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Problem No. 1 “Invent yourself”

Design an instrument for measuring current using its heating effect. What are the
accuracy, precision and limits of the method?



Background reading

Hot wire Ammeter (youtube, EImoasser Books, 08.10.2018), https://youtu.be/pVnAkZnsjlg
Wikipedia: Joule heating, https://en.wikipedia.org/wiki/Joule_heating

V. Balakrishnan, T. Dinh, H.-P. Phan, D. V. Dao, and N.-T. Nguyen. A generalized analytical
model for Joule heating of segmented wires. ). Heat Transfer 140, 7, 072001 (2018)

S. K. Thangaraju and K. M. Munisamy. Electrical and Joule heating relationship investigation
using Finite Element Method. IOP Conf. Ser.: Mater. Sci. Eng. 88, 012036 (2015)

J. W. Dewdney. Energy loss from the filament of an incandescent lamp. Am. J. Phys. 28, 2, 89-
91 (1960)

Y. Ikeda and K. Yoneta. Temperature rise of a conductor due to the electric current. Memoirs of
the Faculty of Engin., Hokkaido Imper. Univ. 2, 107-145 (1931),
https://eprints.lib.hokudai.ac.jp/dspace/bitstream/2115/37682/1/2_107-146.pdf

W. H. Preece. Il. On the heating effects of electric currents. Proc. R. Soc. Lond. 36, 228-231,
464-471 (1884)

Heating Effect of Current | Joule’s Law of Electric Heating (electronicspani.com, February 11,
2017), https://electronicspani.com/heating-effect-of-current-joules-law-of-electric-heating/
Heating Effects of Electric Current and Its Applications (toppr.com),
https://www.toppr.com/guides/physics/electricity/heating-effects-of-electric-current-and-its-
applications/

Temperature Dependence of Resistivity (toppr.com),
https://www.toppr.com/guides/physics/current-electricity/temperature-dependence-resistivity/



Background reading

Temperature Coefficient of Resistance (allaboutcircuits.com),

https://www.allaboutcircuits.com/textbook/direct-current/chpt-12/temperature-coefficient-
resistance/

HEATING EFFECT OF AN ELECTRIC CURRENT (peda.net),
https://peda.net/kenya/ass/subjects2/physics/form-32/heoaec
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Problem No. 2 “Inconspicuous bottle”

Put a lit candle behind a bottle. If you blow on the bottle from the opposite side, the
candle may go out, as if the bottle was not there at all. Explain the phenomenon.




Background reading

Blow out a candle behind a wine bottle! ][] (youtube, ScienceLuxembourg, 01.02.2023),
https://youtu.be/hRwxbnftoAk

ddekT KoaHoa @ 2 (youtube, GetAClass - dn3unKka B onbiTax u s3KcrnepumeHTax, 28.05.2021),
https://youtu.be/wSIAETyO6y8

dpdekT KoaHoa @ 1 (youtube, GetAClass - dn3unka B onbiTax u s3kcnepumeHTax, 20.05.2021),
https://youtu.be/te5ziZcnU_w

IYPT 2020 Problem 2 Inconspicuous Bottle Demonstration (youtube, Canadian Young Physicists’
Tournament, 13.01.2020), https://youtu.be/7-BkCzjy-Uk

How to Blow out a Candle behind a Bottle | Kids Science (youtube, TheDadLab, 15.11.2018),
https://youtu.be/fxirwaOzWWo

Blowing Out a Candle Behind a Cylinder (youtube, JSME FED, 02.02.2018),
https://youtu.be/|B9BG2KmUzI

Candle Behind a Flat Plate (youtube, ]SME FED, 02.02.2018), https://youtu.be/fL9gF7WMz0Q

5 weird ways to put out a candle (youtube, Physics Girl, 10.02.2016),
https://youtu.be/WainnKKtGZI

Blowing Around Corners | Science Experiment!! (youtube, LAB 360, 31.10.2014),
https://youtu.be/BXe79e05Ch8

[annneo. IKcnepuMeHT. 3aayTb cBevy Yepes byToiNKy (youtube, GalileoRU, 26.06.2014),
https://youtu.be/D9fBemgAQHU

How to Blow Out a Candle with a Bottle in the Way - Mr. Wizard's Everyday Magic (youtube,
Official Mr.Wizard's World Channel, 08.01.2014), https://youtu.be/0-Gb1lg-g to



Background reading

Candle in the Wind (youtube, Science World, 02.06.2012), https://youtu.be/O9w9RX7c|e8
Wikipedia: Bernoulli's principle, https://en.wikipedia.org/wiki/Bernoulli%?27s_principle
Wikipedia: Coanda effect, https://en.wikipedia.org/wiki/Coand%C4%83 effect

J. Chakraborty, N. Verma, and R. P. Chhabra. Wall effects in flow past a circular cylinder in a

plane channel: A numerical study. Chem. Eng. Process.: Process Intensif. 43, 12, 1529-1537
(2004)

A. Triboix and D. Marchal. Stability analysis of the mechanism of jet attachment to walls. Int. |.
Heat Mass Transf. 45, 13, 2769-2775 (2002)

R. A. Ahmad. Steady-state numerical solution of the Navier-Stokes and energy equations
around a horizontal cylinder at moderate Reynolds numbers from 100 to 500. Heat Transf. Eng.
17,1, 31-81 (1996)

C. Norberg. An experimental investigation of the flow around a circular cylinder: Influence of
aspect ratio. J. Fluid Mech. 258, 287-316 (1994)

S.]. D. D'Alessio and S. C. R. Dennis. A vorticity model for viscous flow past a cylinder. Comput.
Fluids 23, 2, 279-293 (1994)

M. Coutanceau and J.-R. Defaye. Circular cylinder wake configurations: A flow visualization
survey. Appl. Mech. Rev. 44, 6, 255-305 (1991)

C. Norberg and B. Sunden. Turbulence and Reynolds number effects on the flow and fluid
forces on a single cylinder in cross flow. J. Fluids Struct. 1, 3, 337-357 (1987)

C. Norberg. Interaction between freestream turbulence and vortex shedding for a single tube
in cross-flow. J. Wind Eng. Ind. Aerodyn. 23, 501-514 (1986)



Background reading

B. Fornberg. Steady viscous flow past a circular cylinder up to reynolds number 600. J. Comput.
Phys. 61, 2, 297-320 (1985)

B. Fornberg. A numerical study of steady viscous flow past a circular cylinder. J. Fluid Mech. 98,
4,819-855 (1980)

M. Coutanceau and R. Bouard. Experimental determination of the main features of the viscous
flow in the wake of a circular cylinder in uniform translation. Part 1. Steady flow. J. Fluid Mech.
79, 2, 231-256 (1977)

S. C. R. Dennis and G.-Z. Chang. Numerical solutions for steady flow past a circular cylinder at
Reynolds numbers up to 100. J. Fluid Mech. 42, 3, 471-489 (1970)

A. E. Hamielec and J. D. Raal. Numerical studies of viscous flow around circular cylinders. Phys.
Fluids 12, 1, 11-17 (1969)

H. Takami and H. B. Keller. Steady two-dimensional viscous flow of an incompressible fluid past
a circular cylinder. Phys. Fluids 12, 12, 1I-51-11-56 (1969)

S. C. R. Dennis, J. D. Hudson, and N. Smith. Steady laminar forced convection from a circular
cylinder at low Reynolds numbers. Phys. Fluids 11, 5, 933-940 (1968)

M. Kawaguti and P. Jain. Numerical study of a viscous fluid flow past a circular cylinder. . Phys.
Soc. Japan 21, 10, 2055-2062 (1966)

Blowing out candles around corners (thenakedscientists.com, 19 December 2010),
https://www.thenakedscientists.com/get-naked/experiments/blowing-out-candles-around-
corners



Background reading

=  Blowing out Candles Round Corners (CHRIS SMITH, DAVE ANSELL, KAT ARNEY,
thenakedscientists.com, 19 December 2010),
https://www.thenakedscientists.com/podcasts/naked-scientists-podcast/blowing-out-candles-
round-corners

= Blowing Out a Candle Behind a Cylinder (jsme-fed.org), https://www.jsme-fed.org/experiment-
e/2014_2/001.html

=  Candle Behind a Flat Plate (jsme-fed.org), https://www.jsme-fed.org/experiment-
e/2014 2/002.html

=  Flow Around the Back of a Cylinder (jsme-fed.org), https://www.jsme-fed.org/experiment-
e/2014 6/003.html

=  BERNOULLI CANDLE EXPERIMENT (scienceworld.ca),
https://www.scienceworld.ca/resource/candle-wind/




Problem No. 3 “Swinging sound tube”

A Sound Tube is a toy, consisting of a corrugated plastic tube, that you can spin around
to produce sounds. Study the characteristics of the sounds produced by such toys, and

how they are affected by the relevant parameters.




