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1.1 Run or walk in the rain?
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.abc.net.au/science/k2/moments/gmis9749.htm An essay about running in the rain (the audio
control does not seem to work any more)
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http://www.bluebird-electric.net/spirit_of america_1.htm Discussion of the Spirit of American and its crash
at the end of the record-setting skid marks

http://www.bluebird-electric.net/bluebird_images/spirit_of america_crash.jpg Photo of the crash, nose down
in the salt water

http://jalopnik.com/cars/jet/ Jet powered cars, including a beetle!
http://www.ugofadini.com/omicron10story.html Discussion and photos of the Infinity jet car, including photo
after the crash
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Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
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¢ Holthusen, J. R., The Land Speed Record, Foulis Motoring Book, Haynes Publishing Co., 1986, pages 117-
124

1.10 Woodpeckers and big-horn sheep and concussion
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=ULRtdk-3Yh4&mode=related&search= National Geographic video:
bighorn sheep clashing horns (but there is also the mating aftermath)
http://www.dcwild.com/images/Backyard/Downy-Woodpecker%201.jpg
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models,” Palaeontologia Electronica, 7, No. 1, article 1 (June 2004) http://palaeo-electronica.org

eee Gibson, L. J., “Woodpecker pecking: how woodpeckers avoid brain injury,” Journal of Zoology, 270, 462-
465 (2006)

¢ Oda, J., J. Sakamoto, and K. Sakano, “Mechanical evaluation of the skeletal structure and tissue of the
woodpecker and its shock absorbing system,” JSME International Journal. Series A, Solid Mechanics and
Material Engineering, 49, No. 3, 390-396 (July 2006)

o Wygnanski-Jaffe, T., C. J. Murphy, C. Smith, M. Kubai, P. Christopherson, C. R. Ethier, and A. V. Levin,
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e Barnett, A., “Hey, big spender,” New Scientist, 165, No. 2231, 36-38 (25 March 2000), see box on page 39

1.11 Short Story: The game of g's
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=RUbe125ege0 The film that got the producer in deep trouble. Here is
information about the film: http://www.rendezvousdvd.com/
http://www.youtube.com/watch?v=9ZDqgzgvdits&mode=related&search= From 0 to 100 miles per hour and
back to 0 in 9.4 seconds

http://www.youtube.com/watch?v=JTiG2FsXQVk&mode=related&search= Rocket sled at Holloman Air
Force Base: 10430 km/h (real fast!)

http://www.youtube.com/watch?v=uyDuVCxA5qY &mode=related&search= Rocket sled runs (water
trough used as a brake)

http://www.autoproracing.com/AboutOurTeam.htm A constrast between an early dragster and a modern
one

http://www.musclecars.faketrix.com/car-crashes-auto-accidents-wrecks-picture-5.htm Funny car on fire
http://www.youtube.com/watch?v=j451KAvCUTQ&mode=related&search= Dragster undergoes flip over
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Book reference style: author, title, publisher, date, pages
o McWhirter, N., editor,, Guinness Book of World Records, Bantam Books, 1983, page 561
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e Gaines, M., "Who'd fly a superfighter?" New Scientist, 139, 28-32 (10 July 1993)
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e Harris, J., letter, "Nearly Kkilled," New Scientist, 139, 47 (14 August 1993)

1.12 Head-on car collision
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=RfaSOy30Zvc Video. Stark description of what happens to the driver
during a head-on collision when neither seatbelt or air bag are used.
http://www.youtube.com/watch?v=pR1NJtX9r-c&mode=related&search= Scenes from a head-on collision
and x ray images showing some of the consequences.

http://www.plan59.com/photos/photos068.htm photo
http://www.nctimes.com/articles/2005/12/28/news/californian/20_59 5412 27 05.txt photos and news
story
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mechanics,” Accident Analysis and Prevention, 26, No. 5, 609-616 (1994)
eee Smith, R., “The formula commonly used to calculate velocity change in vehicle collisions,” Proceedings
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1.13 Short Story: Playing with locomotives
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This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.
The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=0GJfNaM0804&NR=1 Head-on crash of trains, as seen from one of the
trains

http://buckcreek.tripod.com/traincrash.html story plus photos (click on the gallery button)
http://www.northernontariorailroadmuseum.ca/latest_photos.html another head-on train crash
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1.14 Rear-end collision and whiplash injury
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.addonheadrest.com/ a device to protect against whiplash injury
http://www.burtchiropractic.com/personalinjury.asp diagrams plus description
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1.15 Race-car turns
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=mRuZsowlIPb4 Turns with drifting
http://ps3media.ign.com/ps3/image/article/734/734195/formula-one-06-20060921090942649.jpg  Formula
ones in a tight turn

http://www.ae-photography.co.uk/gallery/Formula_One_Testing_Silverstone 250406 _AE_2500.jpg
http://www.youtube.com/watch?v=tScs-4SLZH8 Drifting turns
http://www.youtube.com/watch?v=Kjaxez90I1X8 Video camera inside the car during high-speed drifting
http://www.youtube.com/watch?v=Dbge-y9jMJg Lots of drifting
http://www.youtube.com/watch?v=2J4KdQQIzW4 Drifting truck (looks unstable as everything)
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1.16 Sprint tracks
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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1.17 Take-off illusion
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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http://www.ussyorktown.com/yorktown/21stcentury2.htm
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1.18 Short story: Air Canada Flight 143
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.airdisaster.com/photos/acal43/photo.shtml a photo of the airplane on the runway, with its nose
down on the tarmac. In the foreground we see some of the race cars that were using the tarmac as a race course

1.19 Fear and trembling at the amusement park
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

roller coaster

http://www.youtube.com/watch?v=xDqCvwb6e2k&mode=related&search= Video of the Maverick at Cedar
Point 2007. Animation. Shows the 90 degree drop, the corkscrews, the horizontal roll, and a lot more.
http://www.youtube.com/watch?v=qlQLKtOsduE&mode=related&search= Video of Cedar point 2005
http://www.youtube.com/watch?v=NKUHyQiZ7TI&mode=related&search= Video of coasters at Cedar
Point 2003

http://www.rcdb.com Data bank about roller coasters, current and under construction
http://www.coastergallery.com Thousands of coaster photos
http://www.learner.org/exhibits/parkphysics/coaster.html Amusement park physics. Allows you to design a
roller coaster.

http://www.ultimatecoaster.com Guide to thrill rides of all sorts
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www.ghettodriveby.com/itza/
fy.chalmers.se/LISEBERG/eng/loop pe.html
www.tiggerman.com/pics-rcoaster.htm
http://www.joyrides.com/cedar point/magnuml.htm
http://www.joyrides.com/cedar point/magnumz2.htm

rotor

http://www.ride-extravaganza.com/rides/rotor/rotor 01.jpg
http://www.ride-extravaganza.com/rides/rotor/rotor 11.jpg
http://www.ride-extravaganza.com/rides/rotor/rotor 12.jpg
http://www.ride-extravaganza.com/rides/rotor/

demon drop
http://www.youtube.com/watch?v=umm1Wi]ci7FU Video
http://www.youtube.com/watch?v=31Jigg3sH44 Video
http://www.joyrides.com/cedar _point/demon_dropl.htm Photo
http://www.joyrides.com/cedar_point/demon_drop2.htm Photo
swing ride
http://www.istockphoto.com/file_closeup/?id=456895&refnum=411821&Lang=en  Photo, showing the
outward deflection as each swing is dragged around in a circle

