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Problem 1: Invent Yourself 
Design an instrument for measuring current using its heating effect. What are the accuracy, 
precision, and limits of the method? 
 

● Heating Effects of Electric Current and Its Applications by toppr 
https://www.toppr.com/guides/physics/electricity/heating-effects-of-electric-current-and-its-applications/ 

● Conductor Temperature Rise Due to Current Changes in Conductors by The Institute for Interconnecting and 
Packaging Electronic Circuits https://www.ipc.org/TM/2.5.4.1a.pdf 

● Temperature Dependence of Resistivity by toppr 
https://www.toppr.com/guides/physics/current-electricity/temperature-dependence-resistivity/ 

● Heating Effect of Current | Joule’s Law of Electric Heating by Electronics Tutorials 
https://electronicspani.com/heating-effect-of-current-joules-law-of-electric-heating/  

● Electrical Equivalent of Heat (Power Amplifier, Temperature Sensor) 
● https://www.unr.edu/Documents/science/physics/labs/181/11_Electrical_Equivalent_of_Heat.pdf 
● Ikeda Yoshiro, Yoneta katsuhiko. Temperature rise of a conductor due to the electric current. 1931 Hokkaido 

Imperial University Memoirs of the Faculty of Engineering, Hokkaido Imperial University, Volume 2, 107-145. 
http://hdl.handle.net/2115/37682  

● Temperature Coefficient of Resistance Chapter 12 – Physics Of Conductors And Insulators by All About Circuits. 
https://www.allaboutcircuits.com/textbook/direct-current/chpt-12/temperature-coefficient-resistance/ 

● Heating Effects of an Electric Current by Peda.net 
https://peda.net/kenya/ass/subjects2/physics/form-32/heoaec 

● Osman Kahvecia, Emin Çadirlib, Mehmet Arıa, Hicran Tecerc, Mehmet Gündüza. Measurement and Prediction of 
the Thermal and Electrical Conductivity of Al-Zr Overhead Line Conductors at Elevated Temperatures. Mat. Res. 
vol.22 no.1 São Carlos  2019 Epub Dec 06, 2019 http://dx.doi.org/10.1590/1980-5373-mr-2018-0513 
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1516-14392019000100226  

● REIF-ACHERMAN, Simón. Studies on the temperature dependence of electric conductivity for metals in the 
Nineteenth Century: a neglected chapter in the history of superconductivity. Rev. Bras. Ensino Fís. [online]. 
2011, vol.33, n.4, pp.4602-4302. ISSN 1806-1117.  http://dx.doi.org/10.1590/S1806-11172011000400020 
http://www.scielo.br/scielo.php?pid=S1806-11172011000400020&script=sci_abstract 

● Balakrishnan, Vivekananthan & Dinh, Toan & Phan, Hoang-Phuong & Dao, Dzung Viet & Nguyen, Nam-Trung. 
(2017). A Generalized Analytical Model for Joule Heating of Segmented Wires. Journal of Heat Transfer. 140. 
10.1115/1.4038829. 
https://www.researchgate.net/publication/322106952_A_Generalized_Analytical_Model_for_Joule_Heating_of_S
egmented_Wires  

https://www.unr.edu/Documents/science/physics/labs/181/11_Electrical_Equivalent_of_Heat.pdf


● Thangaraju, Savithry & Munisamy, Kannan. (2015). Electrical and Joule heating relationship investigation using 
Finite Element Method. IOP Conference Series: Materials Science and Engineering. 88. 012036. 
10.1088/1757-899X/88/1/012036. 
https://www.researchgate.net/publication/282190132_Electrical_and_Joule_heating_relationship_investigation
_using_Finite_Element_Method 

● Athanasopoulos, N., Sikoutris, D., Panidis, T., & Kostopoulos, V. (2012). Numerical investigation and 
experimental verification of the Joule heating effect of polyacrylonitrile-based carbon fiber tows under high 
vacuum conditions. Journal of Composite Materials, 46(18), 2153–2165. 
https://doi.org/10.1177/0021998311430159 
https://journals.sagepub.com/doi/abs/10.1177/0021998311430159?journalCode=jcma#articleCitationDownl
oadContainer 

 

Problem 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. 
 

● How to Blow out a Candle behind a Bottle | Kids Science (YouTube, TheDadLab, Nov 15, 2018), 

https://youtu.be/fxIrwaOzWWo 

● 5 weird ways to put out a candle (YouTube, Physics Girl, Feb 9, 2016),https://youtu.be/WainnKKtGZI?t=61 

● How to Blow Out a Candle with a Bottle in the Way – Mr. Wizard’s Everyday Magic (YouTube, MrWizardStudios, 

Jan 8, 2014),https://youtu.be/0-Gb1q-g_to 

● Blowing Around Corners | Science Experiment for Kids !! (YouTube, HooplaKidzLab, Oct 31, 2014), 

https://youtu.be/BXe79eO5Ch8 

● Blowing Out a Candle Behind a Cylinder (YouTube, JSME FED, Feb 1, 2018),https://youtu.be/JB9BG2KmUzI 

● Wikipedia: Coandă effect, https://en.wikipedia.org/wiki/Coand%C4%83_effect 

● Blowing out candles around corners by The Naked Scientists, 

https://www.thenakedscientists.com/get-naked/experiments/blowing-out-candles-around-corners 

● Blowing Out a Candle Behind a Cylinder by JSME FED 

● http://www.jsme-fed.org/experiment-e/2014_2/001.html 

● http://www.jsme-fed.org/experiment-e/2014_2/002.html 

● http://www.jsme-fed.org/experiment-e/2014_6/003.html 

● Turbulence http://labman.phys.utk.edu/phys221core/modules/m8/turbulence.html 

● Trancossi, Michele & Dumas, Antonio & Vucinic, Dean. (2013). Mathematical Modeling of Coanda Effect. SAE 

Technical Papers. 7. 

