUTHLIM WapnkoM (youtube, GetAClass - Physics in experiments, 14.02.2023),
https://youtu.be/70u4a7dl16s

MarHUTHbIV WApUK 1 ero HeobbiyHoe ABmxeHne (youtube, GetAClass - Physics in experiments,
11.02.2023), https://youtu.be/KTSpaCdK14U

@ Ousnka HeBepoATHbLIN IKCMNEPUMEHT C MarHUTOM MIHTepecHbIn adhdekT #Shorts iropb beneuknia
(youtube, Uropb beneukunin, 01.02.2023), https://www.youtube.com/shorts/GQ5Jey79PEw

The Climbing Magnets Mystery (ft. Steve Mould) (youtube, 2veritasium, 06.04.2018),
https://youtu.be/kOoNkO2YI-w

Wikipedia: Stick-slip phenomenon, https://en.wikipedia.org/wiki/Stick%E2%80%93slip_phenomenon
Wikipedia: Neodymium magnet, https://en.wikipedia.org/wiki/Neodymium_magnet

B. Reeny, A. Guran., N. Hinrich, and K. Popp. A historical review on dry friction and stick-slip
phenomena. Appl. Mech. Rev 51, 5, 321-341 (1998)

R. A. Ibrahim. Friction-induced vibration, chatter, squeal, and chaos—Part I: Mechanics of contact and
friction. Appl. Mech. Rev. 47, 7, 209-226 (1994)

R. A. Ibrahim. Friction-induced vibration, chatter, squeal, and chaos—Part Il: Dynamics and modeling.
Appl. Mech. Rev. 47, 7, 227-253 (1994)



Problem No. 5 “Dancing slinky”

Twist a slinky several times and keep its bottom fixed. After releasing the top, the
slinky starts to "dance" — wave-like phenomenon can be observed from the side-view.
Explain the phenomenon and investigate the parameters affecting the slinky's motion.




Background reading

=  Wikipedia: Torsion spring, https://en.wikipedia.org/wiki/Torsion_spring

= Wikipedia: Torsion, https://en.wikipedia.org/wiki/Torsion_(mechanics)

=  Wikipedia: Slinky, http://en.wikipedia.org/wiki/Slinky

= 3akpyTua CanHKK n3 metanna (dzen.ru),
https://dzen.ru/video/watch/5bfe84dfcc24c7a83e69561d

= P.S. Cumber. The kinematics and static equilibria of a Slinky. Int. J. Math. Educ. Sci. Technol.
55, 4, 1065-1083 (2024),
https://researchportal.hw.ac.uk/files/62095721/The_kinematics_and_static_equilibria_of a_Slink
y.pdf

= P.S. Cumber. Lagrange's method applied to a Slinky. SAGE Int. J. Mech. Eng. Educ. (2023),
https://journals.sagepub.com/doi/full/10.1177/03064190231191251

= |, Pretz. Oscillations of a suspended slinky. Eur. J. Phys. 42, 4, 045008 (2021)

=  P. Mohazzabi and B.M. Shefchik. A universal relationship between spring constant and torsion
constant. J. Phys. Chem. Solids 62, 4, 677-681 (2001)

= W.J. Cunningham. The physics of the tumbling spring. Am. J. Phys. 15, 4, 348-352 (1947)




Problem No. 6 “Dripping faucet”

A leaky faucet develops interesting dripping patterns, where the time between drops
depends on the water flowrate. Investigate this phenomenon and study how it depends

on relevant parameters.




Background reading

This equation will change how you see the world (the logistic map) (youtube, Veritasium, 29.01.2020),
https://youtu.be/ov)csL7vyrk

19.4 Dripping Faucet 8 14 2019 (youtube, UCLA modeling class, 17.08.2019), https://youtu.be/m Z-
SIxqYcl

Physics Demonstrations by Sprott, Chapter 2, Heat, Demo 2.26 Dripping Faucet (youtube, University of
Wisconsin Press, 07.11.2014), https://youtu.be/hToQsiHAR3Y

Wikipedia: Chaos theory, https://en.wikipedia.org/wiki/Chaos_theory

P. Coullet, L. Mahadevan, and C. S. Riera. Hydrodynamical models for the chaotic dripping faucet. J.
Fluid Mech. 526, 1-17 (2005)

A. D'Innocenzo, F. Paladini, and L. Renna. Asymmetrical dripping. Phys. Rev. E 69, 4, 046204 (2004)

P. Coullet, L. Mahadevan, and C. Riera. Return map for the chaotic dripping faucet. Progress of
Theoretical Physics Supplement 139, 507-516 (2000)