Background reading

How to use Whirly Tubes for Music (youtube, DavidAsherBrown, 15.08.2023),
https://youtu.be/ppaX-x0VZUE

Watch (and LISTEN) to what happens when you push a whirly tube BEYOND HUMAN LIMITS!
(youtube, Placemaking Report, 04.06.2023), https://youtu.be/Nf2vUwR8bZ8

Whirly Tube Composition 1 in A (youtube, Tess Oldfield, 16.12.2021),
https://youtu.be/Z_SJ70ECrOs

Whirly Tube Taps (youtube, Passionately Curious, 02.12.2020), https://youtu.be/Q6HXEh62nus
Whirly Sound tubes (youtube, James Harris, 21.08.2020), https://youtu.be/MzBXStLh2sQ

What Do Whirly Tubes Sound Like? (youtube, Fresh Hobby, 05.07.2020),
https://youtu.be/EAaMXj2Q4ls

Swinging Sound Tube IYPT 2020 Problem 3 Demonstration (youtube, Canadian Young
Physicists’ Tournament, 16.06.2020), https://youtu.be/KfsVzPKWLAY

3BYK roghpupoBaHHon Tpybbl (youtube, GetAClass - ®u3snka B onbiTax 1 3KCNEPUMEHTAX,
24.10.2019), https://youtu.be/ g6aPYaHBsA

Music for Whirly Tubes (2018) - Matt Miller (youtube, Matt Miller, 22.05.2019),
https://youtu.be/ JF1yhRIiyE

Through the Air xWhirly tube* (youtube, Sily, 27.05.2018), https://youtu.be/MhfmHGe2Acc

Music for Whirly Tubes - Matt Miller (2018) (youtube, Matt Miller, 29.03.2018),
https://youtu.be/zjIWFE_9fVo

Whirly tubes (youtube, shamnerysan, 23.02.2018), https://youtu.be/dn3f6DCDOBC



Background reading

Marine A 2, from Elevator Music by Nathan Hall (youtube, Nathan Hall, 21.09.2017),
https://youtu.be/TIGZeGmGUec

Twirling sound hose experiment (Sound tubes create low air pressure) (youtube, Kids Fun
Science, 26.05.2017), https://youtu.be/ubuEqszlaZM

How To Change The Pitch Of The Whirly Tube (youtube, The Tone-Deaf Music Teacher,
28.02.2017), https://youtu.be/30xhHihfnEw

Plastic Singing Tube Sound Tube Sound Pipe Sound Hose (youtube, GrandadIlsAnOldMan,
11.02.2017), https://youtu.be/aNekSNX56E0

Whirly Tube (youtube, Graham Elementary Music, 21.01.2016), https://youtu.be/eCOZxzO3FvE

Hello - Walk off the Earth (Ft. KRNFX) (youtube, Walk off the Earth, 06.01.2016),
https://youtu.be/t-Z2BDDogCl

Tpyba 3BykoBas (youtube, unique things, 27.03.2014), https://youtu.be/4UjymSrL5hs

Green Whirly Tube (youtube, Webcast-legacy Departmental, 16.08.2012),
https://youtu.be/dCgTIUNfa3Y

Mr. Brix plays the whirly (youtube, MsBarnett, 26.04.2011), https://youtu.be/kMnA3NO6GOs
Sound Hose - Whirly Tube (youtube, Sick Science!, 03.03.2009), https://youtu.be/CuGnsWO0OysrA
Whirled Music! (youtube, Exploratorium, 14.07.2007), https://youtu.be/4a)36-TIPD4

Wikipedia: Whirly tube, https://en.wikipedia.org/wiki/Whirly tube

0. Rudenko, G. Nakiboglu, A. Holten, and A. Hirschberg. On whistling of pipes with a corrugated
segment: Experiment and theory. J. Sound Vib. 332, 26, 7226-7242 (2013)



Background reading

G. Nakiboglu, O. Rudenko, and A. Hirschberg. Aeroacoustics of the swinging corrugated tube:
Voice of the dragon. J. Acoust. Soc. Am. 131, 749-765 (2012)

M. E. Amorim, T. D. Sousa, P. S. Carvalho, and A. S. Sousa. A simple experiment to explore
standing waves in a flexible corrugated sound tube. Phys. Teach. 49, 6, 360-362 (2011)

G. Nakiboglu, S. P. C. Belfroid, J. Golliard, and A. Hirschberg. On the whistling of corrugated
pipes: Effect of pipe length and flow profile. J. Fluid Mech. 672, 78-108 (2011)

U. R. Kristiansen, P.-O. Mattei, C. Pinhede, and M. Amielh. Measurements on tones generated in
a corrugated flow pipe with special attention to the influence of a low frequency oscillation
(2010), arXiv:1011.6150 [physics.class-ph], https://hal.science/hal-00540390/document

U. R. Kristiansen and G. A. Wiik. Experiments on sound generation in corrugated pipes with
flow. J. Acoust. Soc. Am. 121, 3, 1337-1344 (2007)

L. H. Cadwell. Singing corrugated pipes revisited. Am. J. Phys. 62, 3, 224-227 (1994)

L. H. Cadwell. Singing corrugated pipes: Using video cameras to measure air flow. Phys. Teach.
32,1,42-43 (1994)

Y. Nakamura and N. Fukamachi. Sound generation in corrugated tubes. Fluid Dyn. Res. 7, 5-6,
255-261 (1991)

F. S. Crawford. Singing corrugated pipes. Am. J. Phys. 42, 4, 278-288 (1974),

https://web.archive.org/web/20170814211159/https://www.physics.umd.edu/deptinfo/facilities/
lecdem/services/refs/refsh/Crawford-SingingPipes.pdf



Background reading

S. Serafin and J. Kojs. The voice of the dragon: A physical model of a rotating corrugated tube.
Proc. 6th Intl. Conf. on Digital Audio Effects (DAFx-03) (London, Sept 8-11, 2003),
https://citeseerx.ist.psu.edu/document?
repid=repl&type=pdf&doi=c367a3df8256a3b2c6acbdd97b29552a4ae6f940

Sounds Like Fun (Paul Doherty, isaac.exploratorium.edu, 21 Feb 2001),
http://isaac.exploratorium.edu/~pauld/activities/AAAS/aaas2001.html




Problem No. 4 “Singing ferrite”

Insert a ferrite rod into a coil fed from a signal generator. At some frequencies the rod
begins to produce a sound. Investigate the phenomenon.




Background reading

MarHuTocTpukuma (youtube, GetAClass - ®usmnka B onbiTax u akcnepumeHTax, 07.02.2019),
https://youtu.be/qAvs6B4Ej1l

Magnetostriction effect : production of ultrasonic sound (youtube, Cybo Socks, 25.02.2018),
https://youtu.be/qwSjg-keP3U

Wikipedia: Magnetostriction, https://en.wikipedia.org/wiki/Magnetostriction
Wikipedia: Ferrite core, https://en.wikipedia.org/wiki/Ferrite_core
Wikipedia: Resonance, https://en.wikipedia.org/wiki/Resonance

Wikipedia: Electromagnetically induced acoustic noise,
https://en.wikipedia.org/wiki/Electromagnetically induced acoustic_noise

X. Zhao, Y. Du, Y. Liu, Z. Du, D. Yuan, and L. Liu. Magnetostrictive properties of the grain-
oriented silicon steel sheet under DC-biased and multisinusoidal magnetizations. Materials 12,
13, 2156 (2019), https://www.mdpi.com/1996-1944/12/13/2156/pdf

S. YUrekten, Y. Sert, M. Trnan, and E. Ceylan. The parameters of generated sound level of
transformer cores. Procedia Eng. 202, 273-279 (2017)

C.-H. Hsu, Y.-M. Huang, M.-F. Hsieh, C.-M. Fu, S. Adireddy, and D. B. Chrisey. Transformer
sound level caused by core magnetostriction and winding stress displacement variation. AIP
Advances 7, 5, 056681 (2017)

B. E. Anderson and W. D. Peterson. The song of the singing rod. J. Acoust. Soc. Am. 131, 3, pt.
2, 2435-2443 (2012)

T. P. P. Phway and A. J. Moses. Magnetisation-induced mechanical resonance in electrical
steels. J. Magn. Magn. Mater. 316, 2, 468-471 (2007)



Background reading

N. B. Ekreem, A. G. Olabi, T. Prescott, A. Rafferty, and M. S. J. Hashmi. An overview of
magnetostriction, its use and methods to measure these properties. J. Mater. Process. Technol.
191, 1-3, 96-101 (2007)