10.4271/2013-01-2195.https://www.researchgate.net/publication/289830815_Mathematical_Modeling_of_Co

anda_Effect 

● RASHID A. AHMAD (1996) Steady-State Numerical Solution of the Navier-Stokes and Energy Equations around a 

Horizontal Cylinder at Moderate Reynolds Numbers from 100 to 500, Heat Transfer Engineering, 17:1, 31-81, 

DOI: 10.1080/01457639608939866 https://www.tandfonline.com/doi/abs/10.1080/01457639608939866 

● Chakraborty, Jyoti & Verma, Nishith & Chhabra, Raj. (2004). Wall Effects in Flow Past a Circular Cylinder in a 

Plane Channel: A Numerical Study. Chemical Engineering and Processing: Process Intensification. 43. 

1529-1537. 

10.1016/j.cep.2004.02.004.https://www.researchgate.net/publication/222212018_Wall_Effects_in_Flow_Past_a

_Circular_Cylinder_in_a_Plane_Channel_A_Numerical_Study 

● Coutanceau, M., & Bouard, R. (1977). Experimental determination of the main features of the viscous flow in the 

wake of a circular cylinder in uniform translation. Part 1. Steady flow. Journal of Fluid Mechanics, 79(2), 

231-256. doi:10.1017/S0022112077000135 

https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/article/experimental-determination-of-

the-main-features-of-the-viscous-flow-in-the-wake-of-a-circular-cylinder-in-uniform-translation-part-1-steady-

flow/4283F41DAA4DF8E156788FB12879281E 

https://youtu.be/JB9BG2KmUzI
http://labman.phys.utk.edu/phys221core/modules/m8/turbulence.html


● Coutanceau, M., and Defaye, J. (June 1, 1991). “Circular Cylinder Wake Configurations: A Flow Visualization 

Survey.” ASME. Appl. Mech. Rev. June 1991; 44(6): 255–305. doi: 

https://doi.org/10.1115/1.3119504https://asmedigitalcollection.asme.org/appliedmechanicsreviews/article-a

bstract/44/6/255/401105/Circular-Cylinder-Wake-Configurations-A-Flow?redirectedFrom=fulltext 

● Dennis, S. & Young, P. Journal of Engineering Mathematics (2003) 47: 

101.https://doi.org/10.1023/A:1025872419183 https://link.springer.com/article/10.1023/A:1025872419183 

● Dennis, S., & Chang, G. (1970). Numerical solutions for steady flow past a circular cylinder at Reynolds numbers 

up to 100. Journal of Fluid Mechanics, 42(3), 471-489. doi:10.1017/S0022112070001428 

https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/article/numerical-solutions-for-steady-

flow-past-a-circular-cylinder-at-reynolds-numbers-up-to-100/69D6E13325058D857EFE9A2F0BB967A2 

● Dennis, S. C. and Hudson, J. D. (1995), An h4 accurate vorticity-velocity formulation for calculating flow past a 

cylinder. Int. J. Numer. Meth. Fluids, 21: 489-497. doi:10.1002/fld.1650210604 

https://onlinelibrary.wiley.com/doi/abs/10.1002/fld.1650210604 

● Dennis, S.C.R., Hudson, J.D. and Smith, N. (1968) Steady Laminar Forced Convection from a Circular Cylinder at 

Low Reynolds Numbers. Physics of Fluids, 11, 933-940. 

https://doi.org/10.1063/1.1692061http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/Referenc

esPapers.aspx?ReferenceID=2099605 

● Fornberg, B. (1980) A Numerical Study of Steady Viscous Flow Past a Circular Cylinder. Journal of Fluid 

Mechanics, 98, 819-855. 

https://doi.org/10.1017/S0022112080000419http://www.scirp.org/(S(lz5mqp453edsnp55rrgjct55))/referen

ce/ReferencesPapers.aspx?ReferenceID=2099591 

● Bengt Fornberg, Steady viscous flow past a circular cylinder up to reynolds number 600, Journal of 

Computational Physics, Volume 61, Issue 2, 1985, Pages 297-320,ISSN 0021-9991, 

https://doi.org/10.1016/0021-9991(85)90089-0. 

http://www.sciencedirect.com/science/article/pii/0021999185900890  

● H. Ding, C. Shu, K.S. Yeo, D. Xu, Simulation of incompressible viscous flows past a circular cylinder by hybrid FD 

scheme and meshless least square-based finite difference method, Computer Methods in Applied Mechanics and 

Engineering, Volume 193, Issues 9–11, 2004, Pages 727-744, ISSN 

0045-7825,https://doi.org/10.1016/j.cma.2003.11.002. 

http://www.sciencedirect.com/science/article/pii/S0045782503005838  

● E. Hamielec, A & Raal, J. (1969). Numerical Studies of Viscous Flow around Circular Cylinders. Physics of Fluids. 

12. 

10.1063/1.1692253.https://www.researchgate.net/publication/253965749_Numerical_Studies_of_Viscous_Flo

w_around_Circular_Cylinders 

● Mitutosi Kawaguti, Padam Jain. Numerical Study of a Viscous Fluid Flow past a Circular Cylinder, Journal of the 

Physical Society of Japan, 21, 2055-2062 (1966) 

10.1143/JPSJ.21.2055https://journals.jps.jp/doi/abs/10.1143/JPSJ.21.2055 

● [German] Sucker, D. & Brauer, H. Wärme- und Stoffübertragung (1975) 8: 

149.https://doi.org/10.1007/BF01681556 https://link.springer.com/article/10.1007/BF01681556 

●  Takami, H. and Keller, H. B., 1969, Steady two-dimensional viscous flow of an incompressible fluid past a 

circular cylinder, High-Speed Computing in Fluid Dynamics The Phys. Fluids Supplement II, 12: 51-56. 

https://aip.scitation.org/doi/abs/10.1063/1.1692469 

● Isaev S. A., Leontiev A. I., Kudryavtsev N. A., Baranova T. A., Lysenko D. A. (2005). Numerical Simulation of 

Unsteady-State Heat Transfer under Conditions of Laminar Transverse Flow past a Circular Cylinder, High 

Temperature. Vol. 43, No. 5, pp. 746–759 https://link.springer.com/article/10.1007/s10740-005-0119-z 

● Isaev S.A., Baranov P.A., Kudryavtsev N.A., Lysenko D.A., Usachov A.E. (2005). Comparative analysis of the 

calculation data on an unsteady flow around a circular cylinder obtained using the VP2/3 and Fluent packages 

and the Spalart-Allmaras and Menter turbulence models // J. Engineering Physics and Thermophysics. Vol.78. 

No.6. pp. 