N. Fuchikami, S. Ishioka, and K. Kiyono. Simulation of a dripping faucet. J. Phys. Soc. Jpn. 68, 1185-
1196 (1999)

A. D’'Innocenzo and L. Renna. Dripping faucet. Int. J. Theor. Phys. 35, 5, 941-973 (1996),
https://phas.ubc.ca/~halpern/352/chaos.pdf

R. F. Cahalan, H. Leidecker, and G. D. Cahalan. Chaotic Rhythms of a Dripping Faucet: A simple drop
detector transforms the computer into a temporal microscope, revealing a variety of rhythms in the
common leaky tap. Comput. Phys. 4, 4, 368-382 (1990), https://phas.ubc.ca/~halpern/352/chaos.pdf



Background reading

= X.Wuand Z. A. Schelly. The effects of surface tension and temperature on the nonlinear
dynamics of the dripping faucet. Physica D: Nonlinear Phenomena 40, 3, 433-443 (1989)

= R. M. May. Simple mathematical models with very complicated dynamics. Nature 261, 459-467
(1976)

= R. Shaw. Dripping Faucet As A Model Chaotic System (Aerial Press, 1984),
https://archive.org/details/ShawRobertDrippingFaucetAsAModelChaoticSystem1984 201811/




Problem No. 7 “Ruler cannon”

Two rulers are tightly held against each other. A round projectile (e.g. a plastic bottle
cap or a ball) is inserted between them close to one of their ends. When extra force is
exerted on the surface of the rulers, the projectile is ejected at a high speed.
Investigate this effect and the parameters that affect ejection speed.




Background reading

=  Ruler Cannon 1 (youtube, Hukuta YepHukos, 23.07.2024), https://youtu.be/ArXxTvDPPnM

=  Ruler Cannon 2 (youtube, Hukuta YepHukos, 23.07.2024), https://youtu.be/6AVvGrh7fb4

= Ruler Cannon 3 (youtube, HnknTa YepHukos, 23.07.2024), https://youtu.be/6CQlzw)aaxw

= Ruler Cannon 4 (youtube, Hukuta YepHukos, 23.07.2024), https://youtu.be/GdM-nUX6QDQ

=  Friction gun (youtube, Hnkuta YepHukos, 16.11.2022), https://youtu.be/vggznP9ifow

=  Wikipedia: Compression (physics), https://en.wikipedia.org/wiki/Compression_(physics)

= Wikipedia: Stress (mechanics), https://en.wikipedia.org/wiki/Stress (mechanics)

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

= |. C. Ugwuoke. A simplified dynamic model for constant-force compression spring. Leonardo J.
Sci. 13, 30-43 (2008), http://ljs.academicdirect.org/A13/030 043.pdf

= W. B. Holzapfel. Physics of solids under strong compression. Rep. Prog. Phys. 59, 1, 29-90
(1990)

= Mechanical Properties (staff.emu.edu.tr),
https://staff.emu.edu.tr/emirtascioglu/Documents/courses/ieng263/lecture-notes/fall_2019-
2020/L4-Mechanical-Properties.pdf

=  Mechanical behavior phenomena (gcekbpatna.ac.in),
https://gcekbpatna.ac.in/assets/documents/lecturenotes/ipm_notes-2.pdf

=  Forces acting when we squeeze a ball? (physicsforums.com, Mohanlalfan, May 4, 2015),
https://www.physicsforums.com/threads/forces-acting-when-we-squeeze-a-ball.812030/




Problem No. 8 “Levitating fluid”

When a container partially filled with liquid is oscillated vertically and air is injected at
the bottom of the container, the fluid can "levitate". Investigate the phenomenon.




Background reading

=  The Levitating Liquid Pendulum (youtube, Steve Mould, 08.10.2020),
https://youtu.be/gMAKamGliMc

=  Creation of a levitating liquid layers (youtube, Emmanuel Fort, 22.10.2020),
https://youtube.com/shorts/3eGt3fCIJAM

=  The weird physics of upside down buoyancy (youtube, nature video, 02.09.2020),
https://youtu.be/bodsuTucSxQ

=  Floating under a levitating liquid (youtube, ESPCI Paris - PSL, 02.09.2020),
https://youtu.be/3HNy25PIP_8

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

=  B. Apffel, F. Novkoski, A. Eddi, and E. Fort. Floating under a levitating liquid. Nature 585, 48-52
(2020), arXiv:2003.04777v1 [physics.flu-dyn]

= S. Douady. Experimental study of the Faraday instability. J. Fluid Mech. 221, 383-409 (1990),
https://www.physics.utoronto.ca/~phy326/far/Douady.pdf




Problem No. 9 “Magnetic assist”

Attach one or two magnets to a non-magnetic and non-conductive base such that they
attract a magnet suspended from a string. Investigate how the motion of the moving
magnet depends on relevant parameters.