B. Weiser, H. Pfutzner, and J. Anger. Relevance of magnetostriction and forces for the
generation of audible noise of transformer cores. IEEE Trans. Magn. 36, 5, 3759-3777 (2000)

F. W. Schott, T. F. Tao, and R. A. Freibrun. Electromagnetic waves in longitudinally magnetized
ferrite rods. . Appl. Phys. 38, 7, 3015-3022 (1967)

R. M. Bozorth, E. F. Tilden, and A. J. Williams. Anisotropy and magnetostriction of some ferrites.
Phys. Rev. 99, 6, 1788-1798 (1955)

T. D. Gordy. Audible noise of power transformers. Trans. Am. Inst. Electr. Eng. 69, 1, 45-53
(1950)

N. Gaines. A magnetostriction oscillator producing intense audible sound and some effects
obtained. J. Appl. Phys. 3, 5, 209-229 (1932)

J. MUhlethaler, M. Schubiger, U. Badstubner, and J. W. Kolar. Acoustic noise in inductive power
components. Proc. 15th Eur. Conf. on Power Electronics and Applications and Exhibition
(EPE‘13-ECCE Europe) (Lille, France, September 3-5, 2013), https://www.pes-
publications.ee.ethz.ch/uploads/tx_ethpublications/22_Acoustic_Noise_ ECCE_Europe2013_ Mue
hlethaler.pdf

C. W. Diethelm. Ferrite als magnetostriktive Resonatoren und deren Anwendung als Elemente
elektrischer Filter (ETH Zarich, Promotionsarbeit, 1951),

https://www.mikrocontroller.net/attachment/265504/Ferrite_als_magnetostriktive_Resonatoren
_eth-32736-02.pdf



Problem No. 5 “Sweet mirage”

Fata Morgana is the name given to a particular form of mirage. A similar effect can be
produced by shining a laser through a fluid with a refractive index gradient. Investigate

the phenomenon.




Background reading

Variable Index of Refraction Tank (youtube, SFU Physics, 10.11.2020),
https://youtu.be/GY3tYVSy6hk

Bending Light with a Sugar Gradient (youtube, SFU Physics, 26.03.2020),
https://youtu.be/sft3QYZjNCU

IYPT 2020 Problem 5 Sweet Mirage Demonstration (youtube, Canadian Young Physicists’
Tournament, 29.09.2019), https://youtu.be/GMOWKZh4kS0

Argon Laser Refraction in Sugar Water in RamZland![] (youtube, RamZland, 21.02.2017),
https://youtu.be/x--6b3glm50

Laser beam is bending in sugar water (youtube, Nils Austa, 20.10.2016),
https://youtu.be/otuX9SPAYcl

Mupa>u n KpUBOJIMHENHOE pacnpocTpaHeHme ceeTa (youtube, GetAClass - ®u3mka B onbITax
n akcnepumeHTax, 15.09.2016), https://youtu.be/iGCIXGTT_1Q

Bending of light - Laser Science Experiment (youtube, Taras Kul, 25.02.2016),
https://youtu.be/c6HVWe9tMFA

Gradient Index Optics (youtube, University of Rochester, 29.09.2014),
https://youtu.be/XQj97dvabss

Refractive Properties of Gradient Index Optics (youtube, University of Rochester, 29.09.2014),
https://youtu.be/rnNjV3fh-4M

ADD SUGER, BEND LIGHT - ENGLISH - 8MB (youtube, Arvind Gupta, 14.09.2013),
https://youtu.be/PAK 1C-Zqo0



Background reading

Bending a laser beam. Experiment. (youtube, Carlos Guirao, 10.04.2011),
https://youtu.be/zTx7UoPXvrd

Wikipedia: Snell's law, https://en.wikipedia.org/wiki/Snell%27s law

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

Wikipedia: Fata Morgana (mirage), https://en.wikipedia.org/wiki/Fata_Morgana_(mirage)

A. T. Young and E. Frappa. Mirages at Lake Geneva: the Fata Morgana. Appl. Opt. 56, 19, G59-
G68 (2017), https://www.vk2krr.com/Andrew%20t%20Young%20Fata%20Morgana%?20article
%202017.pdf

R. I. Rabady. Simplified model for light propagation in graded-index-medium. Opt. Photonics |.
3, 347-350 (2013), https://www.scirp.org/pdf/OP) 2013112009301643.pdf

T. Lopez-Arias, G. Calza, L. M. Gratton, and S. Oss. Mirages in a bottle. Phys. Educ. 44, 6, 582-
588 (2009)

B. B. Manep un E. 1. BapakcuHa. Mupaxx B HepaBHOMepHO HarpeTton Boge // NMoTeHuwnan, Nel
(2008),
https://web.archive.org/web/20131204085631/http://potential.org.ru/pub/Home/FullTextArticle
s/miraj.pdf

J. D. Pettigrew. The Min Min light and the Fata Morgana An optical account of a mysterious
Australian phenomenon. Clinical and Experimental Optometry 86, 2, 109-120 (2003)

L. Richey, B. Stewart, and J. Peatross. Creating and analyzing a mirage. Phys. Teach. 44, 7,
460-464 (2006)



Background reading

S. Nemoto. Measurement of the refractive index of liquid using laser beam displacement. Appl.
Opt. 31, 31, 6690-6694 (1992)

P. R. Barker, P. R. M. Crofts, and M. Gal. A superior ‘‘superior’’ mirage. Am. J. Phys. 57, 10, 953-
954 (1989)

R. G. Greenler. Laboratory simulation of inferior and superior mirages. J. Opt. Soc. Am. A 4, 3,
589-590 (1987)

A.]. Barnard and B. Ahlborn. Measurement of refractive index gradients by deflection of a laser
beam. Am. |. Phys. 43, 7, 573-574 (1975)

W. M. Strouse. Bouncing light beam. Am. J. Phys. 40, 6, 913-914 (1972)

R. W. Wood. XXX. Some experiments on artificial mirages and tornadoes. Phil. Mag. 47, 287,
349-353 (1899)

Laser light bend (Swarthmore Physics Demonstrations, June 4, 2018),
https://demos.swarthmore.edu/physics/2018/06/laser-light-bend/

Sugar-Water Fiber Optics (flinnsci.com, 2016),
https://www.flinnsci.com/api/library/Download/fac9cf07c0a04f8a8568900fb6f78c53
Laser Viewing Tank (ARBOR SCIENTIFIC, amazonaws.com, 2009), https://asc-mag-
media.s3.amazonaws.com/datasheet/P2-7690 DS.pdf

An Introduction to Mirages (Andrew T. Young, aty.sdsu.edu, 30 July 2003),
https://aty.sdsu.edu/mirages/mirintro.html



Background reading

=  Alexander Schricker. Refractive bending of light due to thermal gradients in air (ATLAS Muon
Note, October 24, 2001), http://cds.cern.ch/record/684258/files/muon-2001-017.pdf

=  Mirages: A Primer (Keith C. Heidorn, islandnet.com, July 1, 1999),
https://web.archive.org/web/20190608215631/http://www.islandnet.com/~see/weather/elemen
ts/miragel.htm

=  Mirage (J. B. Calvert, mysite.du.edu),
https://web.archive.org/web/20071016080534/http://mysite.du.edu/~jcalvert/astro/mirage.htm

= Index of Refraction Using Sugar Solution in Water (physicsed.buffalostate.edu),
http://physicsed.buffalostate.edu/pubs/StudentindepStudy/EURPO9/Sugar/sugar.html

= Bouncing Light Beam (Harvard Natural Sciences Lecture Demonstrations,
sciencedemonstrations.fas.harvard.edu),
https://sciencedemonstrations.fas.harvard.edu/presentations/bouncing-light-beam

= L4-23. Bending Of A Laser Beam In Sugar Solution (labdemos.physics.sunysb.edu),
https://labdemos.physics.sunysb.edu/l.-geometrical-optics/I4.-
refraction/bending_of a laser beam in_sugar_solution

= 6A40.40 Variable Index of Refraction Tank (sfu.ca), https://www.sfu.ca/physics/demos/demos-
experiments/variable-index-burnaby.html

= Variable index of refraction: laser beam bends in water tank with sugar.
(berkeleyphysicsdemos.net), https://berkeleyphysicsdemos.net/node/645




Problem No. 6 “Saxon bowl!”

A bowl with a hole in its base will sink when placed in water. The Saxons used this
device for timing purposes. Investigate the parameters that determine the time of

sinking.