1199-2013.https://www.researchgate.net/publication/226651239_Comparative_analysis_of_the_calculation_da



ta_on_an_unsteady_flow_around_a_circular_cylinder_obtained_using_the_VP23_and_fluent_packages_and_the_Sp

alart-Allmaras_and_Menter_turbulence_models 

● Norberg, C. (2003). Fluctuating lift on a circular cylinder: Review and new measurements, Journal of Fluids and 

Structures 17 (1), pp. 57-96 

29https://www.researchgate.net/publication/222360724_Fluctuating_Lift_on_a_Circular_Cylinder_Review_and

_New_Measurements 

● Norberg, C. (2001). Flow around a circular cylinder: Aspects of fluctuating lift, Journal of Fluids and Structures 

15 (3-4), pp. 459-469 https://www.sciencedirect.com/science/article/pii/S0889974600903670 

● Norberg, C. (1994). An experimental investigation of the flow around a circular cylinder: Influence of aspect 

ratio. Journal of Fluid Mechanics, 258, 287-316. 

doi:10.1017/S0022112094003332https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/artic

le/an-experimental-investigation-of-the-flow-around-a-circular-cylinder-influence-of-aspect-ratio/5F671F891A

F3173FC375F35F3907434F  

● Norberg, C., Sunden, B. J. (1987). Turbulence and Reynolds number effects on the flow and fluid forces on a 

single cylinder in cross flow, FLUIDS & STRUCT. 1 (3 , Jul. 1987), pp. 337-357 

9https://www.sciencedirect.com/science/article/pii/0889974687902647 

● C. Norberg, Interaction between freestream turbulence and vortex shedding for a single tube in cross-flow, 

Journal of Wind Engineering and Industrial Aerodynamics, Volume 23, 1986, Pages 501-514, ISSN 0167-6105, 

https://doi.org/10.1016/0167-6105(86)90066-8. 

http://www.sciencedirect.com/science/article/pii/0167610586900668 

 

Problem 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. 
 

● Sound Hose – Whirly Tube (YouTube, Sick Science!, Mar 2, 2009), https://youtu.be/CuGnsW0ysrA 

● Twirling sound hose experiment (Sound tubes create low air pressure) (YouTube, Kids Fun Science, May 25, 

2017), https://youtu.be/u6uEqszlaZM 

● Corrugated sound tube (Youtube, GetAClass – Физика в опытах и экспериментах, 

Oct. 24, 2019) https://www.youtube.com/watch?v=_q6aPYaHBsA 

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

● Frank S. Crawford. Singing Corrugated Pipes. American Journal of Physics 42, 278 

(1974);https://doi.org/10.1119/1.1987673.http://www.physics.umd.edu/deptinfo/facilities/lecdem/services/

refs/refsh/Crawford-SingingPipes.pdf 

● Y. Nakamura, N. Fukamachi, Sound generation in corrugated tubes, Fluid Dynamics Research, Volume 7, Issues 

5–6, 1991, Pages 255-261, ISSN 0169-5983, 

https://doi.org/10.1016/0169-5983(91)90018-E.http://www.sciencedirect.com/science/article/pii/0169598

39190018E  

● Serafin, Stefania & Kojs, Juraj. (0002). The voice of the dragon: a physical model of a rotating corrugated 

tube.https://www.researchgate.net/publication/228962554_The_voice_of_the_dragon_a_physical_model_of_a_r

otating_corrugated_tube  

● A Simple Experiment to Explore Standing Waves in a Flexible Corrugated Sound Tube, Maria Eva Amorim, 

Teresa Delmira Sousa, and P. Simeao Carvalho, The Physics Teacher, Vol. 49, September 

2011https://aapt.scitation.org/doi/10.1119/1.3628265  

● Measurements on tones generated in a corrugated flow pipe with special attention to the influence of a low 

frequency oscillation. Ulf R. Kristiansen, Pierre-Olivier Mattei, Cedric Pinhde, Muriel Amielh. ISBN 

978-82-8123-004-0. https://arxiv.org/abs/1011.6150 

http://www.sciencedirect.com/science/article/pii/0167610586900668
https://www.youtube.com/watch?v=_q6aPYaHBsA


● Cadwell, L. H. (1994). Singing corrugated pipes revisited. American Journal of Physics, 62(3), 224–227. doi: 

10.1119/1.17600 https://aapt.scitation.org/doi/10.1119/1.17600 

● Kristiansen, Ulf & A Wiik, Geir. (2007). Experiments on sound generation in corrugated pipes with flow. The 

Journal of the Acoustical Society of America. 121. 1337-44. 

10.1121/1.2434241.https://asa.scitation.org/doi/10.1121/1.2434241 

● Cadwell, L. H. (1994). Singing corrugated pipes: Using video cameras to measure air flow. The Physics Teacher, 

32(1), 42–43. doi: 10.1119/1.2343896 https://aapt.scitation.org/doi/10.1119/1.2343896  

● Y. Nakamura, N. Fukamachi, Sound generation in corrugated tubes, Fluid Dynamics Research, Volume 7, Issues 

5–6, 1991, Pages 255-261, ISSN 0169-5983, 

https://doi.org/10.1016/0169-5983(91)90018-E.http://www.sciencedirect.com/science/article/pii/0169598

39190018E 

● Serafin, Stefania & Kojs, Juraj. (0002). The voice of the dragon: a physical model of a rotating corrugated 

tube.https://www.researchgate.net/publication/228962554_The_voice_of_the_dragon_a_physical_model_of_a_r

otating_corrugated_tube 

 
Problem 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. 
 

● How anti-theft tags work – magnetostriction, (YouTube, Applied Science, Nov 30, 2015), 

https://youtu.be/KAm7qAKAXwI 

● Magnetostriction effect: production of ultrasonic sound, (YouTube, Cybo Socks, Feb 25, 2018), 

https://youtu.be/qwSjq-keP3U 

● Magnetostriction, (YouTube, GetAClass – Физика в опытах и экспериментах, Feb. 