Background reading

Chaotic magnet pendulum...entertaining and easy to build (youtube, Homemade Science with
Bruce Yeany, 23.03.2024), https://youtu.be/axiL50LAFg0

Chaotic Dynamics of a Magnetic Pendulum (youtube, Richters Finger, 18.12.2022),
https://youtu.be/WPgxmEajCO0

Chaos in the Pendulum (youtube, Zenzicubic, 19.11.2022), https://youtu.be/oVNrSwPHuUTs

4 Rad MAGNETIC Chaotic Pendulums “zadgetify (youtube, Gadgetify, 09.07.2022),
https://youtu.be/SO_8Ng-NQbO

Chaotic Magnetic Pendulum (ROMP) = Gadgetify (youtube, Gadgetify, 25.03.2020),
https://youtu.be/aSS-zySNsTI

The Chaotic Pendulum (youtube, The Cardboard Channel, 05.02.2020),
https://youtu.be/yQeQwwXXa7A

Demonstration: Chaotic pendulum (youtube, Dmitri Kartofelev, 29.06.2018),
https://youtu.be/TYXVgjdcX_Q

magnetic decision maker (youtube, funlearners, 12.11.2016), https://youtu.be/55J-Z|TTIBc

Magnetic Pendulum: An example of a chaotic system (youtube, Lutfi Al-Sharif, 25.11.2012),
https://youtu.be/vFdZ9t4Y5hQ

Magnetic Pendulum Simulation (youtube, Softology, 11.04.2012), https://youtu.be/plqgBkfDhM00
Wikipedia: Force between magnets, https://en.wikipedia.org/wiki/Force_between magnets
Wikipedia: Neodymium magnet, https://en.wikipedia.org/wiki/Neodymium_magnet



Background reading

J. M. Christian and H. A. J. Middleton-Spencer. Chaos in the magnetic pendulum. Mathematics
Today 70-73 (April 2020), https://cdn.ima.org.uk/wp/wp-content/uploads/2020/03/Chaos-in-the-
Magnetic-Pendulum-from-MT-April-2020.pdf, https://ima.org.uk/13908/chaos-in-the-magnetic-
pendulum/

J. Christian and H. Middleton-Spencer. The magnetic pendulum: A tabletop demonstration of
chaos. Chalkdust (Online), 8, 9-14 (2018), https://chalkdustmagazine.com/features/the-
magnetic-pendulum/

K. W. Yung, P. B. Landecker, and D. D. Villani. An analytical solution for the force between two
magnetic dipoles. Mag. Elec. Sep. 9, 39-52 (1998)

Force between two magnets (physics.stackexchange.com, May 8, 2019),
https://physics.stackexchange.com/questions/478810/force-between-two-magnets

Chaotic Oscillating Magnetic Pendulum Simulation (softologyblog, April 11, 2012),

https://softologyblog.wordpress.com/2012/04/11/chaotic-oscillating-magnetic-pendulum-
simulation/




Prob. No. 10 “Rayleigh-Bénard convection”

Uniformly and gently heat the bottom of a container containing a suspension of powder
in oil (e.g. mica powder in silicon oil), cell-like structures may form. Explain and
investigate this phenomenon.,




Background reading

Rayleigh-Bénard Convection in Silicone Oil + Mica Powder, Ra = 9894, Pr = 10023, Aspect Ratio 8:8:1
(youtube, Martin Petry, 29.04.2024), https://youtu.be/Rna6QR7pNwg

Experiments on Rayleigh-Bénard Convection in Silicone Qil (youtube, Martin Petry, 18.08.2023),
https://youtu.be/mvi3P4Vh9as

Rayleigh-Benard convection at Ra=10"11 (youtube, Alessandro De Rosis, 25.05.2023),
https://youtu.be/V-mp8jcMJaE

Avyenkn beHapa @ 3 (youtube, GetAClass - Physics in experiments, 25.04.2020),
https://youtu.be/yXLGYaXgQ2g

Avyenkn beHapa @ 2 (youtube, GetAClass - Physics in experiments, 24.04.2020),
https://youtu.be/PqgzWGX_ wa8