Background reading

Saxon Bowl IEME U (youtube, 2, 13.04.2020), https://youtube.com/shorts/AqK3Hf50FT4

International Young Physicists : saxon bowl (youtube, WASUTHA Janonsoong, 28.02.2020),
https://youtu.be/xWTSqlyVf50

CakCoHCKas Yawa ans nsmepeHus spemeHun (youtube, GetAClass - ®n3mnka B onbiTax u
skcnepumMeHTax, 05.03.2020), https://youtu.be/eaMWu40OUtMw

IYPT 2020 Problem 6 Saxon Bowl Demonstration (youtube, Canadian Young Physicists’
Tournament, 08.09.2019), https://youtu.be/rrlr9yimb M

Wikipedia: Water clock, https://en.wikipedia.org/wiki/Water clock

Wikipedia: Torricelli's law, https://en.wikipedia.org/wiki/Torricelli%27s law

S. Jaikumar and L. Yang. Theoretical and experimental study of motion and sinking time of
Saxon bowls. Eur. J. Phys. 43, 2, 024001 (2022)

A. Greer and E. Kincanon. An experiment with Saxon bowls. Phys. Teach. 38, 2, 112 (2000)
Saxon Bowl IYPT 2020 - analytical solution from ilinblog (CakcoHckasa mucka) (lvan llin, 25-07-
2019), http://ilinblog.ru/article.php?id_article=58

How is Bernoulli's equation related to saxon bowls? (odysseyinheights, physicsforums.com,
Mar 18, 2016), https://www.physicsforums.com/threads/how-is-bernoullis-equation-related-to-
saxon-bowls.862660/

Water flow Ill - Saxon Bowls (Richard Walding, seniorphysics.com),
http://seniorphysics.com/physics/se.html



Background reading

= What physics equation can be used to describe the saxon bowl experiment?
(physics.stackexchange.com, Jul 11, 2018),

https://physics.stackexchange.com/questions/416112/what-physics-equation-can-be-used-to-
describe-the-saxon-bowl-experiment
=  Replica of Saxon 'Sinking Bowl' Water Clock, 1931 (sciencemuseumgroup.org.uk),

https://collection.sciencemuseumgroup.org.uk/objects/co530/replica-of-saxon-sinking-bow!-
water-clock-1931-water-clock-replica




Problem No. 7 “Balls on a string”

Put a string through a ball with a hole in it such that the ball can move freely along the
string. Attach another ball to one end of the string. When you move the free end
periodically, you can observe complex movements of the two balls. Investigate the

phenomenon.




Background reading

The science behind the Astrojax physics Toy (youtube, Dr Ken Science, 23.03.2023),
https://youtu.be/w65i8)G58vo

I[YPT 2020 Problem 7 Ball on a String Demonstration (youtube, Canadian Young Physicists’
Tournament, 15.09.2019), https://youtu.be/| gqSH3plftg

Astrojax Trick Tutorial: Vertical Orbit (youtube, US ASTROJAX, 06.12.2013),
https://youtu.be/VmG]JilHgn6E

Astrojax Orbital Ball Toy from ThinkGeek (youtube, ThinkGeek, 08.10.2013),
https://youtu.be/ofywdGdsNV8

International Toys in Space: Astrojax (youtube, NASA Video, 12.05.2013),
https://youtu.be/AA8mM_ox2urk

44clash Astrojax Performance (youtube, US ASTROJAX, 06.12.2012), https://youtu.be/|8ds2-
SgJrQ

AstroJAX Blue Diamond (youtube, xUmp Science Toys, 13.04.2012),
https://youtu.be/ifgz1Vd0Tsg

Astrojax PLUS (youtube, US ASTROJAX, 27.01.2012), https://youtu.be/3K]Z7Y)ZoE8
Astrojax MX (youtube, ActivePeopleToys, 05.12.2011), https://youtu.be/YbSIMYb wic

Astrojax - "The greatest Toy ever designed.." (youtube, ActivePeopleToys, 05.10.2011),
https://youtu.be/tR4Tn_es-5M

Astrojax (youtube, magicthomas, 30.04.2007), https://youtu.be/7n7ULkfkNil
Wikipedia: Astrojax, https://en.wikipedia.org/wiki/Astrojax



Background reading

B. Duan, Z. Bai, Y. Zhang, Q. Zhang, S. Fang, and B. Shao. Research and experimental design
of Astrojax double balls trajectory based on double pendulum system (2022),
arXiv:2201.08572 [physics.ed-ph]

J. E. Marsden and J. Scheurle. Lagrangian reduction and the double spherical pendulum. Z.
angew. Math. Phys. 44, 17-43 (1993)

J. E. Marsden, J. Scheurle, and J. M. Wendlandt. Visualization of orbits and pattern evocation for
the double spherical pendulum. Proc. ICIAM 95: Third International Congress on Industrial and
Applied Mathematics (Berlin, Akademie Verlag, 1996), pp. 213-232,
https://authors.library.caltech.edu/records/nt33v-cy732

A. Karsai, S. Harrington, and C. Campbell. The Astrojax Pendulum (gatech.edu, 10 December
2014), https://nldlab.gatech.edu/w/images/c/c6/NLD.pdf

D. Dichter and K. Maschan. Modeling and Simulation of Astrojax
(testtestestes423432435645.weebly.com, December 16, 2013),
http://testtestestes423432435645.weebly.com/uploads/2/4/4/5/24451800/astrojax_final_report
pdf

P. du Toit. The Astrojax Pendulum and the N-Body Problem on the Sphere: A study in reduction,
variational integration, and pattern evocation (caltech.edu, 1 June 2005),
https://www.cds.caltech.edu/~marsden/wiki/uploads/projects/geomech/Dutoit2005.pdf

C. Campbell, S. Harrington, and A. Karsai. Variable Length Spherical Pendulum: The Astrojax
(gatech.edu), https://nldlab.gatech.edu/w/images/b/b0/Astrojax_Pendulum.pdf

How to Make an Amazing Physics Toy With 3 Balls & a String (CrawfishYAY, instructables.com),
https://www.instructables.com/How-To-Make-An-Amazing-Physics-Toy-With-3-Balls-A-/



¥

Problem No. 8 “Soap membrane filter”

A heavy particle may fall through a horizontal soap film without rupturing it. However,
a light particle may not penetrate the film and may remain on its surface. Investigate

the properties of such a membrane filter.



Background reading

I[YPT 2020 Problem 8 Soap Membrane Filter Demonstration (youtube, Canadian Young
Physicists’ Tournament, 12.08.2019), https://youtu.be/xI9PuAV|Ptw

Surprising particle filters made from self-healing soap films (youtube, Chemical & Engineering
News, 11.09.2018), https://youtu.be/nJTbPEyo51Q

This improbable membrane can trap flies in a jar—and odor in a toilet (youtube, Science
Magazine, 24.08.2018), https://youtu.be/Rod7nmKSWFO

Cell Membrane Bubble Lab (youtube, sofi solis, 19.02.2018), https://youtu.be/077kcGOOYW4

The Marangoni Effect (youtube, Phantom Cameras - Vision Research, 10.10.2013),
https://youtu.be/Oh16Tyn2138

Self Healing Soap Films (youtube, byusplashlab, 16.10.2012), https://youtu.be/5ThEyeh6z7g

Y. Wei, Z. Mu, Y. Zhang, Y. Yang, S. Liu, C. K. Law, and A. Saha. Dynamics and morphology of
droplet penetrating a soap film. J. Fluid Mech. 933, A32 (2022)

B. B. Stogin, L. Gockowski, H. Feldstein, H. Claure, J. Wang, and T.-S. Wong. Free-standing
liguid membranes as unusual particle separators. Sci. Advances 4, 8, eaat3276 (2018)

A. Sane, S. Mandre, and I. Kim. Surface tension of flowing soap films. J. Fluid Mech. 841, R2
(2018)

J. Zou, W. Wang, C. Ji, and M. Pan. Droplets passing through a soap film. Phys. Fluids 29, 6,
062110 (2017)

T. Killian, J. Huey, J. Bryson, and T. Truscott. Self healing soap films (2012), arXiv:1210.3797
[physics.flu-dyn]



Background reading

Y. D. Afanasyev, G. T. Andrews, and C. G. Deacon. Measuring soap bubble thickness with color
matching. Am. J. Phys. 79, 10, 1079-1082 (2011)

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

L. Courbin and H. A. Stone. Impact, puncturing, and the self-healing of soap films. Phys. Fluids
18,9, 091105 (2006)

V. Bergeron. Forces and structure in thin liquid soap films. J. Phys.: Cond. Mat. 11, 19, R215-
R238 (1999)

G. A. Cook. Tough soap films and bubbles. J. Chem. Educ. 15, 4, 161-166 (1938)

A. S. C. Lawrence. Stability in soap films. Nature 125, 970-971 (1930)

Surprising particle filters made from self-healing soap films (Tien Nguyen, cen.acs.org,

September 11, 2018), https://cen.acs.org/materials/coatings/Surprising-particle-filters-made-
self/96/web/2018/09

Soap Film Filter (Nicole Sharp, fyfluiddynamics.com, September 5, 2018),
https://fyfluiddynamics.com/2018/09/inspired-by-the-self-healing-properties-of-soap/
Self-healing reverse filter opens the door for many novel applications (Pennsylvania State
University, phys.org, AUGUST 24, 2018), https://phys.org/news/2018-08-self-healing-reverse-
filter-door-applications.html

Self-Healing Soap Films (Nicole Sharp, fyfluiddynamics.com, November 23, 2012),
https://fyfluiddynamics.com/2012/11/some-soap-films-are-capable-of-self-healing-after/



Background reading

= Surface tension (Benny Lautrup, gatech.edu, 2010),
https://cns.gatech.edu/~predrag/courses/PHYS-4421-13/Lautrup/surface.pdf

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




Problem No. 9 “Magnetic levitation”

Under certain circumstances, the "flea" of a magnetic stirrer can rise up and levitate
stably in a viscous fluid during stirring. Investigate the origins of the dynamic
stabilization of the "flea" and how it depends on the relevant parameters.