7, 2019), https://www.youtube.com/watch?v=qAvs6B4Ej1I 

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

● Matthew Jones. Physics 42200 Waves & Oscillations Lecture 15 – French, Chapter 6 (2013), 

https://www.physics.purdue.edu/~jones105/phys42200_Spring2013/notes/Phys42200_Lecture15.pdf 

● Wikipedia: Resonance, https://en.wikipedia.org/wiki/Resonance 

● Wikipedia: Magnetostriction, https://en.wikipedia.org/wiki/Magnetostriction 

● Wikipedia: Electromagnetically excited acoustic noise and vibration, 

https://en.wikipedia.org/wiki/Electromagnetically_excited_acoustic_noise_and_vibration 

● Adam Bie ´nkowski, Roman Szewczyk. Magnetostrictive Properties of Mn0.70Zn0.24Fe2.06O4 Ferrite. Materials 

2018, 11(10), 1894; https://doi.org/10.3390/ma11101894. 

https://www.mdpi.com/1996-1944/11/10/1894/pdf/1 

● R. M. Bozorth, Elizabeth F. Tilden, and Albert J. Williams. Anisotropy and Magnetostriction of Some Ferrites. 

Phys. Rev. 99, 1788 – Published 15 September 1955. https://doi.org/10.1103/PhysRev.99.1788. 

https://journals.aps.org/pr/abstract/10.1103/PhysRev.99.1788 

● Chang-Hung Hsu, Yi-Mei Huang, Min-Fu Hsieh, Chao-Ming Fu, Shiva Adireddy, and Douglas B. Chrisey. 

Transformer sound level caused by core magnetostriction and winding stress displacement variation. AIP 

Advances 7, 056681 (2017); https://doi.org/10.1063/1.4978759. 

https://aip.scitation.org/doi/full/10.1063/1.4978759 

● Selim Yürekten, Yunus Sert, Miroslav Trnan, Enis Ceylan, The Parameters of Generated Sound Level of 

Transformer Cores, Procedia Engineering, Volume 202, 2017, Pages 273-279, ISSN 1877-7058, 

https://doi.org/10.1016/j.proeng.2017.09.714. 

http://www.sciencedirect.com/science/article/pii/S1877705817342534 

 

Problem 5: Sweet Mirage 

https://www.youtube.com/watch?v=qAvs6B4Ej1I


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. 
 

● Bending a laser beam. Experiment. (YouTube, Carlos Guirao, April 10, 2011), https://youtu.be/zTx7UoPXvr4 

● Bending of light – Laser Science Experiment, (YouTube, Taras Kul, Feb 24, 2016), 

https://youtu.be/c6HVWe9tMFA 

● Gradient Index Optics, (YouTube, University of Rochester, Sep 29, 2014), https://youtu.be/XQj97dva6ss 

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

● Rabi Ibrahim Rabady. Simplified Model for Light Propagation in Graded-Index-Medium. Optics and Photonics 

Journal, 2013, 3, 347-350 Published Online November 2013 (http://www.scirp.org/journal/opj) 

http://dx.doi.org/10.4236/opj.2013.37054. 

https://pdfs.semanticscholar.org/9f8f/e29d292732c8a7fb1aa82f0ce5df94822077.pdf 

● Robert G. Greenler, “Laboratory simulation of inferior and superior mirages,” J. Opt. Soc. Am. A 4, 589-590 

(1987) https://www.osapublishing.org/josaa/abstract.cfm?uri=josaa-4-3-589 

● Peter W. McCarthy, “Gradient-Index Materials, Design, and Metrology for Broadband Imaging 

Systems”https://urresearch.rochester.edu/fileDownloadForInstitutionalItem.action?itemId=29594&itemFileId

=152209 

● Pettigrew, J. D. (2003), The Min Min light and the Fata Morgana An optical account of a mysterious Australian 

phenomenon. Clinical and Experimental Optometry, 86: 109-120. 

doi:10.1111/j.1444-0938.2003.tb03069.xhttps://onlinelibrary.wiley.com/doi/abs/10.1111/j.1444-0938.2003.t

b03069.x 

● Barnard, A. J., & Ahlborn, B. (1975). Measurement of refractive index gradients by deflection of a laser beam. 

American Journal of Physics, 43(7), 573–574. doi: 

10.1119/1.9769https://aapt.scitation.org/doi/10.1119/1.9769 

● Shojiro Nemoto, “Measurement of the refractive index of liquid using laser beam displacement,” Appl. Opt. 31, 

6690-6694 (1992) https://www.osapublishing.org/ao/abstract.cfm?uri=ao-31-31-6690 

● [Russian] Light in an Optically Inhomogeneous Medium: Educational Studies Майер В. В. Свет в 

оптически неоднородной среде: учебные иссле- дования. 

— М.: ФИЗМАТЛИТ, 2007. — 232 с. — ISBN 978-5-9221-0712-9. (Page number 159 is part about “Fata 

Morgana” mirage) 

● [Russian] Mirage in unevenly heated water Мираж в неравномерно нагретой 

водеhttp://potential.org.ru/pub/Home/FullTextArticles/miraj.pdf 

● López-Arias, T., Calza, G., Gratton, L.M., & Oss, S. (2009). Mirages in a bottle. doi:10.1088/0031-9120/44/6/002. 

https://pdfs.semanticscholar.org/f969/a057de39650f41c710225ca3a4f27e7092cd.pdf 

● Schricker, A. (2001). Refractive Bending of Light due to Thermal Gradients in Air (No. ATL-MUON-2001-017). 

ATL-COM-MUON-2001-023. http://cds.cern.ch/record/684258/files/muon-2001-017.pdf 

 
Problem 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. 
 

● Water flow III – Saxon Bowls, http://seniorphysics.com/physics/eei.html 

● Lesson 8: Sinking Water Clock, (YouTube, Kimberly Blauvelt, Oct 11, 2014), https://youtu.be/eqqUo_flYkM 

● Aluminum Foil Timer- Intro To Sinking Water Clock, (YouTube, Kimberly Blauvelt, Oct 11, 2014), 

https://youtu.be/gsyMnuGZN9Q 

https://youtu.be/XQj97dva6ss
https://en.wikipedia.org/wiki/Mirage
https://youtu.be/gsyMnuGZN9Q


● What physics equation can be used to describe the saxon bowl experiment? 

https://physics.stackexchange.com/questions/416112/what-physics-equation-can-be-used-to-describe-the-sax

on-bowl-experiment 

● How is Bernoulli’s equation related to saxon bowls? 

https://www.physicsforums.com/threads/how-is-bernoullis-equation-related-to-saxon-bowls.862660/ 

● Saxon Bowl IYPT 2020 – analytical solution from ilinblog by Ivan Ilin http://ilinblog.ru/article.php?id_article=58 

● A Descriptive Catalogue of Indian Astronomical Instruments by Sreeramula Rajeswara Sarma (Page 

403)https://srsarma.in/catalogue/docs/A_Descriptive_Catalogue_of_Indian_Astronomical_%20Instruments_Ab

ridged_Version.pdf 

● Greer, Allan & Kincanon, Eric. (2000). An experiment with Saxon bowls. The Physics Teacher. 38. 112-112. 