References

Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
¢ Stoll, A. M., "Human tolerance to positive g as determined by the physiological end points,” Journal of
Aviation Medicine, 27, 356-367 (1956)
eee Siegel, S., "More about variable mass systems,” American Journal of Physics, 40, 183-185 (1972)
e Cartmell, R., "The ultimate roller coaster,” New York Times, section 10, pages 1, 18, 19 (9 June 1974)
ee Roeder, J. L., "Physics and the amusement park," Physics Teacher, 13, 327-332 (1975)
eee Sanmartin, J. R., and M. A. Vallejo, "Widespread error in a standard problem in the dynamics of
deformable bodies,” American Journal of Physics, 46, 949-950 (1978)
e Scheer, M. S., and D. J. Carlin, “Stroke after roller coaster-induced carotid compression,” JAMA (Journal
of the American Medical Association), 242, No. 16, 1769 (19 October 1979)
e Munch, R., and G. Harry, Traver: Legends of Terror, Amusement Park Books, 1982
eee Prato, D., and R. J. Gleiser, "Another look at the uniform rope sliding over the edge of a smooth table,"
American Journal of Physics, 50, 536-539 (1982)
eee Gennarelli, T. A., and L. E. Thibault, “Biomechanics of acute subdural hematoma,” The Journal of
Trauma, 22, No. 8, 680-686 (1982)
e Sanmartin, J. R., and M. A. Vallejo, "Comment on 'Another look at the uniform rope sliding over the edge
of a smooth table'," American Journal of Physics, 51, 585 (1983)
o Walker, J., "Thinking about physics while scared to death (on a falling roller coaster)” in "The Amateur
Scientist,”" Scientific American, 249, 162-170 (October 1983); reprinted with added notes in J. Walker,
Roundabout: The Physics of Rotation in the Everyday World, Freeman, 1985, pages 1-7
¢ Natale, K., "Final exam in an amusement park," Physics Teacher, 23, 228 (April 1985)
¢ Redensek, J., "A short history of amusement parks," Exploratorium Quarterly, 11, no. 2, 2-7 (summer 1987)
e Honig, C., "The ups and downs of roller coaster design,” Exploratorium Quarterly, 11, no. 2, 8-11 (summer
1987)
¢ Rathjen, D. "Physics for the adventurous," Exploratorium Quarterly, 11, no. 2, 12-17 (summer 1987)
e Hacker, A., and S. Gordon, "Strong heart, weak stomach,” Exploratorium Quarterly, 11, no. 2, 24-27
(summer 1987)



Motion 17

ee Roeder, J., and J. Walker, "Fear and trembling at the amusement park,” Essay 2 in Fundamentals of Physics,
3" edition by D. Halliday and R. Resnick, John Wiley & Sons, 1988, pages E2-1 - E2-8

¢ Broad, W. J., "Upside down at 70 m.p.h.: the new physics of thrills,"” The New York Times, pages C1, C13
(2 August 1988)

e Lew, J. S., "Shape of a roller-coaster track," Problem 88-6, SIAM Review, 30, 308 (1988)

eee Flynn, L. E., “Shape of a roller-coaster track: Solution,” SIAM Review, 31, 320-324 (1989)

e Smith, M. T., "Mystery trains,” Money, 18, 54-61 (August 1989)

e Conniff, R., "Coasters used to be scary, now they're downright weird,” Smithsonian, 20, 82-93 (August
1989)

e Pringle, S. D. P. W. Macfarlane, S. M. Cobbe, “Response of heart rate to a roller coaster ride,” British
Medical Journal, 299, No. 6715, 1575 (23 December 1989)

ee Escobar, C., "Amusement park physics," Physics Teacher, 28, 446-453 (1990)

ee Speers, R. R., "Physics and roller coasters -- the Blue Streak at Cedar Point," American Journal of Physics,
59, 528-533 (1991)

¢ "50 and 100 years ago," Scientific American, 264, 12 (February 1991)

e Senegor, M., “Traumatic pericallosal aneurysm in a patient with no major trauma,” Journal of Neurosurgery,
75, No. 3, 475-477 (September 1991)

o Speers, R., "Perspectives on the world's tallest roller coaster,” Physics Teacher, 30, 216-217 (1992)

e Pearce, F., "Licensed to thrill,” New Scientist, 135, 23-24 (29 August 1992)

e Pearce, F., "Not all fun at the fair," New Scientist, 135, 25-29 (29 August 1992)

e Anderson, N., Ferris Wheels: An Illustrated History, Bowling Green State University Popular Press, 1992,
ISBN 0-87972-531-1 and 0-87972-532-X

ee Eisenkraft, A., and L. D. Kirkpatrick, "A topless roller coaster” in "Physics Contest,” Quantum, 3, 28-30
(November/December 1992); Quantum, 3, 30-31 (May/June 1993)

e Petroski, H., "The Ferris wheel," American Scientist, 81, No. 3, 216-221 (May-June 1993)

¢ Valenti, M., “100 years and still going around in circles, Mechanical Engineering, 115, No. 6, 70-76 (1993)
eee Kautz, R. L., and B. M. Huggard, “Chaos at the amusement park: dynamics of the Tilt-A-Whirl,”
American Journal of Physics, 62, No. 1, 59-66 (January 1994)

¢ Fernandes, C. M. B., and M. R. Daya, “A roller coaster headache: case report,” The Journal of Trauma, 37,
No. 6, 1007-1010 (1994)

¢ Silva, A. A., “Overcome inertia: go to an amusement park!” Physics Education, 29, 295-300 (1994)

e Andrews, R. M., R. W. D. Bell, D. G. R. Jayamanne, R. C. Bosanquet, and D. G. Cottrell, “’Roller-coaster
glaucoma’: an unusual complication of Marfan’s syndrome,” Eye, 8, Part 3, 358-360 (1994)

e Bo-Abbas, Y., and C. F. Bolton, “Roller-coaster headache,” New England Journal of Medicine, 232, No. 23,
1585 (8 June 1995)

o Valenti, M., “Designing the ultimate thrill machine,” Mechanical Engineering, 117, No. 8, 71-78 (August
1995)

¢ Blousse, V., H. Chabriat, P. Amarenco, and M.-G. Bousser, (letter) “Roller-coaster-induced vertebral artery
dissection,” Lancet, 346, No. 8977, 767 (16 September 1995)

e Schievink, W. I., M. J. Ebersold, and J. L. D. Atkinson, “Roller-coaster headache due to spinal cerebrospinal
fluid leak,” Lancet, 347, No. 9012, 1409 (18 May 1996)