Background reading

JleBuTaumna B MarHuTHon mewanke (THO® 2020) (youtube, AHgpen LeTHnkos, 16.10.2019),
https://youtu.be/IxzATRHRv7k

Magnetic Levitation IYPT 2020 Problem 9 Demonstration (youtube, Canadian Young Physicists’
Tournament, 14.10.2019), https://youtu.be/Dx_GIVWPHGw

JleBuTaumna B MarHuTHon mewanke (THO® 2020) (youtube, AHgpen LWeTHukos, 10.10.2019),
https://youtu.be/7 _nzsMOE _jU

The Flight of the Humble Flea: Levitation and Inefficient Mixing in Magnetic Stirrers (youtube,
American Physical Society, 29.01.2019), https://youtu.be/3Z)QaQazFgw

Wikipedia: Magnetic stirrer, https://en.wikipedia.org/wiki/Magnetic_stirrer

Wikipedia: Spin-stabilized magnetic levitation, https://en.wikipedia.org/wiki/Spin-
stabilized_magnetic_levitation

A. Kuznetsov. Comment on "Magnetic Levitation Stabilized by Streaming Fluid Flows" (2020),
arXiv:2001.11307 [physics.class-ph]

K. A. Baldwin, J.-B. de Fouchier, P.S. Atkinson, R.]J. A. Hill, M. R. Swift, and D. J. Fairhurst.
Magnetic levitation stabilized by streaming fluid flows. Phys. Rev. Lett. 121, 6, 064502 (2018),
arXiv:1805.08608 [cond-mat.soft]

Levitating in a Fluid (physics.aps.org, August 8, 2018), https://physics.aps.org/articles/v11/s91



Problem No. 10 “Conducting lines”

A line drawn with a pencil on paper can be electrically conducting. Investigate the
characteristics of the conducting line.




Background reading

I[YPT 2020 Problem 10 Conducting Lines Demonstration (youtube, Canadian Young Physicists’
Tournament, 26.08.2019), https://youtu.be/xMWIvDXoO0k

How To Make Electricity Conducting Paint at Home Using Pencil | DIY Graphite Paint (youtube,
jeevan jee, 26.06.2019), https://youtu.be/3u8y8zLKDdU

Paper Circuit! (youtube, Household Hacker, 21.09.2011), https://youtu.be/BwKQ9Idq9FM
Wikipedia: Graphite, https://en.wikipedia.org/wiki/Graphite

A. Kucukozer. Teaching the factors affecting resistance using pencil leads. Phys. Teach. 53, 1,
38-40 (2015)

C. Chiaverina. Exploring electric circuits and resistance using pencil lead. Phys. Teach. 52, 9,
570-571 (2014)

T.-K. Kang. Tunable piezoresistive sensors based on pencil-on-paper. Appl. Phys. Lett. 104, 7,
073117 (2014)

N. Kurra and G. U. Kulkarni. Pencil-on-paper: Electronic devices. Lab Chip 13, 15, 2866-2873
(2013)

N. Kurra, D. Dutta, and G. U. Kulkarni. Field effect transistors and RC filters from pencil-trace on
paper. Phys. Chem. Chem. Phys. 15, 21, 8367-8372 (2013)

B. Marinho, M. Ghislandi, E. Tkalya, C. E. Koning, and G. de With. Electrical conductivity of
compacts of graphene, multi-wall carbon nanotubes, carbon black, and graphite powder.
Powder Technol. 221, 351-358 (2012)



Background reading

S. Rattanaweeranon, P. Limsuwan, V. Thongpool, V. Piriyawong, and P. Asanithi. Influence of
bulk graphite density on electrical conductivity. Procedia Eng. 32, 1100-1106 (2012)

S. Derman and A. Goykadosh. A pencil-and-tape electricity experiment. Phys. Teach. 37, 7,
400-402 (1999)

L. D. Woolf and H. H. Streckert. Graphite pencil line for exploring resistance. Phys. Teach. 34, 7,
440-441 (19906)

N. Deprez and D. S. McLachlan. The analysis of the electrical conductivity of graphite
conductivity of graphite powders during compaction. J. Phys. D: Appl. Phys. 21, 11, 101-107
(1988)

Properties and characteristics of graphite (Poco Graphite, January 2015),
https://web.archive.org/web/20170918033907/http://poco.com/Portals/0/Literature/Semiconduc
tor/IND-109441-0115.pdf



Problem No. 11 “Drifting speckles”

Shine a laser beam onto a dark surface. A granular pattern can be seen inside the spot.
When the pattern is observed by a camera or the eye, that is moving slowly, the
pattern seems to drift relative to the surface. Explain the phenomenon and investigate
how the drift depends on relevant parameters.



Background reading

Drifting Speckles IYPT 2020 Problem 11 Demonstration (youtube, Canadian Young Physicists’
Tournament, 03.05.2020), https://youtu.be/TX5L8Lfyi7w

Overview 2 (youtube, Sofia Noé, 10.01.2020), https://www.youtube.com/shorts/mGfBIHFEeZk

Drifting Speckles Overview (youtube, Sofia No€, 10.01.2020),
https://www.youtube.com/shorts/ozb1X9LyV-Q

Laser Speckles (JTazepHbin Cnekn) (youtube, Pa3Hoe, 22.05.2017),
https://youtu.be/VEXmijvibCo

Wikipedia: Speckle (interference), https://en.wikipedia.org/wiki/Speckle (interference)
Wikipedia: Diffuse reflection, https://en.wikipedia.org/wiki/Diffuse_reflection
A. E. Ennos. Laser speckle experiments for students. Phys. Educ. 31, 3, 138-142 (1996)

Y. Jin, R. Dollevoet, and Z. Li. Numerical simulation and characterization of speckle noise for
laser Doppler viborometer on moving platforms (LDVom). Opt. Lasers Eng. 158, 107135 (2022)
A. F. Fercher and J. D. Briers. Flow visualization by means of single-exposure speckle
photography. Opt. Commun. 37, 5, 326-330 (1981)

T. A. Hinsdale. Laser speckle imaging: A quantitative tool for flow analysis (M.Sc. thesis,
California Polytech. State Univ., 2014), https://digitalcommons.calpoly.edu/cgi/viewcontent.cgi?
article=2357&context=theses

D. D. Duncan and S. J. Kirkpatrick. Algorithms for simulation of speckle (laser and otherwise).
Proc. Complex Dynamics and Fluctuations in Biomedical Photonics V, 685505 (2008)



Background reading

Explanation of the Motion of Laser Speckle (Paul Doherty, isaac.exploratorium.edu, 27 June

2006),
http://isaac.exploratorium.edu/~pauld/summer _institute/summer_daylperception/laserspeckle

perception.htm

Laser Speckle (Paul Doherty, isaac.exploratorium.edu, 22 May 2000),
http://isaac.exploratorium.edu/~pauld/summer _institute/summer_daylperception/laser speckl
e.html

M. Francon. Laser Speckle and Applications in Optics (Academic Press, 1979)




Problem No. 12 “Polygon vortex”

A stationary cylindrical vessel containing a rotating plate near the bottom surface is
partially filled with liquid. Under certain conditions, the shape of the liquid surface

becomes polygon-like. Explain this phenomenon and investigate the dependence on
the relevant parameters.