A4venkn beHapa @ 1 (youtube, GetAClass - Physics in experiments, 23.04.2020),
https://youtu.be/EnNe8LJJEVQ

Benard-Marangoni instability (youtube, Fluid Dynamics, 11.12.2016), https://youtu.be/v2vMXmuC818
Rayleigh-Bénard convection cells (youtube, Nick Moore, 03.08.2016), https://youtu.be/gSTNxS96fRg

Rayleigh Benard Thermal Convection 3D Simulation with LBM -- Simulations in Process Engineering
(youtube, openlb, 17.09.2015), https://youtu.be/buskgZIPdvl

Rayleigh-Bénard Convection (youtube, Jens Niemeyer, 25.04.2015), https://youtu.be/eX9NpXH7UrM



Background reading

=  Rayleigh-Benard Convection (two-dimensional and very turbulent) (youtube, turbulenceteam,
18.06.2014), https://youtu.be/OMOI2YPVMT8

=  Wikipedia: Rayleigh-Bénard convection, https://en.wikipedia.org/wiki/Rayleigh%E2%80%93B
%C3%A9nard_convection

= Wikipedia: Heat transfer, https://en.wikipedia.org/wiki/Heat_transfer

= K. Eckert, M. Bestehorn, and A. Thess. Square cells in surface-tension-driven Bénard
convection: experiment and theory. J. Fluid Mech. 356, 155-197 (1998)

= M. ]. Block. Surface tension as the cause of Bénard cells and surface deformation in a liquid
film. Nature 178, 650-651 (1956)

= Rayleigh-Benard Convection (UC San Diego, 2009),
https://web.archive.org/web/20090222182327/http://physics.ucsd.edu/was-daedalus/
convection/rb.html

= E. L. Koschmieder. Bénard Cells and Taylor Vortices (Cambridge University Press, 1993),
https://books.google.com/books?id=arpUkoBD8uYC

= L. Steinbarth. Showcasing the Rayleigh-Bénard Convection (flowvis.org, 11/10/23),
https://www.flowvis.org/wp-content/uploads/2023/11/Team-Second-Report-Leo-Steinbarth.pdf




Problem No. 11 “Spring hysteresis”

Connect two identical linear springs symmetrically to a mass in a "V" shape, and apply
an adjustable force to the mass. When this force is varied, the resulting motion of the

mass depends on the history of changes in the applied force under certain conditions.

Investigate this phenomenon.




Background reading

J. J. Bissell and A. M. Nagaitis. Perfect and imperfect pitchfork bifurcations in a V-shaped spring-
mass system: Comment on “Hysteresis in a simple V-shaped spring-mass system” [Am. . Phys.
89, 663-665 (2021)]. Am. J. Phys. 91, 8, 659-660 (2023)

J. J. Bissell. Bifurcation, stability, and critical slowing down in a simple mass-spring system.
Mech. Res. Commun. 125, 103967 (2022)

C. Ong. Hysteresis in a simple V-shaped spring-mass system. Am. J. Phys. 89, 7, 663-665 (2021)



Problem No. 12 “Sound versus fire”

A small flame can be put out by sound. Investigate the parameters of the flame and
characteristics of the sound that determine whether the flame will be extinguished.,




Background reading

Mbl MOrACUIN OrOHb 3BYKOM ! (youtube, GoldenBurst, 29.05.2024),
https://youtu.be/OtMB6_KngYY

MO>XHO I MOTYLWNTb CBEYY C NOMOLLbIO 3BYKa? #shorts #pa3pywuntenummndgos (youtube,
Mudbl n ®akTbl, 13.10.2023), https://youtube.com/shorts/7fgPbHs16P8

Sound To Blow Out Candle (youtube, n Beats, 29.03.2023), https://youtu.be/Yod4KswfwYzo

How Does This App Blow Out Candles? (youtube, The Action Lab, 13.12.2021),
https://youtu.be/tX6XSs2T5Go

How to see sound blowing out candles (youtube, Homeschool Fridays, 04.02.2019),
https://youtube.com/shorts/PhDI_gXagwQ

[annneo. IKCNepuMeHT. 3agyBaHune ceevyen 3BykoM (youtube, GalileoRU, 19.08.2015),
https://youtu.be/BhzzK]k3H4w

IMAX Subwoofer Blows Out Candles Using Interstellar Soundtrack (youtube, Timothy J. Alguire,
27.04.2015), https://youtu.be/sPWPvT9au7U