¢ Ashley, S., "London wheel is going round,” Mechanical Engineering, 118, No. 7, 118 (July 1996)

e Holtzman, D. K., and R. I. Paul, “Roller coasters: let the rider beware,” Pediatric Emergency Care, 13, No.
3, 218-220 (1997)

e Snyder, R. W., S. T. Sridharan, and D. M. Pagnanelli, “Subdural hematoma following roller coaster ride
while anticoagulated,” The American Journal of Medicine, 102, 488-489 (May 1997)

o Kettaneh, A., V. Biousse, V. Bousson, and M. G. Bousser, “Roller-coaster syringomyelia,” Neurology, 51,
No. 2, 637-638 (August 1998)



Motion 18

e Beatty, S., K. Goodall, R. Radford, M. J. Lavin, “Decompensation of a congenital retinal macrovessel with
arteriovenous communications induced by repetitive rollercoaster rides,” American Journal of
Ophthalmology, 130, 527-528 (2000)

e Fukutake, T., S. Mine, I. Yamakami, A. Yamaura, and T. Hattori, “Roller coaster headache and subdural
hematoma,” Neurology 54, No. 1, 264 (11 January 2000)

¢ Burneo, J. G., R. Shatz, N. I. H. Papamitsakis, and P. D. Mitsias, “Amusement park stroke,” Neurology, 55,
No. 4, 564 (2000)

¢ Bogen, J. E., letter, “Roller caster headache and subdural hematoma,” and reply by T. Fukutake, Neurology,
55, No. 6, 903 (26 September 2000)

e McBeath, J. G., and A. Nanda, “Roller coaster migraine: an underreported injury?” Headache, 40, No. 9,
745-747 (October 2000)

e Nencini, P., A. M. Basile, C. Sarti, and D. Inzitari, “Cerebral hemorrhage following a roller coaster ride,
JAMA (Journal of the American Medical Association), 284, No. 7, 832-833 (16 August 2000)

e Beatty, S., K. Goodall, R. Radford, and M. J. Lavin, “Retinal macrovessel with arteriovenous
communications induced by repetitive rollercoaster rides,” American Journal of Ophthalmology, 130, No. 4,
527-528 (October 2000)

o Lascelles, K., D. Hewes, and V. Ganesan, “An unexpected consequence of a roller coaster ride,” Journal of
Neurosurgery and Psychiatry, 71, 704-705 (2001)

¢ Brooks, M., “View to a thrill,” New Scientist, 170, No. 2288, 33-35 (28 April 2001)

e Vanderbilt, T., “Think fast,” I. D. Magazine (Magazine of International Design), 48, No. 2, 52-57 (April
2001)

o Wiener, T., “Heads up, thrill-seekers. Can higher, faster, better coasters cause brain damage?” Discover, 22,
No. 6, 26-27 (June 2001)

e Braksiek, R. J., and D. J. Roberts, “Amusement park injuries and deaths,” Annals of Emergency Medicine,
39, No. 1, 65-72 (January 2002)

eee SMith, D. H., and D. F. Meaney, “Roller coasters, G forces, and brain trauma: on the wrong track?” Journal
of Neurotrauma, 19, No. 10, 1117-1120 (2002)

o Stahlfeld, K. R., and H. C. Roozrokh, “Traumatic bilateral ECCA injury in a roller coaster enthusiast, Annals
of Vascular Surgery, 16, 505-508 (2002)

e Larkin, M., “Are amusement park rides bad for the brain?” The Lancet Neurology, 1, 274 (September 2002)
¢ Byko, M., “Materials give roller coaster enthusiasts a reason to scream,” JOM Journal of the Minerals,
Metals & Materials Society, 54, No. 5, 16-20 (May 2002)

¢ Huang, P. P., “Roller coaster headaches revisited,” Surgical Neurology, 60, No. 5, 398-401 (2003)

ee Halliday, D., R. Resnick, and J. Walker, Fundamentals of Physics, John Wiley & Sons, 7" edition, 2005,
pages 127, 250-251

eee Pendrill, A-M., “Rollercoaster loop shapes,” Physics Education 40, No. 6, 517-521 (November 2005)

e Freeman, M. D., A. C. Croft, C. N. Nicodemus, C. J. Ceneno, and W. L. Elkins, “Signifcant spinal injury
resulting from low-level accelerations: a case series of roller coaster injuries,” Archives of Physical Medicine
and Rehabilitation, 86, 2126-2130 (November 2005)

o Pelletier, A. R., and J. Gilchrist, “Roller coaster related fatalities, United States, 1994-2004,” Injury
Prevention, 11, No. 5, 309-312 (October 2005)

¢ Roldan-Valadez, E., M. T. Facha, M. Martinez-Lopez, and P. Herrera-Mora, “Subdural hematoma in a
teenager related to roller-coaster ride,” European Journal of Paediatric Neurology, 10, 194-196 (2006)

e Woodcock, K., “Rider errors and amusement ride safety: Observation at three carnival midways,” Accident
Analysis and Prevention, 39, 390-397 (2007)

e Moll, R. F., “An amusement park physics competition,” Physics Education, 45, No. 4, 362-367 (July 2010)
ee Pendrill, A-M., and J. Rohlen, “Acceleration and rotation in a pendulum ride, measured using an iPhone
4,” Physics Education, 46, No. 6, 676-681 (November 2011)



Motion 19

Related references

o Mujllally, W. J., and I. R. Livingstone, “The luge headache,” Headache, 28, No. 4, 306 (May 1988)

¢ Pook, L. P., “A fatal fairground accident,” International Journal of Fatigue,” 20, No. 2, 169-173 (February
1998)

1.20 Short Story: Circus loop-the-loop acts
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.circushistory.org/bandwagon/Bandwagon.htm If you like stories about old circus and carnival
acts, this is the publication for you.
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1.21 Catching a fly ball
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=xlIvhasli-pA Video. See how the fielder first runs up to the proper distance
(while the baseball is still climbing) and then adjusts his orientation at that distance.
http://www.youtube.com/watch?v=9VWUxgRutlo Watch how the outfielder in this game of cricket backs up
to the proper position
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http://www.kettering.edu/~drussell/bats.html Lots of material on the physics of a baseball bat by Professor
Daniel A. Russell of Kettering University in Flint, Michigan
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1181235869&0gs=meyer+and+bohn

eee Cross, R., “Mechanics of swinging a bat,” American Journal of Physics, 77, No. 1, 36- (January 2009)
ee Nathan, A. M., L. V. Smith, W. L. Faber, and D. A. Russell, “Corked bats, juiced balls, and humidors:
The physics of cheating in baseball,” American Journal of Physics, 79, No. 6,

575-580 (June 2011)

Related references

e Schulman, A., “Aristotle balked, umpires rule,” Applied Optics, 27, No. 11, 2352 (1 June 1988)

eee Regan, D., “Visual judgements and misjudgements in cricket, and the art of flight,” Perception, 21, 91-
115 (1992)

e Land, M. F., and P. McLeod, (cricket) “From eye movements to actions: how batsmen hit the ball,” Nature
Neuroscience, 3, No. 12, 1340-1345 (December 2000)

ee Gray, R., “”Markov at the Bat’: A model of cognitive processing in baseball batters,” Psychological
Science, 13, No. 6, 542-547 (November 2002)

eee Cross, R., “Physics of overarm throwing,” American Journal of Physics, 72, No. 3, 305-312 (March 2004)