Background reading

Polygon Vortex Part 2 IYPT 2020 Problem 12 Demonstration (youtube, Canadian Young
Physicists’ Tournament, 30.05.2020), https://youtu.be/I1vhR]Jo0Eik

Magnetic Transmission IYPT 2020 Problem 12 Polygon Vortex Demonstration Part 1 (youtube,
Canadian Young Physicists’ Tournament, 16.05.2020), https://youtu.be/xIP81oVpdNO

Top view (youtube, Kaare H. Jensen, 15.12.2012), https://youtu.be/d3TMO0OUM9-4

Side view (youtube, Kaare H. Jensen, 15.12.2012), https://youtu.be/LKvegkYGVYM

Instability in action (youtube, Kaare H. Jensen, 15.12.2012), https://youtu.be/8DnhBlsrlho
Rotating Polygons (youtube, Kaare H. Jensen, 06.09.2000), https://youtu.be/kcizFC-Qt U

A. Rashkovan, S. D. Amar, U. Bieder, and G. Ziskind. Analysis of polygonal vortex flows in a
cylinder with a rotating bottom. Appl. Sci. 11, 3, 1348 (2021)

W. Yang, I. Delbende, Y. Fraigneau, and L. M. Witkowski. Axisymmetric rotating flow with free
surface in a cylindrical tank. J. Fluid Mech. 861, 796-814 (2019)

B. Bach, E. C. Linnartz, M. H. Vested, A. Andersen, and T. Bohr. From Newton’s bucket to
rotating polygons: experiments on surface instabilities in swirling flows. J. Fluid Mech. 759, 386-
403 (2014)

W. Suchecki. Analysis of the liquid flow in a vessel with a rotating disk at the liquid surface.
Chem. and Process Engin. 35, 1, 3-18 (2014)

L. G. Kurakin. Influence of annular boundaries on Thomson's vortex polygon stability. Chaos 24,
2,023105 (2014)

L. Tophgj, J. Mougel, T. Bohr, and D. Fabre. Rotating polygon instability of a swirling free
surface flow. Phys. Rev. Lett. 110, 19, 194502 (2013)



Background reading

R. Bergmann, L. Tophgj, T. A. M. Homan, P. Hersen, A. Andersen, and T. Bohr. Polygon
formation and surface flow on a rotating fluid surface. J. Fluid Mech. 679, 415-431 (2011)

G. H. Vatistas. A classical flow instability and its connection to gaseous galactic disk
hydrodynamics (2007), arXiv:astro-ph/0701036

T. R. N. Jansson, M. P. Haspang, K. H. Jensen, P. Hersen, and T. Bohr. Erratum: Polygons on a
rotating fluid surface [Phys. Rev. Lett. 96, 174502 (2006)]. Phys. Rev. Lett. 98, 4, 049901
(2007)

T. R. N. Jansson, M. P. Haspang, K. H. Jensen, P. Hersen, and T. Bohr. Polygons on a rotating
fluid surface. Phys. Rev. Lett. 96, 17, 174502 (2006), arXiv:physics/0511251 [physics.flu-dyn]
G. H. Vatistas, J. Wang, and S. Lin. Recent findings on Kelvin's equilibria. Acta Mechanica 103,
89-102 (1994)

G. H. Vatistas, J. Wang, and S. Lin. Experiments on waves induced in the hollow core of
vortices. Exp. Fluids 13, 377-385 (1992)

G. H. Vatistas. A note on liquid vortex sloshing and Kelvin's equilibria. J. Fluid Mech. 217, 241-
248 (1990)

Taking on a New Shape (Miranda Marquit, phys.org, May 15, 2006),
https://phys.org/news/2006-05-taking-on-a-new-shape.html



Problem No. 13 “Friction oscillator”

A massive object is placed onto two identical parallel horizontal cylinders. The two
cylinders each rotate with the same angular velocity, but in opposite directions.
Investigate how the motion of the object on the cylinders depends on the relevant
parameters.




Background reading

Friction Oscillator IYPT 2020 Problem 13 Demonstration (youtube, Canadian Young Physicists’
Tournament, 12.06.2020), https://youtu.be/q3G-qi IWXE

O puKUMOHHBIN ocumnnaTop (youtube, GetAClass - ®u3snka B onbiTax 1 3KCNEPUMEHTAX,
17.10.2019), https://youtu.be/YtkhTout3PU

Physik: Schukowskij-Pendel (youtube, Universitat Innsbruck, 02.01.2017),
https://youtu.be/zphFyMyHois

Friction Oscillator (youtube, Dale Sievert, 15.12.2016), https://youtu.be/-Et YyjLpCs

Stick slip motion (youtube, Giacomo Squicciarini, 27.02.2015), https://youtu.be/TcebgBomjRs

146 Frottement dynamique et statique ( poutre ) (youtube, Expériences EPFL, 30.08.2014),
https://youtu.be/WnAWSjMITVo

The Friction Oscillator (youtube, Wolfram Demonstrations Project, 02.12.2013),
https://youtu.be/TSVcGDSNZz9I

The Friction Oscillator (youtube, Dan Russell, 29.08.2012), https://youtu.be/46lk2FXzwT8
Wikipedia: Stick-slip phenomenon, https://en.wikipedia.org/wiki/Stick-slip_phenomenon

Z.-F. Wang, Q.-H. Li, and J.-X. Hou. Non-Coulomb effect on the Timoshenko oscillation. Eur. J.
Phys. 42, 5, 055012 (2021)

R. Henaff, G. Le Doudic, B. Pilette, C. Even, J.-M. Fischbach, F. Bouquet, J. Bobroff, M.
Monteverde, and C. A. Marrache-Kikuchi. A study of kinetic friction: The Timoshenko oscillator.
Am. J. Phys. 86, 3, 174-179 (2018), arXiv:1710.04481 [physics.ed-ph]

A. Molinari, Y. Estrin, and S. Mercier. Dependence of the coefficient of friction on the sliding
conditions in the high velocity range. J. Tribol. 121, 1, 35-41 (1999)



Background reading

K. Popp, N. Hinrichs, and M. Oestereich. Dynamical behaviour of a friction oscillator with
simultaneous self and external excitation. Sadhana 20, 2-4, 627-654 (1995),
https://www.ias.ac.in/article/fulltext/sadh/020/02-04/0627-0654

C. Gao and D. Kuhlmann-Wilsdorf. On stick-slip and the velocity dependence of friction at low
speeds. J. Tribol. 112, 2, 354-360 (1990)

SHM Oscillator (Chiu-king Ng, ngsir.netfirms.com, 20-3-2019),
https://ngsir.netfirms.com/englishhtm/Oscillator.htm

The Friction Oscillator (Enrique Zeleny, demonstrations.wolfram.com),
https://demonstrations.wolfram.com/TheFrictionOscillator/

1K20.45 - Friction Oscillator (School of Physics and Astronomy Lecture Demonstrations,
University of Minnesota), https://spademos.umn.edu/1K20.45

a friction driven oscillator (Jun Zhang, New York University),
https://physics.nyu.edu/jz11/frictiondriven.html

S. Timoshenko. Vibration Problems in Engineering (New York, D. van Nostrand Company Inc.,
1937), p. 26, https://archive.org/details/vibrationproblem031611mbp/page/n41/mode/2up



Problem No. 14 “Falling tower”

|dentical discs are stacked one on top of another to form a freestanding tower. The
bottom disc can be removed by applying a sudden horizontal force such that the rest
of the tower will drop down onto the surface and the tower remains standing.
Investigate the phenomenon and determine the conditions that allow the tower to

remain standing.




Background reading

I[YPT 2020 Falling Tower Problem 14 Compilation (youtube, Marthe de Vries, 25.12.2019),
https://youtu.be/bv7TKLHMUQg4

Falling Tower IYPT 2020 Problem 14 Demonstration (youtube, Canadian Young Physicists’
Tournament, 10.11.2019), https://youtu.be/cn)jQllaDYwo

Tablecloth Tricks! (Dear Ryan) (youtube, nigahiga, 29.03.2019), https://youtu.be/ 02ZvOmsYL8

Coin Tower Experiment - Newtons First Law of Motion - Poppy Does Science (youtube, Poppy
Presents, 19.11.2017), https://youtu.be/lvsqb_g4P2M

Coin Tower - Sick Science! #205 (youtube, Sick Science!, 26.08.2014),
https://youtu.be/TNIhOjnkc9o

[annneo. dkcnepumMeHT. BolgepHyTb CkaTepThb (youtube, GalileoRU, 08.10.2012),
https://youtu.be/IxwxLotN7tk

Tablecloth Trick - Cool Science Experiment (youtube, SpanglerScienceTV, 16.12.2011),
https://youtu.be/PcGlUZzWoVc

BbiaeprmnBaHue ckaTepTu n3-noa cocyaa ¢ sogon. (youtube, HUAY MAOK, 15.03.2011),
https://youtu.be/xVSWuvZ8aQA