Pump Up the Bass to Douse a Blaze: Mason Students' Invention Fights Fires (youtube, George
Mason University, 05.02.2015), https://youtu.be/uPVQMZ4ikvM

C. Xiong, Z. Wang, and X. Huang. Acoustic flame extinction by the sound wave or speaker-
induced wind? Fire Saf. J. 126, 103479 (2021)

C. Xiong, Y. Liu, C. Xu, and X. Huang. Extinguishing the dripping flame by acoustic wave. Fire
Saf. J. 120, 103109 (2021)



Background reading

P. Niegodajew, K. tukasiak, H. Radomiak, D. Musiat, M. Zajemska, A. Poskart, and K. Gruszka.
Application of acoustic oscillations in quenching of gas burner flame. Combust. Flame 194, 245-
249 (2018)

A. N. Friedman and S. |. Stoliarov. Acoustic extinction of laminar line-flames. Fire Saf. J. 93, 102-
113 (2017)

A. A. Alexander. Study of sound wave as a flame extinguisher (PhD thesis, Universiti Teknologi
PETRONAS, 2015), https://utpedia.utp.edu.my/id/eprint/15706/1/Dissertation%20-%20Alan
%20A.%20A.%20-%2016036.pdf

How Does a Candle Flame Respond to a Sound Wave? - Question of the Week 2014 Summer
Girls Special Part 1 (physics.umd.edu, 2014), https://lecdem.physics.umd.edu/question-of-the-
week-archive/154-qotw-020-with-answer.html

Dousing flames with low-frequency sound waves (physicsworld.com, 02 Apr 2015),
https://physicsworld.com/a/dousing-flames-with-low-frequency-sound-waves/

Charlie K. Thrift. Using Sound Waves to Extinguish Flames (CALIFORNIA STATE SCIENCE FAIR,
2016), https://csef.usc.edu/History/2016/Projects/)1724.pdf




Problem No. 13 “Spaghetti accelerator”

When a piece of spaghetti is pushed into a bent tube, small debris of spaghetti may be
ejected from the other end of the tube at a surprisingly high speed. Investigate this

phenomenon.




Background reading

The Secrets of Breaking Spaghetti (youtube, The Action Lab, 04.11.2023),
https://youtu.be/RwtXVWOIWEK

spaghetti snapped at 420 fps with Casio EX-FH20 High Speed Camera (youtube, lainpl1211,
02.01.2009), https://youtu.be/kuofWIxfUSE

Brainiac Science Abuse - Spaghetti Breaking In Slow Motion (youtube, brainiacstore, 21.09.2008),
https://youtu.be/Ezm6blijgPc

Y. Zhang, X. Li, Y. Dai, and B. Sun. Spaghetti breaking dynamics. Preprints 2021030311 (2021)

B. Audoly and S. Neukirch. Fragmentation of rods by cascading cracks: Why spaghetti does not break
in half. Phys. Rev. Lett. 95, 9, 095505 (2005),
http://www.Imm.jussieu.fr/~neukirch/articles/audoly neukirch_fragmentation rods cascading cracks P
hysRevLett 2005.pdf

J. R. Gladden, N. Z. Handzy, A. Belmonte, and E. Villermaux. Dynamic buckling and fragmentation in
brittle rods. Phys. Rev. Lett. 94, 3, 035503 (2005),
https://www.phy.olemiss.edu/~jgladden/cv/buckling_prl.pdf

P. Weiss. That's the way the spaghetti crumbles. Science News 168, 20, 315-316 (2005),
https://www.sciencenews.org/article/thats-way-spaghetti-crumbles

G. V. Guinea, F. J. Rojo, and M. Elices. Brittle failure of dry spaghetti. Eng. Failure Analysis 11, 5, 705-
714 (2004)

0. J. Nickalls and R. W. D. Nickalls. Pasta puzzle: Why does spaghetti break into three pieces? The Last
Word. In: New Scientist 160, p. 101 (1998),
https://www.nickalls.org/dick/papers/spaghetti/spaghetti NS 1998.pdf



Background reading

= 0.]. Nickalls and R. W. D. Nickalls. Linear spaghetti. New Scientist 145, p. 52 (1995),
https://www.nickalls.org/dick/papers/spaghetti/spaghetti NS 1995.pdf

= C. Sykes (ed.) No ordinary genius: the illustrated Richard Feynman (WW Norton & Co., New
York, 1996), pp. 180-181

= R.W. D. Nickalls. The dynamics of linear spaghetti structures — how one thing just leads to
another :-) (nickalls.org, June 14, 2006),
http://www.nickalls.org/dick/papers/spaghetti/spaghetti.pdf

= D. Wright. Introduction to buckling (University of Western Australia, 2005),

https://web.archive.org/web/20091008165115/https://school.mech.uwa.edu.au/~dwright/
DANotes/buckling/home.html




Problem No. 14 “Water bottle rocket”

Pump air into a plastic water bottle partially filled with water. Under certain conditions,
the bottle is launched and flies into the air. Investigate how the acceleration during lift-

off depends on relevant parameters.