1.24 Legal passes in rughy
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=RgMIDy2jP9s Video showing how a backward pass can be an illegal
forward pass

References

o through eee indicate level of difficulty

Style of Journal reference: author, title, journal, volume, pages (date)

Style of Book reference: author, title, publisher, date, pages

e Hughes, D. E., "When is a pass forward?" Mathematical Gazette, 62, 44-45 (1978)

1.25 Juggling
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.
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The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=MgDAf 1g9Xs&feature=dir Amazing ball control while inside a plastic
cone

http://www.youtube.com/watch?v=2kVpRQDm8ec&mode=related&search= Bouncing ball from
orthogonal boards. Stunning.

http://www.youtube.com/watch?v=NT9-vsoFrwQ&mode=related&search= Contact juggling. Balancing and
moving one or more glass balls over hands and arms.

http://users.ox.ac.uk/~juggsoc/juggling.shtml There is a button for a tutorial on juggling
http://www.youtube.com/watch?v=bGelivG3Gzg Video of Joel Heidtman, juggling, yo-yos, diabolo. I really
love this stuff.

http://www.youtube.com/watch?v=8Wf1d-hVzBo Five ball juggling
http://premierespeakers.com/raspyni_brothers Hilarious juggling (click on the video)
http://www.youtube.com/watch?v=QYUXaY Ckv-A Beautiful, from Chris Bliss
http://www.youtube.com/watch?v=AT-_20AdN40 Another video from Chris Bliss
http://www.youtube.com/watch?v=rx5Sp_hoHKM Tim Kelly with lots of variations

References
Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
oo Keith, M., "Mathematics in juggling,” Journal of Recreational Mathematics, 9, 261-265 (1977)
e Truzzi, M., "On keeping things up in the air," Natural History, 88, 44-55 + 90 (December 1979)
e Menosky, J., "Physics of juggling,” Science 82, 3, 94-95 (January/February 1982)
e Grossmann, J., "When everything is whirling around, it must be juggling,” Smithsonian, 15, 110-117 + 230
(November 1984)
ee Magnusson, B., and B. Tiemann, "The physics of juggling,” Physics Teacher, 27, 584-588 (1989)
ee Kincanon, E., "Juggling and the theorist,” Physics Teacher, 28, 221-223 (1990)
e Beek, P. J., and A. Lewbel, “The science of juggling,” Scientific American, 273, 92-97 (November 1995)
e Amazeen, E. L., P. G. Amazeen, A. A. Post, and P. J. Beek, “Timing the selection of information during
rhythmic catching,” Journal of Motor Behavior, 31, No. 3, 279-289 (1999)
¢ Donahue, B., “The cerebral jongleur: an algebra whiz reveals the secrets of keeping a lot of balls in the air,”
Discover, 25, No. 12, 24-25 (December 2004)

Related references

e Post, A. A., A. Daffertshofer, and P. J. Beek, “Principal components in three-ball cascade juggling,”
Biological Cybernetics, 82, 143-152 (2000)

¢ Draganski, B., C. Gaser, V. Busch,G. Schuierer, U. Bogdahn, and A. May, “Changes in grey matter induced
by training,” Nature, 427, No. 6972, 311-312 (22 January 2004)

ee Haibach, P. S., G. L. Daniels, and K. M. Newell, “Coordination changes in the early stages of learning to
cascade juggle,” Human Movement Science, 23, 185-206 (2004)

e Hashizume, K., and T. Matsuo, “Temporal and spatial factors reflecting performance improvement during
learning three-ball cascade juggling,” Human Movement Science, 23, 207-233 (2004)

¢ Huys, R., A. Daffertshofer, and P. J. Beek, “Multiple time scales and subsystem embedding in the learning
of juggling,” Human Movement Science, 23, 315-336 (2004)
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1.26 Pole vaulting
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.cs.indiana.edu/~kinzler/pubs/pvfigs/ physics of pole vaulting
http://www.rdccairo.org/news/Walker%20and%20Stuczynski.html photo
http://entertainment.howstuffworks.com/pole-vault.htm Material from HowStuffWorks

Videos

http://www.youtube.com/watch?v=0tuz-hVVnGfk Pole vault part 4
http://www.youtube.com/watch?v=xWO v6cklr4&mode=related&search= Part 3
http://www.youtube.com/watch?v=n1Tg6tzmbGc&mode=related&search= Part 5
http://www.youtube.com/watch?v=eEqcd68otE8 Montage of jumps
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eee Schade, F., A. Arampatzis, and G. Bruggemann, “Influence of different approaches for calculating the
athlete’s mechanical energy on energetic parameters in the pole vault,” Journal of Biomechanics, 33, 1263-
1268 (October 2000)

ee Linthorne, N. P., “Energy loss in the pole vault take-off and the advantage of the flexible pole,” Sports
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ee Linthorne, N. P., “Energy loss in the pole vault take-off and the advantage of the flexible pole,” Sports
Engineering, 3, 205-218 (2000)
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1.27 Launch of an atlatl and a toad tongue
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.atlatl.com/ description plus videos
http://www.uwlax.edu/mvac/PreEuropeanPeople/EarlyCultures/archaic_tools.html description and sketches
http://www.petroglyphs.us/photographs_atlatl cliff petroglyphs AC.htm petroglyphs show atlatl use in
primitive times

http://www.art.com/asp/sp-asp/ /PD--11991179/SP--A/IGID--

1076497/A_Woodhouse Toad Bufo_Woodousii) Aims_its Tongue_at_an_Earthworm.htm?sOrig=CAT&s
OriglD=20737&Uui=653E083974C44483A9E18D0F2C0O70AES8 toad tongue
http://www.youtube.com/watch?v=Ej3it7Ct76w Documentary about atlatl
http://www.youtube.com/watch?v=917XMjtO9 s Showing the technique of throwing with an atlatl
http://www.youtube.com/watch?v=8arUy1f59rw Also showing the throwing technique
http://www.youtube.com/watch?v=SnZOZY_CNDs Another one showing the technique
http://www.youtube.com/watch?v=nTatpBldTmQ Making an atlatl, part 1
http://www.youtube.com/watch?v=iD8z38Hzq8M Part 2

References

Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)
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(1975)
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e Raymond, A., “Experiments in the function and performance of the weighted atlatl,” World Archaeology,
18, No. 2, 153-177 (October 1986)
e Cahill, T., "The atlatl: a great leap backward,” American Country, pages 102-106 (July 1987)
o Wainwright, P. C., D. M. Kraklau, and A. F. Bennett, “Kinematics of tongue projection in Chamaeleo
oustaleti,” Journal of Experimental Biology, 159, 109-133 (1991)
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e Herrel, A., J. Cleuren, and F. De Vree, “Prey capture in the lizard Agama stellio,” Journal of Morphology,
224, No. 3, 313-329 (June 1995)