10.1119/1.880442. https://www.researchgate.net/publication/239045627_An_experiment_with_Saxon_bowls 

 

Problem 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. 
 

● Astrojax Trick Tutorial: Vertical Orbit, (YouTube, Jim Marielli, Dec 5, 2013), https://youtu.be/VmGJiIHqn6E  

● Astrojax Orbital Ball Toy from ThinkGeek, (YouTube, ThinkGeek, Oct 8 2013), https://youtu.be/ofywdGdsNV8 

● How to Make an Amazing Physics Toy With 3 Balls & a String. 

https://www.instructables.com/id/How-To-Make-An-Amazing-Physics-Toy-With-3-Balls-A-/ 

● Toit, Philip du. “The Astrojax Pendulum and the N-Body Problem on the Sphere : A study in reduction , 

variational integration , and pattern evocation .” (2005). 

https://www.semanticscholar.org/paper/The-Astrojax-Pendulum-and-the-N-Body-Problem-on-the-Toit/533cf

17f06055a76a5ffb2001557712f4f8c3707  

● Marsden, J.E. & Scheurle, J. Z. angew. Lagrangian reduction and the double spherical pendulum. Math. Phys. 

(1993) 44: 17. https://doi.org/10.1007/BF0091435. 

https://link.springer.com/article/10.1007%2FBF00914351#citeas 

● Marsden, Jerrold E., Jürgen Scheurle and Jeffrey M. Wendlandt. “Visualization of orbits and pattern evocation for 

the double spherical pendulum.” (1996). 

https://www.semanticscholar.org/paper/Visualization-of-orbits-and-pattern-evocation-for-Marsden-Scheurle/

6a584942466b2304b98347deafaa336e701aaf3c  

● Karsai, A. Sz., Steven Harrington and Colin M. Campbell. The Astrojax Pendulum. 

(2014).https://www.semanticscholar.org/paper/The-Astrojax-Pendulum-Karsai-Harrington/1d65c87ac85170

ae87652acd02da036a1750d7f1  

● Daniel Dichter & Kate Maschan. Modeling and Simulation of Astrojax. December 16, 

2013http://testtestestes423432435645.weebly.com/uploads/2/4/4/5/24451800/astrojax_final_report.pdf 

 
Problem 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. 
 

● Self Healing Soap Films, (YouTube, byusplashlab, Oct 16, 2012), https://youtu.be/5ThEyeh6z7g 

● The Marangoni Effect, (YouTube, Vision Research, Oct 10, 2013), https://youtu.be/0h16Tyn2138 

https://youtu.be/ofywdGdsNV8
https://www.instructables.com/id/How-To-Make-An-Amazing-Physics-Toy-With-3-Balls-A-/
http://testtestestes423432435645.weebly.com/uploads/2/4/4/5/24451800/astrojax_final_report.pdf
https://youtu.be/0h16Tyn2138


● Self-healing reverse filter opens the door for many novel applications by Pennsylvania State 

University.https://phys.org/news/2018-08-self-healing-reverse-filter-door-applications.html 

● Surprising particle filters made from self-healing soap films Liquid membranes flip the script on filtration by 

Tien Nguyen. https://cen.acs.org/materials/coatings/Surprising-particle-filters-made-self/96/web/2018/09 

● The invincible soap bubble! by All Science Fair Projects 

http://www.all-science-fair-projects.com/project1242_150_2.html 

● Surface Tension and Adhesion by Khan Academy 

https://www.khanacademy.org/science/physics/fluids/fluid-dynamics/v/surface-tension-and-adhesion 

● Surface Tension by Georgia Institute of Technology 

http://www.cns.gatech.edu/~predrag/courses/PHYS-4421-13/Lautrup/surface.pdf 

● 7.4 Liquids and Their Interfaces by 

LibreTextshttps://batch.libretexts.org/print/url=https://chem.libretexts.org/Bookshelves/General_Chemistry/

Book%3A_Chem1_(Lower)/07%3A_Solids_and_Liquids/7.04%3A_Liquids_and_their_Interfaces.pdf 

● Fundamentals of Surface Tension/Wettability by Massechusetes Institute of Technology Non-Newtonian Fluid 

Dynamics Resaerch Group http://web.mit.edu/nnf/education/wettability/index1.html 

● Birgitt Boschitsch Stogin, Luke Gockowski, Hannah Feldstein, Houston Claure, Jing Wang, Tak-Sing Wong. 

Free-standing liquid membranes as unusual particle separators. Science Advances  24 Aug 2018: Vol. 4, no. 8, 

eaat3276 DOI: 10.1126/sciadv.aat3276. https://advances.sciencemag.org/content/4/8/eaat3276 

● Y. D. Afanasyev, G. T. Andrews, and C. G. Deacon. Measuring soap bubble thickness with color matching. 

American Journal of Physics 79, 1079 (2011); 

https://doi.org/10.1119/1.3596431https://aapt.scitation.org/doi/10.1119/1.3596431 

● Sane, A., Mandre, S., & Kim, I. (2018). Surface tension of flowing soap films. Journal of Fluid Mechanics, 841, R2. 

doi:10.1017/jfm.2018.28 

https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/article/surface-tension-of-flowing-soap

-films/CEFBE8F1BFE8515D41A60D36B24F3BBE 

● Vella, Dominic. (2007). The fluid mechanics of floating and sinking. 

https://www.researchgate.net/publication/303383811_The_fluid_mechanics_of_floating_and_sinking 

● Zou, J. , Wang, W. , Ji, C. , & Pan, M. . (2017). Droplets passing through a soap film. Physics of Fluids, 29(6), 

062110. https://aip.scitation.org/doi/10.1063/1.4986798 

● Young, A. T. , & Eric, F. . (2017). Mirages at lake geneva: the fata morgana. Applied Optics, 56(19), G59-G68. 

https://doi.org/10.1364/AO.56.000G59 

 

 

Problem 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. 
 