Background reading

Physics of Water Bottle Rockets! (youtube, Jacques Academy, 12.06.2021),
https://youtu.be/cSnmMsqrTp4

[annneo. dkcrnepumeHT. BoasiHasa pakeTa (youtube, GalileoRU, 24.02.2014), https://youtu.be/Y-hvDuw-
5wQ

The Sci Guys: Science at Home - SE1 - EP18: Water Bottle Rockets (youtube, The Sci Guys,
17.10.2013), https://youtu.be/ii6D1R6IXVA

Loy npogeccopa Hukonsd. PakeTa mn3 byTeinkn (youtube, Hay4Hoe woy npodgeccopa Hukons,
14.02.2013), https://youtu.be/q3BikFvYIIA

Y. Yang, L. Liu, and M. Chen. Study on thrust performance of small water rocket launch. J. Phys.: Conf.
Ser. 2313, 012021 (2022)

L. Fischer, T. Gunther, L. Herzig, T. Jarzina, F. Klinker, S. Knipper, F. G. Schiarmann, and M. Wollek.
Approximation of D.L.Y. water rocket dynamics including air drag. Int. J. Sci. Res. Math. Stat. Sci. 6, 6, 1-
13 (2019), arXiv:2001.08828v2 [physics.pop-ph]

S. Apte and A. Apte. The influence of different factors on the maximum height reached of a water
powered rocket. J. High School Sci. 1, 3 (2017), https://jhss.scholasticahg.com/api/v1/articles/2101-the-
influence-of-different-factors-on-the-maximum-height-reached-of-a-water-powered-rocket.pdf

A. Romanelli, I. Bove, and F. Gonzalez Madina. Air expansion in the water rocket. Am. J. Phys. 81, 10,
762-766 (2013), arXiv:1211.1923v1 [physics.flu-dyn]

R. Barrio-Perotti, E. Blanco-Marigorta, ). Fernandez-Francos, and M. Galdo-Vega. Theoretical and
experimental analysis of the physics of water rockets. Eur. J. Phys. 31, 5, 1131-1147 (2010)



Background reading

C. ). Gommes. A more thorough analysis of water rockets: Moist adiabats, transient flows, and
inertial forces in a soda bottle. Am. J. Phys. 78, 3, 236-243 (2010)

R. Barrio-Perotti, E. Blanco-Marigorta, K. Arguelles-Diaz, and J. Fernandez-Oro. Experimental
evaluation of the drag coefficient of water rockets by a simple free-fall test. Eur. J. Phys. 30, 5,
1039-1048 (2009)

T. Takemae. Water rocket seen from educational point of view. Trans. Jp. Soc. Aeronautical and
Space Sci., Space Techn. Jp. 7, 26, 51-55 (2009)

G. A. Finney. Analysis of a water-propelled rocket: A problem in honours physics. Am. J. Phys
68, 3, 223-227 (2000)

J. M. Prusa. Hydrodynamics of a water rocket. SIAM Review 42, 4, 719-726 (2000)

D. Kagan, L. Buchholtz, and L. Klein. Soda-bottle water rockets. Phys. Teach. 33, 3, 150-157
(1995), https://cjh.polyplex.org/rockets/physics _teacher/Soda-Bottle%20Water%20Rockets%20-
%20Kagan,%20Buchholtz,%20Klein.pdf

M. Mulsow. Modelling and optimisation of multi-stage water rockets (B.Sc. thesis, Universitat
Greifswald, 2011), https://www.uni-greifswald.de/storages/uni-greifswald/fakultaet/mnf/physik/
ag_schneider/Arbeiten/matthiasBA.pdf

Water rockets: How high can a model water rocket fly (2018),
https://www.eef.edu.gr/media/5622/water rocket final en.pdf

The Water Rocket Achievement World Record Association (2021), http://www.wra2.org/



Background reading

= Leo C. Singleton IV. Bottle Rocket Handbook (2001),
https://web.archive.org/web/20160222064705/http://rocket-fun.com/PDF%20Files/
BottleRocketHandbook.pdf

=  ALL ABOUT WATER ROCKETS (nasa.gov, 2015),
https://web.archive.org/web/20160924192918/https://spaceflightsystems.grc.nasa.gov/
education/rocket/BottleRocket/about.htm

= C. Holland. Analysis of a water-propelled rocket (University of Leeds, 14 February 2005),
http://waterocket.explorer.free.fr/pdf/holland2005LU3.PDF




Problem No. 15 “Wailing bowl!”