¢ Nishikawa, K. C., and C. Gans, “Mechanisms of tongue protraction and narial closure in the marine toad
Bufo Marinus,” Journal of Experimental Biology, 199, 2511-2529 (1996)

ee Hutchings, W. K., and L. W. Bruchert, “Spearthrower performance: ethnographic and experimental
research,” Antiquity 71, 890-897 (1997)

e Deban, S. M., D. B. Wake, and G. Roth, “Salamander with a ballistic tongue,” Nature, 389, 27-28 (4
September 1997)

¢ “When a tongue goes ballistic,” Science News, 152, 170 (13 September 1997)

ee Hughes, S. S., “Getting to the point: evolutionary change in prehistoric weaponry,” Journal of
Archaeological Method and Theory, 5, No.4, 345-408 (1998)

o Kleiner, K., “Stone age Kalashnikov,” New Scientist, 162, No. 2186, 40-43 (15 May 1999)

eee Baugh, R. A., “Dynamics of spear throwing,” American Journal of Physics, 71, No. 4, pages 345-350
(April 2003)

eee Cross, R., “Physics of overarm throwing,” American Journal of Physics, 72, No. 3, 305-312 (March 2004)
e Deban, S. M., and U. Dicke, “Launching a ballistic tongue,” Journal of Experimental Biology, 207, No. 12,
i (in front) (2004)

¢ Deban, S., and U. Dicke, “Activation patterns of the tongue-projector muscle during feeding in the imperial
cave salamander Hydromantes imperialis,” Journal of Experimental Biology, 207, No. 12, 2071-2081 (2004)
e Deban, S. M., J. C. O’Reilly, U. Dicke, and J. L. van Leeuwen, “Extremely high-power tongue projection
in plethodontid salamanders,” Journal of Experimental Biology, 210, 655-667 (2007)

Related reference
¢ Knecht, H., “Late ice age hunting technology,” Scientific American, 271, No. 1, 82-87 (July 1994)

1.28 Slings
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=ISreXRMhrO4 Video of instruction
http://www.youtube.com/watch?v=aloksV2PwXg&mode=related&search= How to make a sling
http://www.grannysstore.com/Wilderness Survival/Slings and Slinging.htm

References

Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
e Korfmann, M., "The sling as a weapon," Scientific American, 229, 34-42 + 132 (October 1973)
¢ VVutiropulos, N., “The sling in the Aegean Bronze Age,” Antiquity, 65, 279-286 (1991)

1.29 Tomahawks
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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http://www.youtube.com/watch?v=UyPGWRJ0ObHO Go video of throwing knives, forks, and various other
objects

http://members.aye.net/~bspen/tomahawk.html Throwing a tomahawk
http://www.vividlight.com/articles/3705.htm  Stages of making a tomahawk

References
Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
ee Davydov, V. A., "Tomahawk throwing made easy," Quantum, 1, 4-6 (November/December 1990)

1.30 Bolas
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.flight-toys.com/bolas.htm discussion plus photos

References
Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
ee Mathieson, D. L., "Wrap up rotational motion by throwing a bola," Physics Teacher, 30, 180-181 (1992)

1.31 Siege machine
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

Videos

http://www.rocktec.co.nz/links/rocktec 1 39.php trebuchet and a used car, photos plus video
http://www.youtube.com/watch?v=F92FQdnLISc Video of trebuchet throwing a burning piano
http://www.youtube.com/watch?v=-wVADKznOhY Huge trebuchet
http://www.youtube.com/watch?v=n7s8HduNb90 Trebuchet hurling stones at a minivan.
http://www.youtube.com/watch?v=LeCP1NG6Yjb4 Trebuchet of a physics class
http://www.youtube.com/watch?v=T9kuC0-hzdk Throwing small pumkins
http://www.youtube.com/watch?v=LzDIM56FXAM Building a trebuchet to heroic music
http://www.youtube.com/watch?v=tFksBz0J160 Backyard trebuchet
http://www.youtube.com/watch?v=0xPr_4ER5_U Meredith College
http://www.youtube.com/watch?v=0dTxNOcf Nk Catapult and heavy metal (I think they go together)
http://www.youtube.com/watch?v=Ti2D4w3Xu28 Catapulting pumpkins
http://www.youtube.com/watch?v=EVzorAMTnFM PVC catapult from MakeMagazine

Stupid

http://www.youtube.com/watch?v=gxzW6RgbB28 Trebuchet throwing people (a good way to end up dead,
as at least one person ended up dead)
http://www.makezine.com/blog/archive/2007/02/human_trebuchet.html Another version of the video
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http://www.guardian.co.uk/uk_news/story/0,3604,1605521,00.html  Newstory of a student killed in a
trebuchet throw
http://news.scotsman.com/uk.cfm?id=2175392005 Another account of the death

Photos

http://uk.geocities.com/osfuk/osf/treb.html links lead to photos of various objects (including a piano) being
hurled by a trebuchet. However, the second to last link may not be suitable for young viewers because it
involves a dead cow.

http://www.globalspec.com/trebuchet/ a game

http://www.ripcord.ws/ Trebuchet information

http://www.roanoke.com/news/roanoke/wb/74389 news story plus photo
http://commons.wikimedia.org/wiki/Image: Trebuchet.jpg photo
http://www.castlewales.com/trebucht.html photo
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Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
e Soedel, W., and V. Foley, “Ancient catapults,” Scientific American, 240, No. 3, 150-160 + 174 (March
1979)
e O’Connor, L., “Building a better trebuchet,” Mechanical Engineering, 116, No. 1, 66-69 (January 1994)
e Moore, W. A, (letter) “Improving the trebuchet?” Mechanical Engineering, 116, No. 5, 10 (May 1994)
e Chevedden, P. E., L. Eigenbrod, V. Foley, and W. Soedel, “The trebuchet,” Scientific American, 273, No.
1, 66-71 (July 1995)
e Edbury, P., “Warfare in the Latin East,” pages 110-112, and R. L. C. Jones, “Fortifications and sieges in
western Europe,” page 175, in Medieval Warfare, edited by M. Keen, Oxford University Press, 1999, ISBN:
0-19-820639-9
eee Denny, M., “Bow and catapult internal dynamics,” European Journal of Physics, 24, 367-378 (2003)

Related reference
e Studney, M. J., “When a bridge becomes a catapult,” Mechanical Engineering, 114, No. 12, 51-53
(December 1992) 1992