Inertia Checkers Project (youtube, XxemoXxAnimeXx, 23.10.2009),
https://youtu.be/s606m3A ViM

Wikipedia: Jenga, https://en.wikipedia.org/wiki/Jenga
Wikipedia: Inertia, https://en.wikipedia.org/wiki/Inertia

A. Lerer, S. Gross, and R. Fergus. Learning physical intuition of block towers by example
(2016), arXiv:1603.01312 [cs.Al]



Background reading

M. Paterson, Y. Peres, M. Thorup, P. Winkler, and U. Zwick. Maximum overhang (2007),
arXiv:0707.0093 [math.HO]

M. Paterson and U. Zwick. Overhang (2007), arXiv:0710.2357 [math.HO]

J. F. Hall. Fun with stacking blocks. Am. J. Phys. 73, 12, 1107-1116 (2005)

The Tablecloth, the Coin, and Other Adventures with Inertia (lecdem.physics.umd.edu, 18
August 2020), https://lecdem.physics.umd.edu/tools-and-resources/lecdem-blog/411-blog-
highlight-tablecloth-partl.html

Solution: ‘Hanging Far Out Over the Edge’ (Pradeep Mutalik, quantamagazine.org, December
2, 2016), https://www.quantamagazine.org/the-overhang-puzzle-solution-20161202/

How far can you overhang blocks? (datagenetics.com),
http://datagenetics.com/blog/may32013/index.html

Is it possible to remove the last block from a the lowest layer of a Jenga tower?
(physics.stackexchange.com, Jun 11, 2015),
https://physics.stackexchange.com/questions/188998/is-it-possible-to-remove-the-last-block-
from-a-the-lowest-layer-of-a-jenga-tower




Problem No. 15 “Pepper pot”

If you take a salt or pepper pot and just shake it, the contents will pour out relatively
slowly. However, if an object is rubbed along the bottom of the pot, then the rate of
pouring can increase dramatically. Explain this phenomenon and investigate how the
rate depends on the relevant parameters.




Background reading

I[YPT 2020 Problem 15 Pepper Pot Demonstration (youtube, Canadian Young Physicists’
Tournament, 07.08.2019), https://youtu.be/GKGm57Xb8jQ

THIS IS WHY SALT & PEPPER SHAKERS HAVE RIDGES ON BOTTOM; THIS IS COOL (youtube,
Welding and stuff, 31.12.2018), https://youtu.be/tbVkvuQX_hM

How To Get Pepper Out of the Shaker Faster - Lifehack - Trick - Ridges (youtube, ViralVideoLab,
29.12.2018), https://youtu.be/HJiU5K7x6Xg

A. Janda, D. Maza, A. Garcimartin, E. Kolb, J. Lanuza, and E. Clément. Unjamming a granular
hopper by vibration. Europhys. Lett. 87, 2, 24002 (2009), arXiv:0907.0114 [cond-mat.soft]
C. R. Wassgren, M. L. Hunt, P. J. Freese, J. Palamara, and C. E. Brennen. Effects of vertical
vibration on hopper flows of granular material. Phys. Fluids 14, 10, 3439-3448 (2002),
https://authors.library.caltech.edu/234/1/WEA168.pdf

M. L. Hunt, R. C. Weathers, A. T. Lee, C. E. Brennen, and C. R. Wassgren. Effects of horizontal
vibration on hopper flows of granular materials. Phys. Fluids 11, 1, 68-75 (1999)

Hopper Flows (brennen.caltech.edu),
http://brennen.caltech.edu/fluidbook/multiphase/Granularflows/hopperflows.pdf



Problem No. 16 “Nitinol engine”

Place a nitinol wire loop around two pulleys with their axes located at some distance
from each other. If one of the pulleys movable along string is immersed into hot water,
the wire tends to straighten, causing a rotation of the pulleys. Investigate the

properties of such an engine.



Background reading

The Metal That Remembers - Nitinol (youtube, Interesting Engineering, 06.08.2022),
https://youtu.be/0xT2du855mQ

Nitinol Engine Overview of the phenomenon (youtube, Sofia Noé, 20.01.2020),
https://www.youtube.com/shorts/VtTONPLeWBo

Nitinol: The Shape Memory Effect and Superelasticity (youtube, engineerguy, 25.10.2018),
https://youtu.be/wl-gAxKJoSU

Muskeldraht Motor - strong muscle wire engine - Bauanleitung - (youtube, Horst Wagner,
04.08.2017), https://youtu.be/NK1loQgRP3I

Cheap Nitinol Engine (youtube, Latheman's crazy machines, 09.04.2016),
https://youtu.be/g56ZmScZG1s

Very strong Nitinol Engine running on warm water and ice (youtube, Latheman's crazy
machines, 02.04.2016), https://youtu.be/sscoMtJVOuY

Nitinol Engine - The discovering of nitinol in 1958 - an exciting experiment (youtube, Horst
Wagner, 26.01.2016), https://youtu.be/DcowEG404GA

Nitinol Engine (youtube, Horst Wagner, 23.11.2015), https://youtu.be/uQI788EWSmME
Nitinol Engine (youtube, Horst Wagner, 22.11.2015), https://youtu.be/9hlax]kBsHw

Nitinol Engines - a relaunch 2015 (youtube, Horst Wagner, 30.11.2015),
https://youtu.be/uORayTUbeuA

Nitinol Engine (youtube, Horst Wagner, 30.11.2015), https://youtu.be/3MfT)VAtx6w
Nitinol Engine (youtube, Fort Wayne Metals, 20.10.2015), https://youtu.be/q_7eemjc4U



Background reading

Powerful Nitinol engine running on hot water (youtube, Latheman's crazy machines,
27.05.2015), https://youtu.be/YsOSqwrBb1l

Free Energy Nitinol Heat Machines invented in the early 1970 (youtube, OverUnityDOTcom,
19.03.2012), https://youtu.be/oKmYqUSDch8

Wikipedia: Nickel titanium, https://en.wikipedia.org/wiki/Nickel titanium

R. A. Abubakar, F. Wang, and L. Wang. A review on Nitinol shape memory alloy heat engines.
Smart Mater. Struct. 30, 1, 013001 (2021)

H. Yuan, J.-C. Fauroux, F. Chapelle, and X. Balandraud. A review of rotary actuators based on
shape memory alloys. J. Intell. Mater. Syst. Struct. 28, 14, 1863-1885 (2017)

D. Avirovik, R. A. Kishore, D. Vuckovic, and S. Priya. Miniature shape memory alloy heat engine
for powering wireless sensor nodes. Energy Harvest. Syst. 1, 1-2, 13-18 (2014)

l. G. Margvelashvili, M. D. Zviadadze, and L. A. Zamtaradze. The efficiency and power of the
martensite rotor heat engine. | (2012), arXiv:1206.3733 [physics.class-ph]

A. G. Mandzhavidze, V. A. Barnov, S. V. Sobolevskaya, and O. V. Margvelashvili. Shape-memory
materials as a working substance for martensitic rotary engines. Tech. Phys. 51, 663-665
(2006)

J.J. Zhu, N. G. Liang, K. M. Liew, and W. M. Huang. Energy conversion in shape memory alloy
heat engine Part I: Theory. J. Intell. Mater. Syst. Struct. 12, 2, 127-132 (2001)

J.J. Zhu, N. G. Liang, W. M. Huang, and K. M. Liew. Energy conversion in shape memory alloy
heat engine Part Il: Simulation. J. Intell. Mater. Syst. Struct. 12, 2, 133-140 (2001)

J. L. McNichols Jr. and J. S. Cory. Thermodynamics of nitinol. J. Appl. Phys. 61, 3, 972-984 (1987)



Background reading

P. G. McCormick. Shape memory effect heat engine performance. Appl. Energy 24, 3, 221-243
(1986)

A. A. Golestaneh. Efficiency of the solid-state engine made with Nitinol memory material. |.
Appl. Phys. 49, 3, 1241-1244 (1978)

W. J. Buehler and R. C. Willey. TiNi-ductile intermetallic compound. Trans. Amer. Soc. Met. 55,
1,269-276 (1962)

E. H. Schiller. Heat engine driven by shape memory alloys: Prototyping and design (M.Sc.
thesis, Virginia Polytechnic Inst. and State Univ., 2002),
https://openlab.citytech.cuny.edu/smaengine/files/2012/07/Heat-Engine-Driven-by-Shape-
Memory-Alloys.pdf

J. F. Wakjira. The VT1 Shape Memory Alloy Heat Engine Design (M.Sc. thesis, Virginia
Polytechnic Inst. and State Univ., 2001),
https://vtechworks.lib.vt.edu/bitstream/handle/10919/31196/ETD.pdf?
sequence=1&isAllowed=y

Nitinol Heat Engines (imagesco.com), https://www.imagesco.com/articles/nitinol/09.html
Nitinol Heat Engine (imagesco.com), https://www.imagesco.com/nitinol/files/heatengine2.pdf
Nitinol - Shape Memory Alloy: Introduction (imagesco.com),
https://www.imagesco.com/articles/nitinol/01.html



Problem No. 17 “Playing card”

A standard playing card can travel a very long distance provided that spin is imparted
as it is thrown. Investigate the parameters that affect the distance and the trajectory.