When you strike the side of a metal bowl containing some water, you can hear a
characteristic sound. The sound changes when the water in the bowl is moving. Explain

and investigate the phenomenon.




Background reading

I[YPT 2025 - nycTtaa mucka (youtube, Hnknta YepHukos, 31.07.2024), https://youtu.be/def1MOypBpU
IYPT 2025 - mucka c sogou (youtube, Hukuta YepHukos, 31.07.2024), https://youtu.be/f-kjTzymD88
IYPT 2025 - mucka c noasmxHoun sogon (youtube, Hukuta YepHukos, 31.07.2024),
https://youtu.be/Z4iMfXT-QY8

Weird noise made using a metal bowl filled with water (youtube, Wynolan, 15.11.2023),
https://youtu.be/N255WPwvT7M

D. Terwagne and J. W. M. Bush. Tibetan singing bowls. Nonlinearity 24, R51-R66 (2011),
arXiv:1106.6348v1 [physics.flu-dyn]

G. Jundt, A. Radu, E. Fort, J. Duda, and H. Vacha. Vibrational modes of partly filled wine glasses. |J.

Acoust. Soc. Am. 119, 6, 3793-3798 (2006),
https://newt.phys.unsw.edu.au/music/people/publications/Jundtetal2006.pdf

0. Indcio, L. L.Henrique, and J. Antunes. The dynamics of Tibetan singing bowls. Acta Acust. United
Acust. 92, 4, 637-653 (2006), http://projects.itn.pt/Vibrolmpacts/Ref A.pdf

Y. Chen. Why does water change the pitch of a singing wineglass the way it does? Am. J. Phys. 73, 11,
1045-1049 (2005)

J. F. M. Scott and J. Woodhouse. Vibration of an elastic strip with varying curvature. Phil. Trans. R. Soc.
A 339, 587-625 (1992)

R. D. Cook. Vibration of a segment of a non-circular cylindrical shell: The “musical saw” problem. J.
Sound Vib. 146, 2, 339-341 (1991)



Background reading

T. D. Rossing. Wine glasses, bell modes, and Lord Rayleigh. Phys. Teach. 28, 9, 582-585 (1990)
A. D. Pierce. Wave equation for sound in fluids with unsteady inhomogeneous flow. J. Acoust.
Soc. Am. 87, 6, 2292-2299 (1990)

A. P. French. In Vino Veritas: A study of wineglass acoustics. Am. J. Phys. 51, 8, 688-694 (1983)
C. R. Fuller and F. J. Fahy. Characteristics of wave propagation and energy distribution in
cylindrical elastic shells filled with fluid. J. Sound Vib. 81, 4, 501-508 (1982)

P. G. Bentley. Acoustically excited vibrations in a liquid-filled cylindrical tank. J. Sound Vib. 19,
2, 179-191 (1971)

How does the sound changes when we strike a empty bowl and a water filled bowl (byjus.com),
https://byjus.com/question-answer/how-does-the-sound-changes-when-we-strike-a-empty-bowl-
and-a-water-filled/

J. Coffey. Physics of Sound Wave Radiation from Vibrating Surfaces (2015),
https://www.mathstudio.co.uk/JMC-Radiation%20acoustics-Je.pdf

N. H. Fletcher and T. D. Rossing. The physics of musical instruments (New York, SpringerVerlag,
1991)

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

1945), http://books.google.com/books?id=v4NSAlIsTwnQC, http://books.google.com/books?
id=FrvgulwSFfU



Problem No. 16 “Wirtz pump”

A Wirtz Pump is a hollow spiral, mounted vertically. It is arranged such that one end
dips below water once per revolution, while the other end (at the center of the spiral) is
connected to a vertical tube. When rotated, it can be used to pump water to a great
height. Explain this phenomenon and investigate how relevant parameters affect the

pumping height.