1.32 Human cannonball
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=ZSfOg4QbL Tw&feature=related
http://www.youtube.com/watch?v=G8cIM2QQLyc Video human cannonball
http://news.bbc.co.uk/cbbcnews/hi/newsid _4190000/newsid_4194900/4194944.stm BBC story plus photos
http://www.bbc.co.uk/cumbria/content/articles/2005/05/31/human_cannonball feature.shtml Another BBC
story, this one about the first female human cannonball
http://news.bbc.co.uk/onthisday/hi/dates/stories/august/25/newsid 2535000/2535601.stm A third BBC
story, plus video
http://www.edwardsamuels.com/illustratedstory/chapter%209/zacchini.jpg photo of Hugo Zacchini in flight
http://wikimania2006.wikimedia.org/wiki/lmage:Stephanie_smith_human_cannonball -
melbourne_show_2005.jpg Stephanie Smith in flight
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http://www.youtube.com/watch?v=0X9S m7W4UA Human cannonball shot over the border
http://www.youtube.com/watch?v=HdTe008ILAk
http://www.youtube.com/watch?v=hQgoL9V1j2k
http://www.youtube.com/watch?v=0aJ5RQeD0gQ Human cannonball overshoots the airbag
http://www.youtube.com/watch?v=aGLArX6eD1M&feature=related
http://www.youtube.com/watch?v=6-5tqghp8msA&feature=related
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Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
e Pfening, Jr., F. D., "Human cannonballs,” Bandwagon, 20, 4-15 (November/December 1976)
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pages 48, 59-60

1.33 Basketball shots
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=Us_yo6CEy3w Watch the wrist snap
http://www.youtube.com/watch?v=xWclbJHMcio Michael Jordan free throw
http://www.youtube.com/watch?v=IWDnFm_VGTc&feature=related Jordan makes free throw with his eyes
closed

http://www.youtube.com/watch?v=718IdCsCECKk Jeff Liles makes a free throw world record
http://www.youtube.com/watch?v=6k4IcF9IGUk Amazing trick shots. | could spend days on the physics of
these shots.

http://www.youtube.com/watch?v=tWLWhU4KuKQ&mode=related&search=Incredible shot
http://www.youtube.com/watch?v=cMV_gvBwL1g Full court shot into the basket, and it wins the game!
http://www.youtube.com/watch?v=pQxgHNmmVYoM Full court, half court, from the corner, and from behind
the basket

http://www.worsleyschool.net/science/files/physicsof/basketball.html Essay on the physics of basketball
http://visp.rutgers.edu/measure2.htm Trajectory of a free throw, considering the various forces on the ball
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ee Brancazio, P. J., "Physics of basketball,” American Journal of Physics, 49, 356-365 (1981); reprinted in
The Physics of Sports, Volume One, A. Armenti Jr., editor, American Institute of Physics, 1992, ISBN 0-
88318-946-1, pages 86-95



Motion 32
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Systems, Measurement and Control. Transactions of the ASME, 128, No. 2, 359-364 (June 2006)
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1.34 Short Story: Records in free throws
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=718ldCsCECk Jeff Liles makes a free throw world record
http://www.youtube.com/watch?v=V4eJSjwID50 Rick Barry, one of the best free-throw shooters ever, shoots
with a “granny shot”

http://www.youtube.com/watch?v=TqudMIz4Ybw So does Bob March, time after time
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http://www.youtube.com/watch?v=9hlibcjZXrA Michael Jordan talking about free throws, with and without
your eyes open

http://www.youtube.com/watch?v=92YWyxOXjMs Ok, this is just bizarre. A girl is thrown through a
basketball hoop, making a full summersault on the way there.
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1.35 Hang in basketball and ballet
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=vetL RKaQmUI Michael Jordan discusses jumping. No big secrets here.
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1.36 Golfing
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=DK9aS-trlgE&mode=related&search= Tiger Wood video
http://archives.cbc.ca/IDC-1-41-1723-11853/sports/golfing/clip3 Me and Jay Ingram on CBC Radio’s show
Quirks and Quarks, from 1982
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1.37 Short story: Curtain of death of a meteor strike
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=jUh7pYDmKO08&feature=related Video of meteor in Australia
http://www.youtube.com/watch?v=8mbA606ZRWI&feature=related Video of meteor in Mexico
http://www.youtube.com/watch?v=dx8-42JH0G4&feature=related Video of meteor over Madrid
http://www.youtube.com/watch?v=EydCqg31t518&feature=related Video of meteor
http://www.youtube.com/watch?v=5S3WfNDD59Y&NR=1 Video of meteor over football game
http://www.youtube.com/watch?v=tUBrxvigujO&feature=related Video meteor over Washington
http://www.youtube.com/watch?v=S10IS31Ht50 Video of meteor in Portland
http://www.youtube.com/watch?v=rH-NTr4cc04 Video of meteor flight
http://www.youtube.com/watch?v=InX3AKBnOhw
http://www.youtube.com/watch?v=f5lu4mtChW=8&feature=related
http://www.physics.upenn.edu/duriangroup/impact.htm Multiple-exposure photo of ball hit granular
material and digging a crater. Look at the “curtain” of debris.
http://www.geology.um.maine.edu/geodynamics/analogwebsite/UndergradProjects2006/Allen/introduction.
html Photos, sketches, and discussion of cratering

http://neo.jpl.nasa.gov/neo/report2007.html  NASA’s report to congress on near-Earth objects, March
2007. Click on the “final report.”
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o Steel, D., “Tunguska at 100,” Nature, 453, 1157-1159 (26 June 2008)

Related:
“All craters great and small,” Nature, 453, 1172-1175 (26 June 2008)
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ee Claycomb, J. R., “Impact crater experiments for introductory physics and astronomy laboratories,” Physics
Ecucation, 44, No. 2, 184-187 (March 2009)

1.38 The high jump and the long jump
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=1d4W6VAOQuLc Video showing the early jumps of Dick Fosbury
http://www.youtube.com/watch?v=x4yhESKEPg0&mode=related&search="World record for high jump
http://www.youtube.com/watch?v=FIgk75Jn9ZQ Bob Beamon’s record breaking jump. | did not realize it
was filmed, but thanks to YouTube we can see it.

http://www.youtube.com/watch?v=GGIwOP2Jkpk A black-and-white video of Beamon’s jump
http://www.youtube.com/watch?v=Xb-hgnMtySI A front view of Beamon’s jump
http://www.youtube.com/watch?v=WdR8D4xYaC8 Another angle of Beamon’s jump
http://www.youtube.com/watch?v=4C8aG50w_rw Mike Powell breaks Beamon’s jump and we also watch
the match with Carl Lewis; both are wonderful.

Photos

http://www.greece-athens.com/pages_images/421.jpg Pottery showing halteres used by the ancient Greeks in
long jumping

http://www.schoolsliaison.org.uk/petros/petros01.htm Photos of a person demonstrated the use of halteres
http://www.mlahanas.de/Greeks/ImagesGreeks/Greeks0010.html Halteres
http://www.cla.purdue.edu/courses/ped476/oldslides.html One of the images shows halteres
http://www.greece-athens.com/pages_images/421.jpg More images
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1.39 Jumping beans
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=vzMdfAo0rkY Jumping beans plus some good salsa music
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http://www.youtube.com/watch?v=0P0J70zoqqY &feature=related Jumping bean race. Just the thing to
watch with a good beverage on a lazy summer afternoon.

http://www.youtube.com/watch?v=tq9sMoQDtQU Video of the seeds (or rather, seed shells) that seemingly
move themselves.

http://www.youtube.com/watch?v=0P0J70zoqqY &feature=related Jumping bean race. Just the thing to
watch with a good beverage.