● The Flight of the Humble Flea: Levitation and Inefficient Mixing in Magnetic Stirrers, (YouTube, APS Physics, Jan 

29, 2019), https://youtu.be/3ZJQaQazFqw  

● 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, 064502 – Published 8 August 2018. 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.064502  

 
Problem 10: Conducting Lines 
A line drawn with a pencil on paper can be electrically conducting. Investigate the 
characteristics of the conducting line. 

http://web.mit.edu/nnf/education/wettability/index1.html
https://doi.org/10.1364/AO.56.000G59


 
● Paper Circuit!, (YouTube, Household Hacker, Sep 21, 2011), https://youtu.be/BwKQ9Idq9FM  

● How To Make Electricity Conducting Paint at Home Using Pencil | DIY Graphite Paint, (YouTube, jeevan jee, Jun 

26, 2019), https://youtu.be/3u8y8zLKDdU  

● properties and characteristics of graphite. 

http://poco.com/Portals/0/Literature/Semiconductor/IND-109441-0115.pdf 

● S. Rattanaweeranon, P. Limsuwan, V. Thongpool, V. Piriyawong, P. Asanithi, Influence of Bulk Graphite Density 

on Electrical Conductivity, Procedia Engineering, Volume 32, 2012, Pages 1100-1106, ISSN 1877-7058, 

https://doi.org/10.1016/j.proeng.2012.02.061. 

http://www.sciencedirect.com/science/article/pii/S1877705812014853 

● N Deprez and D S McLachlan, The analysis of the electrical conductivity of graphite conductivity of graphite 

powders during compaction, Journal of Physics D: Applied Physics, Volume 21, Number 1, 

https://iopscience.iop.org/article/10.1088/0022-3727/21/1/015 

● Bernardo Marinho, Marcos Ghislandi, Evgeniy Tkalya, Cor E. Koning, Gijsbertus de With, Electrical conductivity 

of compacts of graphene, multi-wall carbon nanotubes, carbon black, and graphite powder, Powder Technology, 

Volume 221, 2012, Pages 351-358, ISSN 0032-5910, https://doi.org/10.1016/j.powtec.2012.01.024. 

http://www.sciencedirect.com/science/article/pii/S0032591012000277  

● Kurra, N., & Kulkarni, G.U. (2013). Pencil-on-paper: electronic devices. Lab on a chip, 13 15, 2866-73 . 

https://pubs.rsc.org/en/content/articlelanding/2013/lc/c3lc50406a#!divAbstract  

● Kurra, N. , Dutta, D. , & Kulkarni, G. U. . (2013). Field effect transistors and rc filters from pencil-trace on paper. 

Physical Chemistry Chemical Physics, 15(21), 8367. 

https://pubs.rsc.org/en/content/articlelanding/2013/cp/c3cp50675d#!divAbstract 

 

Problem 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 
 

● http://lesnevsky.ilyam.org/etc2/speckles-focus-far.avi 

● http://lesnevsky.ilyam.org/etc2/speckles-focus-near.avi  

● Francon, M. Laser Speckle and Applications in Optics. London: Academic Press, 1979. 

● Wikipedia: Speckle pattern, https://en.wikipedia.org/wiki/Speckle_pattern 

● Wikipedia: Diffuse reflection, https://en.wikipedia.org/wiki/Diffuse_reflection 

● Topics in Applied Physics  Volume 9 

● Duncan, D & Kirkpatrick, Sean. (2008). Algorithms for simulation of speckle (laser and 

otherwise).https://www.researchgate.net/publication/233783056_Algorithms_for_simulation_of_speckle_laser

_and_otherwise 

● A Hinsdale, Taylor. (2014). Laser Speckle Imaging: A Quantitative Tool for Flow 

Analysis.https://www.researchgate.net/publication/304217861_Laser_Speckle_Imaging_A_Quantitative_Tool_f

or_Flow_Analysis 

● A E Ennos, Laser speckle experiments for students, Physics Education, Volume 31, Number 3. 

https://iopscience.iop.org/article/10.1088/0031-9120/31/3/012/pdf 

 

Problem 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 

http://poco.com/Portals/0/Literature/Semiconductor/IND-109441-0115.pdf
https://pubs.rsc.org/en/content/articlelanding/2013/cp/c3cp50675d#!divAbstract


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

● Nitrogen swirl: creating rotating polygons in a boiling liquid, (YouTube, APS Physics, Jan 28, 2019), 

https://youtu.be/b6L0vKP1_m4  

● Top view, (YouTube, Kåre Hartvig Jensen, Dec 15, 2012), https://youtu.be/d3TMO0Um9-4  

● Side view, (YouTube, Kåre Hartvig Jensen, Dec 15, 2012), https://youtu.be/LKvegkYGvYM  

● Instability in action, (YouTube, Kåre Hartvig Jensen, Dec 15, 2012), https://youtu.be/8DnhBIsrlho  

● Thomas R. N. Jansson, Martin P. Haspang, Kåre H. Jensen, Pascal Hersen, and Tomas Bohr. Polygons on a Rotating 

Fluid Surface Phys. Rev. Lett. 96, 174502 – Published 3 May 2006; Erratum Phys. Rev. Lett. 98, 049901 (2007). 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.96.174502  

● Polygon formation and surface flow on a rotating fluid surface Bergmann, Raymond; Tophøj, Laust Emil Hjerrild; 

Homan, T. A. M.; Hersen, P.; Andersen, Anders Peter; Bohr, Tomas. Journal of Fluid Mechanics Link to article, 

DOI: 10.1017/jfm.2011.152. https://orbit.dtu.dk/files/6255108/54801d01.pdf 

● Georgios H. Vatistas. A classical flow instability and its connection to gaseous galactic disk hydrodynamics. 

https://arxiv.org/ftp/astro-ph/papers/0701/0701036.pdf 

● Bach, B., Linnartz, E., Vested, M., Andersen, A., & Bohr, T. (2014). From Newton’s bucket to rotating polygons: 

Experiments on surface instabilities in swirling flows. Journal of Fluid Mechanics, 759, 386-403. 

doi:10.1017/jfm.2014.568. 

https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/article/from-newtons-bucket-to-rotatin

g-polygons-experiments-on-surface-instabilities-in-swirling-flows/5A9348091C744CFD405D0119EEE690CD 

 

Problem 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. 
 