Background reading

Wirtz pumps are really clever (youtube, Steve Mould, 10.10.2023),
https://youtu.be/wCxRHueX6jQ

Water wheel pump (youtube, Milan Vitéz, 20.03.2011), https://youtu.be/mNIILNHGOYI

R. Matz, R. Btazejewski, T. Nawrot, and M. Pawlak. Hydraulic capacity and efficiency of a low-
speed nonpressurized coil pump. Water 11, 8, 1659 (2019)

J. H. B. Deane and J. J. Bevan. A hydrostatic model of the Wirtz pump. Proc. R. Soc. A 474, 2211,
20170533 (2018)

S. I. Yannopoulos, G. Lyberatos, N. Theodossiou, W. Li, M. Valipour, A. Tamburrino, and A. N.
Angelakis. Evolution of water lifting devices (pumps) over the centuries worldwide. Water 7,
5031-5060 (2015)

G. Mueller and J. Senior. Simplified theory of Archimedean screws. ). Hydraul. Res. 47, 666-669
(2009)

G. H. Mortimer and R. Annable. The coil pump—theory and practice. ). Hydraul. Res. 22, 9-22
(1984)

G. H. Mortimer. The coil pumps (PhD thesis, University of Loughborough, 1988),
https://repository.lboro.ac.uk/articles/thesis/The_coil pumps/9454172

P. Tailer. The Spiral Pump: A High Lift, Slow Turning Pump (lurkertech.com, 2005),
https://web.archive.org/web/20080220082724/http://lurkertech.com/water/pump/tailer/



Problem No. 17 "Quantum fingerprint”

Shine laser light onto an organic polymer (e.g. styrofoam). The scattered light may
have a higher or lower wavelength than the incident light. Explain the phenomenon
and determine what can be concluded about the molecular structure of the material

from the wavelength shift.



Background reading

= Homemade Raman Spectroscopy (youtube, Chemistry 4all, 16.08.2017), https://youtu.be/Rjk55FZBPKk

= Intro to DIY Raman Spectroscopy (youtube, Applied Science, 27.05.2013),
https://youtu.be/tRrOdKW06sk

= Wikipedia: Raman spectroscopy, https://en.wikipedia.org/wiki/Raman_spectroscopy

= N. Emmanuel, R. B. Nair, B. Abraham, and K. Yoosaf. Fabricating a low-cost Raman spectrometer to
introduce students to spectroscopy basics and applied instrument design. J. Chem. Educ. 98, 6, 2109-
2116 (2021)

= 0. Aydogan and E. Tasal. Designing and building a 3D printed low cost modular Raman spectrometer.
CERN lIdeaSquare J. Exp. Innov. 2, 2, 3-12 (2018),
https://e-publishing.cern.ch/index.php/Cl)/article/view/799/577

= E. H. Montoya R., A. Arbildo L., and O. R. Baltuano E. A homemade cost effective Raman spectrometer
with high performance. J. Lab. Chem. Educ. 3, 4, 67-75 (2015),
http://article.sapub.org/10.5923.j.jlce.20150304.02.html

= Understanding Raman Spectroscopy: Principles and Theory (T. Adamo, utsc.utoronto.ca, 2021),
https://www.utsc.utoronto.ca/~traceslab/PDFs/raman_understanding.pdf

= What Raman spectroscopy can tell you (renishaw.com), https://www.renishaw.com/en/what-raman-
spectroscopy-can-tell-you--25800

= DIY Raman Spectroscopy (thepulsar.be, 2019-02-15), https://www.thepulsar.be/article/diy-raman-
spectroscopy/




The ultimate response to all "What for?"-questions:

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

Albert Einstein




Important information

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

0 regard their work critically,

Q0 |ook deeper,

Q0 have a better background knowledge,

0 be skeptical in embedding their projects into the standards of professional research,
Q0 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



Habits and customs

=  Originality and independence of your work is always considered as of a first priority
= Thereis 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?

= [sIYPT 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?

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

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

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



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 2025, or plan bringing together the Kit for
2026, good editions may be completed earlier

It would be of benefit for everybody,

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

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

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

a0 the IYPT, as a community and a center of competence, that may generate original, state-
of-the-art research problems, widely used in other activities and at other events

2 and also the authors of the Kit, who could rapidly acquire a competence for the future
activities and have a great learning experience



In search for missing results

Have you attended an IYPT marked in and preserved
Physics Fight results, e.g. by keeping printed rankings?

, o - Qlypt =«
Have you attended an IYPT marked in orange or red, and [ SSEE I
recorded grades from a Fight, e.g. by writing them down? . v

Orange: all Sums of Points (SP) are known, but some Juror’s grades are not . .

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

2020 2021 2022 2023 2024 .
Thank you for helping us locate

the missing results of past IYPTs
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