http://waynesword.palomar.edu/plaug97.htm Wayne’s Word: An on-line textbook of natural history, which
has many fine pages to explore. Details about the larvae, the seeds, and the plants. Also, click to read about
the jumping galls.
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1.40 Somersault of a click beetle, attack of a mantis shrimp
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=kZIrK3sNzX8&NR=1 Note the speed of the jump
http://www.youtube.com/watch?v=5z0féyykMq0 Video of click beetle jumps
http://www.youtube.com/watch?v=nQydbfgrl-o Video of click beetle jumps
http://www.ent.iastate.edu/imagegal/coleoptera/click/3936.12clickbeetle.html Photo of a click beetle

http://www.youtube.com/watch?v=4YKprYcny E&feature=related Video with sound
http://www.youtube.com/watch?v=mu6yrC6bjNo Video with sound and music
http://www.youtube.com/watch?v=Hkv 30niM A&feature=related Video with sound with faint sound
toward end

http://www.eco-divers.com/peterlange/15.html  Photo of a mantis shrimp
http://www.youtube.com/watch?v=-JATWXTY1sk Similar storage of energy prior to a sudden release,
except here it is with a playing card
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(2008)

1.41 Short Story: Some record lifts
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

Videos

http://www.youtube.com/watch?v=muY0LmeMI9s Video, tribute to Paul Anderson. Words are difficult to
read but this has some hard-to-find movies: one-arm presses 300 pounds
http://www.youtube.com/watch?v=knyQjxHszX0 The one-arm press by Anderson
http://www.youtube.com/watch?v=XRBst03Ltnl Lifts two barrels of concrete
http://www.youtube.com/watch?v=JOojlkaetZA&NR=1 Tribute

Photos

http://ffden-2.phys.uaf.edu/211 fall2002.web.dir/Peter Broady/Pages/Strongestman.htm  Description plus
photos of Paul Anderson

http://cbass.com/ANDERSON.HTM More desription and photos
http://www.cviog.uga.edu/Projects/gainfo/paulanderson.htm More description and photos
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¢ Willoughby, D. P., The Super-Athletes, A. S. Barnes, 1970, page 153
o McWhirter, N., and R. McWhirter, Guinness Book of Records, Bantam Books, 1976, pages 665, 669
o Wallechinsky, D., I. Wallace and A. Wallace, The People's Almanac Presents the Book of Lists, William
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1.42 Chain collisions
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://plus.maths.org/latestnews/may-aug06/newtonscradle/index.html Photo of Newton’s cradle
http://www.physics.gla.ac.uk/~kskeldon/PubSci/exhibits/D10/ Making a Newton’s cradle
http://www.tcd.ie/Science/newton.php Photo
http://www.newtrier.k12.il.us/academics/math/Connections/motion/newton.htm A hallway (large)
Newton’s cradle
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1.43 Dropping a stack of balls
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://faraday.physics.uiowa.edu/mech/1N30.60.htm Just under the photo, click on the MPEB Movie to see
just how high the ball will go

http://www.rose-hulman.edu/~moloney/AppComp/1999Entries/entryl1.htm Plans for a velocity amplifier
using stacked disks
http://vacuum.ramapo.edu/physics/physics-doc/amsci/AmSci01/1988/10/1988-10-body.html My article in
Scientific American
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Also see the references for the preceding item.

1.44 Short Story: A crashing demonstration
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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1.45 Karate and Tae kwon do
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.tandtmartialarts.com/ T&T Martial Arts web site, here in Cleveland, Ohio. To see videos of the
various forms and the techniques for one-step sparring, click on “Student Resources” in the menu at the left,
then click on TKD Requirements, then choose a belt level, then click on the video selection at the right. Be
sure to turn on your audio.

http://www.fightingarts.com/reading/get author.php?author=Jearl%20Walker =~ Two of my articles for
Scientific American were about judo and aikido and are available at this web site.
http://www.youtube.com/watch?v=RI2BOJMVHIK&NR=1 Video, breaking a stack of boards, slow motion.
Note that they break one by one. Note the hand deformation.
http://www.youtube.com/watch?v=nLPNCnPhufs Female tae kwon do fighter breaks a number of boards
http://www.youtube.com/watch?v=wEf8cRicJME&mode=related&search= Video, commercial for Chuck
Norris World Combat League (full contact). Very solid hits to the head.
http://www.youtube.com/watch?v=i37NOUTOoPg Dangerous hit to the head (which I really hate to see) but
this is excellent technique. The fighter in the foreground waits for the jump forward by his opponent.
http://www.stanford.edu/group/kenpo/photo/fall2004.shtml Standord kenpo karate club, lots of photos
http://www.eharrishome.com/cmaac/photos.html Martial arts at Cornell

http://www.kungfuscience.org/ The science of kung fu. There are movies at the right side and a slide bar at
the left to go through several slides.

http://www.straightdope.com/columns/050902.html Cecil Adams’s “Straight Dope” column about karate and
tae kwon do, with Cecil’s unique (strange?) view of the world.
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1.46 Boxing
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=8B9hiYodAd8 Brutal --- you get a powerful sense of how the brain
sloshes around within the skull and the head gets wrenched around the brain stem
http://www.youtube.com/watch?v=Qtp2ibwd2Ms&feature=related Kick boxing. A kick to the head rattles
the brain

http://www.youtube.com/watch?v=BjnkKul-YAY &feature=related Very interesting. Even a light weight
kick can bounce the brain into unconsciousness

http://www.mlahanas.de/Greeks/Olympic2.htm Look at the images of the hand straps used in boxing in
ancient Greece.
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1.47 Skywalk collapse
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.answers.com/topic/hyatt-kansas-city-collapse-gif photo
http://antoine.frostburg.edu/phys/invention/case_studies/disasters/kansas_city walkway.html photo plus
description
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1.48 World Trade Center collapses
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.
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http://www.evesmag.com/empirestatecrash.htm Photo and description of the B-25 aircraft that crashed into
the Empire State Building in 1945

http://www.damninteresting.com/?p=179 Story plus photos of the B-25 and the crash site
http://www.tms.org/pubs/journals/JOM/0112/Eagar/Eagar-0112.html Online version (including photos) of
the article by Eager and Musso that is listed below
http://www.musarium.com/stories/america-attacked/bottom03.html A photo
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1.49 Falls from record heights
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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eee Maddocks, J. H., and J. B. Keller, "Ropes in equilibrium,” SIAM Journal on Applied Mathematics, 47,
1185-1200 (1987)
e Plummer, W. T., “Some techniques for cave exploration,” National Speleological Society Bulletin,” 28, No.
1, 22-37 (January 1966)
e Belmonte, Andrew, “The tangled web of self-tying knots,” PNAS — Proceedings of the National Academy
of Sciences of the United State of America, 104, No. 44, 17243-17244 (30 October 2007)
eee Przybyl, S., and P. Pieranski, “Tightening of the elastic overhand knot,” Physical Review E, 79, article #
031801 (2009)