Background reading

I[YPT 2020 Problem 17 Playing Card Demonstration (youtube, Canadian Young Physicists’
Tournament, 22.12.2019), https://youtu.be/) xI5GiYm2w

This Week | Learned to Throw Cards (youtube, Mike Boyd, 24.08.2017),
https://youtu.be/ZwBi2uuA84A

Card Throwing Tutorial | Rick Smith Jr. (youtube, Rick Smith, Jr., 24.07.2017),
https://youtu.be/BIMIcGTLQNU

Card Throwing Trick Shots | Dude Perfect (youtube, Dude Perfect, 18.07.2017),
https://youtu.be/TvNTcB6c-V8

how to throw playing cards fast and far (youtube, Michael Wiseman, 08.12.2010),
https://youtu.be/nvo3gmDI18I

Rick Smith Jr. - Throwing Cards (youtube, mkarioka, 06.08.2010),
https://youtu.be/7gK16137k1s

Master of Business Card Throwing (youtube, nancyyoungkay, 31.03.2010),
https://youtu.be/FVqOHdiM-Ok

Wikipedia: Card throwing, https://en.wikipedia.org/wiki/Card throwing
Wikipedia: Angle of attack, https://en.wikipedia.org/wiki/Angle of attack

N. Kamaruddin, J. Potts, and W. Crowther. Aerodynamic performance of flying discs. Aircr. Eng.
Aerosp. Technol. 90, 2, 390-397 (2018)

Y. Kubota and O. Mochizuki. Numerical investigation of aerodynamic characteristics by a
rotating thin plate. World J. Mech. 5, 3, 42-47 (2015)



Background reading

D. M. Hargreaves, B. Kakimpa, and J. S. Owen. The computational fluid dynamics modelling of
the autorotation of square, flat plates. J. Fluids Struct. 46, 111-133 (2014)

S. Michelin and S. G. Llewellyn Smith. Falling cards and flapping flags: understanding fluid-
solid interactions using an unsteady point vortex model. Theor. Comput. Fluid Dyn. 24, 1-4,
195-200 (2010)

C. Eloy, R. Lagrange, C. Soutilliez, and L. Schouveiler. Aeroelastic instability of cantilevered
flexible plates in uniform flow. J. Fluid Mech. 611, 97-106 (2008)

M. A. Jones and M. J. Shelley. Falling cards. J. Fluid Mech. 540, 393-425 (2005)

A. Andersen, U. Pesavento, and Z. . Wang. Analysis of transitions between fluttering, tumbling
and steady descent of falling cards. J. Fluid Mech. 541, 91-104 (2005)

R. Cross. Physics of overarm throwing. Am. J. Phys. 72, 3, 305-312 (2004)

U. Pesavento and Z. ). Wang. Falling paper: Navier-Stokes solutions, model of fluid forces, and
center of mass elevation. Phys. Rev. Lett. 93, 14, 144501 (2004)

L. Mahadevan, W. S. Ryu, and A. D. T. Samuel. Tumbling cards. Phys. Fluids 11, 1, 1-3 (1999)

A. Belmonte, H. Eisenberg, and E. Moses. From flutter to tumble: Inertial drag and Froude
similarity in falling paper. Phys. Rev. Lett. 81, 2, 345-348 (1998)

S. B. Field, M. Klaus, M. G. Moore, and F. Nori. Chaotic dynamics of falling disks. Nature 388,
252-254 (1997)

L. Mahadevan. Tumbling of a falling card. C. R. Acad. Sci. Paris Ilb, 323, 729-736 (1996)
Y. Tanabe and K. Kaneko. Behavior of a falling paper. Phys. Rev. Lett. 73, 10, 1372-1375 (1994)



Background reading

W. W. Willmarth, N. E. Hawk, and R. L. Harvey. Steady and unsteady motions and wakes of
freely falling disks. Phys. Fluids 7, 2, 197-208 (1964)

N. M. Kamaruddin. Dynamics and performance of flying discs (PhD thesis, Univ. of Manchester,
2011), https://www.escholar.manchester.ac.uk/api/datastream?publicationPid=uk-ac-man-
scw:132975&datastreamld=FULL-TEXT.PDF

U. Pesavento. Unsteady aerodynamics of falling plates (PhD thesis, Cornell Univ., 2006),
https://fecommons.cornell.edu/items/06483654-e7b8-4900-8922-42bc3b6c7bfa

Y. Yamakawa, K. Kuno, and M. Ishikawa. Throwing and shooting manipulations of playing cards
using a high-speed multifingered hand and a vision system. Proc. 2014 IEEE-RAS International
Conference on Humanoid Robots (Madrid, 18-20 November 2014), pp. 92-98

A. C. Bustamante. Free-fall rotation and aerodynamic motion of rectangular plates (Sandia
Laboratories, 1968), https://apps.dtic.mil/sti/tr/pdf/ADA395124.pdf

Strange turn of a rotating playing card when | throw it (JakubKivi, physicsforums.com, Feb 23,
2020), https://www.physicsforums.com/threads/strange-turn-of-a-rotating-playing-card-when-i-
throw-it.984704/

Physics of card throwing (jfrachioni, aplusphysics.com, June 10, 2013),
https://aplusphysics.com/community/index.php?/blogs/entry/1205-physics-of-card-throwing/
Aerodynamics: Mathematically Modeling the Flight of an Object (spartan711,

physicsforums.com, Sep 1, 2007), https://www.physicsforums.com/threads/aerodynamics-
mathematically-modeling-the-flight-of-an-object.182550/



Background reading

=  Anthony Scodary. The Aerodynamics and Stability of Flying Discs (large.stanford.edu, October
30, 2007), http://large.stanford.edu/courses/2007/ph210/scodaryl/

=  Card throwing (insane_alien, scienceforums.net, November 23, 2006),
https://www.scienceforums.net/topic/21827-card-throwing/

=  Rotational physics of a playing card (physics.stackexchange.com, Dec 18, 2016),
https://physics.stackexchange.com/questions/299423/rotational-physics-of-a-playing-card

=  Card Throwing Machines (Jonathan Santos, jonathansantos.com),
http://jonathansantos.com/card-throwing-machines




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,

0 look deeper,

0 have a better background knowledge,

0 be skeptical in embedding their projects into the standards of professional research,
0 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
= There is no “correct answer” to any of the IYPT problems

= Having a deep background knowledge about earlier work is a must

= Taking ideas without citing is a serious misconduct

= Critically distinguishing between personal contribution and common knowledge is likely
to be appreciated

= Reading more in a non-native language may be very helpful

= Local libraries and institutions can always help in getting access to paid articles in
journals, books, and databases

= The IYPT is not about reinventing the wheel, or innovating, creating, discovering, and
being able to contrast own work with earlier knowledge and the achievements of
others?

= |s IYPT all about competing, or about developing professional personal standards?




Requirements for a successful [YPT report

Novel research, not a survey or a compilation of known facts
Balance between experimental investigation and theoretical analysis

Comprehensible, logical and interesting presentation, not a detailed description of
everything-you-have-performed-and-thought-about

Clear understanding of the validity of your experiments, and how exactly you analyzed
the obtained data

Clear understanding of what physical model is used, and why it is considered appropriate
Clear understanding of what your theory relies upon, and in what limits it may be applied
Comparison of your theory with your experiments

Clear conclusions and clear answers to the raised questions, especially those in the task
Clear understanding of what is your novel contribution, in comparison to previous studies
Solid knowledge of relevant physics

Proofread nice-looking slides

An unexpected trick, such as a demonstration in situ, will always be a plus



Feynman: to be self-confident?

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

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

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






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 2020, or plan bringing together the Kit for
2021, good editions may be completed earlier

It would be of benefit for everybody,

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

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

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

2 the IYPT, as a community and a center of competence, that generates vibrant, state-of-
the-art research problems, widely used in other activities and at other events

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



Enhanced edition // December 25, 2023 Q

Preparation to 33rd IYPT' 2020:

references, questions and advices

Photos by Alexey Cheremisin used

on the cover with kind permission llya Martchenko '* and Nikita Chernikov 2

1 Foundation for Youth Tournaments
2Novosibirsk State University

July 14, 2019...December 25, 2023

* http://kit.ilyam.org
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