● The Friction Oscillator, (YouTube, Dan Russell, Aug 29, 2012), https://youtu.be/46lk2FXzwT8 

● Friction Oscillator, (YouTube, HayBilt_JLU, Dec 14, 2016), https://youtu.be/-Et_YyjLpCs  

● The Friction Oscillator, (YouTube, wolframmathematica, Dec 2, 2013), https://youtu.be/TSVcGDSNz9I 

● The Friction Oscillator by  Enrique Zeleny: http://demonstrations.wolfram.com/TheFrictionOscillator/ 

● SHM Oscillator (simulations in java) by Chiu-king Ng https://ngsir.netfirms.com/englishhtm/Oscillator.htm 

● Weaver W, Timoshenko SP, Young DH, Vibration Problems in Engineering. New York, NY, USA: John Wiley & 

Sons, 1990. https://archive.org/details/vibrationproblem031611mbp/page/n41 (pag 42, problem 06) 

● Robin Henaff, Gabriel Le Doudic, and Bertrand Pilette. A study of kinetic friction: The Timoshenko oscillator 

American Journal of Physics 86, 174 (2018); https://doi.org/10.1119/1.5008862. 

https://aapt.scitation.org/doi/citedby/10.1119/1.5008862 

● 【Russian】Определение периода колебаний: динамический и 

энергетический подходы http://kvant.mccme.ru/pdf/2011/04/Chern.pdf  

● Molinari, A., Estrin, Y., and Mercier, S. (January 1, 1999). “Dependence of the Coefficient of Friction on the Sliding 

Conditions in the High Velocity Range.” ASME. J. Tribol. January 1999; 121(1): 35–41. 

https://doi.org/10.1115/1.2833808 

● Gao, C., and Kuhlmann-Wilsdorf, D. (April 1, 1990). “On Stick-Slip and the Velocity Dependence of Friction at Low 

Speeds.” ASME. J. Tribol. April 1990; 112(2): 354–360. https://doi.org/10.1115/1.2920264 

● The Velocity and Temperature Dependence of Rubber Friction https://doi.org/10.1088/0370-1301/66/5/306 

● [Russian] Асламазов Л. , Почему звучит скрипка. 

https://kvant.ras.ru/1975/10/pochemu_zvuchit_skripka.htm 

 
Problem 14 Falling Tower 

https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/article/from-newtons-bucket-to-rotating-polygons-experiments-on-surface-instabilities-in-swirling-flows/5A9348091C744CFD405D0119EEE690CD
https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/article/from-newtons-bucket-to-rotating-polygons-experiments-on-surface-instabilities-in-swirling-flows/5A9348091C744CFD405D0119EEE690CD
https://youtu.be/TSVcGDSNz9I


Identical 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. 
 

● Tablecloth Trick – Cool Science Experiment, (YouTube, SpanglerScienceTV, Dec 16, 2011), 

https://youtu.be/PcGIUZzWoVc 

● Tablecloth Tricks! (Dear Ryan), (YouTube, nigahiga, Mar 29, 2019), https://youtu.be/_02ZvOmsYL8 (Check out 

05:42, although the rest of the video is very amusing) 

● Inertia Checkers Project, (YouTube, XxemoXxAnimeXx) https://youtu.be/s6O6m3A_ViM 

● How far can you overhang blocks? By Data Genetics http://datagenetics.com/blog/may32013/index.html  

● Solution: ‘Hanging Far Out Over the Edge’ by Quanta Magazine 

https://www.quantamagazine.org/the-overhang-puzzle-solution-20161202/ 

● Matthew South. A Real-Time Physics Simulator for Jenga™. 

http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.115.4110 

https://pdfs.semanticscholar.org/172d/760abd9311618c26d543946a041aad9a33f5.pdf 

● Mike Paterson, Uri Zwick. Overhang https://arxiv.org/pdf/0710.2357.pdf 

● F. Hall, John. (2005). Fun with Stacking Blocks. American Journal of Physics – AMER J PHYS. 73. 1107-1116. 

10.1119/1.2074007. https://www.researchgate.net/publication/241542359_Fun_with_Stacking_Blocks 

● Zwick, Uri. (2002). Jenga.. 243-246. 

10.1145/545381.545412.https://www.researchgate.net/publication/220780601_Jenga 

 

Problem 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. 
 

● Coniglio, Antonio & Fierro, Annalisa & Herrmann, H. & Nicodemi, Mario. (2004). Unifying Concepts in Granular 

Media and Glasses. 

● C. R. Wassgren. Effects of vertical vibration on hopper flows of granular material Physics of Fluids 14, 3439 

(2002); https://doi.org/10.1063/1.1503354. https://aip.scitation.org/doi/citedby/10.1063/1.1503354  

● A. Janda, D. Maza, A. Garcimart ´ın, E. Kolb, J. Lanuza and E. Cl´ement Unjamming a granular hopper by vibration 

https://arxiv.org/pdf/0907.0114.pdf  

● C. R. Wassgren. Effects of vertical vibration on hopper flows of granular material Physics of Fluids 14, 3439 

(2002); https://doi.org/10.1063/1.1503354. https://aip.scitation.org/doi/citedby/10.1063/1.1503354  

● A. Janda, D. Maza, A. Garcimart ´ın, E. Kolb, J. Lanuza and E. Cl´ement Unjamming a granular hopper by vibration 

https://arxiv.org/pdf/0907.0114.pdf  

● R.C. weathers’, M.L. ~unt’, C.E. ~rennen~, A.T. ~ee~ and C.R. wassgren Effects of Horizontal Vibration on 

Hopper Flows of Granular Materials. https://authors.library.caltech.edu/234/1/WEA168.pdf 

 
Problem 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 is immersed into hot water, the wire tends to straighten, 
causing a rotation of the pulleys. Investigate the properties of such an engine. 

https://youtu.be/s6O6m3A_ViM
https://www.quantamagazine.org/the-overhang-puzzle-solution-20161202/


● Cheap Nitinol Engine, (YouTube, Latheman’s crazy machines, Apr 8, 2016), 
https://youtu.be/g56ZmScZG1s  

● Powerful Nitinol engine running on hot water, (YouTube, Latheman’s crazy machines, May 27, 2015), 
https://youtu.be/YsOSqwrBb1I  

● Nitinol: The Shape Memory Effect and Superelasticity, (YouTube, engineerguy, Oct 25, 2018), 
https://youtu.be/wI-qAxKJoSU  

● Wikipedia: Nitinol. https://en.wikipedia.org/wiki/Nickel_titanium  
J. L. McNichols Jr. Thermodynamics of Nitinol Journal of Applied Physics 61, 972 (1987); 
https://doi.org/10.1063/1.33815. https://aip.scitation.org/doi/pdf/10.1063/1.338151?class=pdf  

●  Yuan, H., Fauroux, J., Chapelle, F., & Balandraud, X. (2017). A review of rotary actuators based on 
shape memory alloys. Journal of Intelligent Material Systems and Structures, 28(14), 1863–1885. 
https://doi.org/10.1177/1045389X16682848. 
https://journals.sagepub.com/doi/abs/10.1177/1045389X16682848?journalCode=jima#articleCita
tionDownloadContainer  

● A. A. Golestaneh, Efficiency of the solid-state engine made with Nitinol memory material, Journal of 
Applied Physics 49, 1241 (1978); https://doi.org/10.1063/1.325013 
https://aip.scitation.org/doi/abs/10.1063/1.325013?journalCode=jap 

 
Problem 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. 
 

● Card Throwing Tutorial | Rick Smith Jr., (YouTube, Rick Smith, Jr., Jul 24, 2017), https://youtu.be/BlMIcGTLQNU 

● how to throw playing cards fast and far, (YouTube, Michael Wiseman, Dec 8, 2010), 

https://youtu.be/nvo3qmDl18I  

● Rick Smith Jr. – Throwing Cards, (YouTube, mkarioka, Aug 6, 2010), https://youtu.be/7gK16137k1s  

● Aerodynamics: Mathematically Modeling the Flight of an 

Object.https://www.physicsforums.com/threads/aerodynamics-mathematically-modeling-the-flight-of-an-obje

ct.182550/ 

● CARD THROWING MACHINES by Jonathan Santos http://jonathansantos.com/card-throwing-machines 

● Card throwing machine [Lego] 

http://forums.stickpage.com/showthread.php?5858-Card-throwing-machine-Lego  

● The Aerodynamics and Stability of Flying Discs by Anthony 

Scodaryhttp://large.stanford.edu/courses/2007/ph210/scodary1/ 

● Y. Yamakawa, K. Kuno and M. Ishikawa, “Throwing and shooting manipulations of playing cards using a 

high-speed multifingered hand and a vision system,” 2014 IEEE-RAS International Conference on Humanoid 

Robots, Madrid, 2014, pp. 92-98. doi: 

10.1109/HUMANOIDS.2014.7041343.http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=7041343&is

number=7041308 

● Brunk, James. (2015). All About Aerodynamics From A Business Card. 

10.13140/RG.2.1.2169.9046.https://www.researchgate.net/publication/282026154_All_About_Aerodynamics_

From_A_Business_Card 

● Cross, Rod. (2004). Physics of overarm throwing. American Journal of Physics – AMER J PHYS. 72. 

10.1119/1.1634964. https://www.researchgate.net/publication/228563075_Physics_of_overarm_throwing 

● C. Bustamante, A. (1968). Free-Fall Rotation and Aerodynamic Motion of Rectangular Plates. 

74.https://www.researchgate.net/publication/235079583_Free-Fall_Rotation_and_Aerodynamic_Motion_of_Re

ctangular_Plates 



● Umberto Pesavento (2006) Unsteady aerodynamics of falling 

plates.https://ecommons.cornell.edu/handle/1813/2183 

● Kubota, Yoshihiro & Mochizuki, Osamu. (2015). Numerical Investigation of Aerodynamic Characteristics by a 

Rotating Thin Plate. World Journal of Mechanics. 05. 42-47. 

10.4236/wjm.2015.53005.https://www.researchgate.net/publication/276542532_Numerical_Investigation_of_

Aerodynamic_Characteristics_by_a_Rotating_Thin_Plate 

● ANDERSEN, A., PESAVENTO, U., & WANG, Z. (2005). Unsteady aerodynamics of fluttering and tumbling plates. 

Journal of Fluid Mechanics, 541, 65-90. 

doi:10.1017/S002211200500594Xhttps://www.cambridge.org/core/journals/journal-of-fluid-mechanics/artic

le/unsteady-aerodynamics-of-fluttering-and-tumbling-plates/1FC26E817B4D5B91714C9875F070CF8D 

● D.M. Hargreaves, B. Kakimpa, J.S. Owen, The computational fluid dynamics modelling of the autorotation of 

square, flat plates, Journal of Fluids and Structures, Volume 46, 2014, Pages 111-133, ISSN 

0889-9746,https://doi.org/10.1016/j.jfluidstructs.2013.12.006.http://www.sciencedirect.com/science/article/

pii/S0889974613002727  

● Vitor Fernando Rosa Caetano (2010). Calculation of the dynamic behavior of a falling plate or disk in a 

fluid.https://fenix.tecnico.ulisboa.pt/downloadFile/395142133553/resumo.pdf 

● JONES, M., & SHELLEY, M. (2005). Falling cards. Journal of Fluid Mechanics, 540, 393-425. 

doi:10.1017/S0022112005005859 

https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/article/falling-cards/53D74B0C816587

E437B4BF21071068B6 

● Kamaruddin, Noorfazreena & Potts, Jonny & Crowther, William. (2018). Aerodynamic performance of flying 

discs. Aircraft Engineering and Aerospace Technology. 90. 00-00. 10.1108/AEAT-09-2016-0143. 

https://www.escholar.manchester.ac.uk/api/datastream?publicationPid=uk-ac-man-scw:132975&datastreamI

d=FULL-TEXT.PDF  

 
 
 
 
 
 
 
 
 
 
 