1.60 Rock climbing
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=qJEopoD-YYI Fall
http://www.youtube.com/watch?v=Zdcbhfdjt2w Steve McClure, montage, with falls.
http://www.youtube.com/watch?v=Mh_4lUAx2MM&feature=related More Steve McClure
http://www.youtube.com/watch?v=BHQ9IpWEG9dE &mode=related&search= Video: Nice layback and a
fall (he lives through it)

http://www.youtube.com/watch?v=ly42ndIUHrA Video, lots of techniques
http://www.camp4.com/photos/images.php?page=11&cat_id=1&category=Rock%20Climbing&order=
Photos

http://www.dangeroussite.com/images/peak_routes/scoop2big.jpg Layback photo
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ee Hudson, R. R., and W. Johnson, "Elementary rock climbing mechanics,” The International Journal of
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ee \Weichman, F. L., "A mountaineering accident,” Physics Teacher, 23, 358-359 (1985)
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Medicine, 28, No. 3, 185-186 (1994)
eee Reali, G., and L. Stefanini, “An important question about rock climbing,” European Journal of Physics,
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¢ Roloff, I., V. R. Schoffl, L. Vigouroux, and F. Quaine, “Biomechanical model for the determination of the
forces acting on the finger pulley system,” Journal of Biomechanics, 39, 915-923 (2006)
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and pulley forces during specific sport-climbing grip techniques,” Journal of Biomechanics, 39, 2583-2592
(2006)

e Schoffl, I., F. Einwag, W. Stgrecker, F. Hennig, and V. Schoffl, “Impact of taping after finger flexor tendon
pulley ruptures in rock climbers,” Journal of Applied Biomechanics, 23, 52-62 (2007)

ee Vogwell, J., and J. M Minguez, “The safety of rock climbing protection devices under falling loads,”
Engineering Failure Analysis 14, 1114-1123 (2007)
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(2007)

ee O’Shea, M. J., “The most dangerous point in a climb may be just after you start,” European Journal of
Physics, 43, No. 5, 494-499 (September 2008)



Motion 59

ee O’Shea, M. J., “Climbing, slipping and Newton’s second law,” Physics Education, 44, No. 6, 644-651
(November 2009)

Related article:
Andre, T., V. Levesque, V. Hayward, P. Lefevre, and J.-L. Thonnard, “Effect of skin hydration on the
dynamics of fingertip gripping contact,” Journal of the Royal Society Interface, 8, 1574-1583 (2011)

1.61 Rock climbing by bighorn sheep
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://cache.eb.com/eb/image?id=6493&rendTypeld=4 photo
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Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
¢ Manning, D. P., J. E. Cooper, C. Jones, and M. Bruce, “Slip-shod or safely shod: the bighorn sheep as a
natural model for research,” Journal of the Royal Society of Medicine, 83, No. 11, 686-689 (November 1990)

1.62 Pulling statues across Easter Island
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=3FpjKplnQeo Video showing the statues
http://ourworld.compuserve.com/homepages/dp5/easter2.htm Description plus many photos, including ones
of modern day erection of a statue
http://newsgrist.typepad.com/robertgoldwaterlibrary/2007/01/tomas_munita_fo.html news story plus photo
http://www.wayfaring.info/2006/11/30/explore-the-amazing-mystery-which-moai-giant-stone-statues-of-
easter-island-creates/ news story plus photo
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Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
e VVan Tilburg, J. A., “Moving the Moai,” Archaeology, 48, 34-43 (January/February 1995)
e Van Tilburg, J. A, and T. Ralston, “Engineers of Easter Island. Archaeologists field test a theory of how
Easter Island’s Moai moved.” Archaeology, 52, No. 6, 40-45 (November-December 1999)

1.63 Erecting Stonehenge
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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Videos
http://www.youtube.com/watch?v=IRRDzFROMx0 One man moving large blocks.

Photos

http://viewfinder.english-
heritage.org.uk/search/reference.asp?index=133&imageUID=108954&main_query=&theme=ARCHAEOL
OGY &period=&county=&district=&place name= Photo, tilithon stones and lintel stones
http://www.mendhak.com/paranormal/mystery/show.php?id=31 Description plus photos
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Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
e Thorpe, R. S., and O. Williams-Thorpe, “The myth of long-distance megalith transport,” Antiquity, 65, 64-
73 (1991)
e Burl, A., “Megalithic myth or man the mover?” Antiquity, 65, 297 (1991); reply by R. S. Thorpe and O.
Williams-Thorpe, Antiquity, 65, 298 (1991)
¢ Pavel, P., “Raising the Stonehenge lintels in Czechoslovakia,” Antiquity, 66, 389-391 (1992)
¢ Patton, M., “Megalithic transport and territorial markers: evidence from the Channel Islands,” Antiquity, 66,
392-395 (1992)
o Williams-Thorpe, O., “Reply to ‘Megalithic transport and territorial markers: evidence from the Channel
Islands’ by mark Patton,” Antiquity, 67, 120 (1993)
e Parry, R. H. G., “Megalith mechanics,” Proceedings of the Institution of Civil Engineering. Civil
Engineering, 138, No. 4, 183-192 (November 2000)
e Simpson, J. H. “Further reflections on megalith mechanics,” Proceedings of the Institution of Civil
Engineering. Civil Engineering, 144, No. 4, 181-185 (November 2001)
¢ Burl, A., “Stonehenge—How did the stones get there?” History Today, 51, 19-25 (March 2001)
¢ Adamson, T., “Stonehenge: the stone mason and his craft,” Antiquity, 76, 41-42 (2002)

1.64 Lifting the blocks for the Egyptian pyramids
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.richard-seaman.com/Travel/Egypt/Dahshur/AllPyramids/ Discussion plus photos
http://members.aol.com/aditt48670/pyramid.html Discussion about moving the blocks
http://www.sakkaragroup.com/cityDetails17.htm Discussion plus photos. Click on the photos
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Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
e Bush, J. D., “The rolling stones,” Engineering & Science, 41, No. 1, 23 (October-November 1977)
e Hamblin, D. J., "A unique approach to unraveling the secrets of the Great Pyramids,” Smithsonian, 17, 78-
93 + 156-157 (April 1986)
e Cunningham, J., (letter) "Techniques of pyramid building in Egypt," Nature, 332, 22-23 (1988)
¢ Rigby, W., (letter) "Lifting heavy loads not just by the Egyptians,” Nature, 333, 23 (1988)
e Stewart, 1., “Pyramid power, people power,” Nature, 383, No. 6597, 218 (19 September 1996)
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e Isler, M., Sticks, Stones, and Shadows---Building the Egyptian Pyramids, University of Oklahoma Press,
2001, pages 196-307

e Edwards, J. F., “Building the Great Pyramid---probable construction methods employed at Giza,”
Technology and Culture, 44, 340-354 (April 2003)

e Stocks, D. A., “Immutable laws of friction: preparing and fitting stone blocks into the Great Pyramid of
Giza,” Antiquity, 77, No. 297, 572-578 (September 2003)

o Petroski, H., “Pyramids as inclined planes,” American Scientist, 92, No. 3, 218-222 (May-June 2004)

1.65 A Slinky
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=EZL 6RGkPjws 1960s Slinky television commercial
http://www.youtube.com/watch?v=CM sMM tvX8&feature=related
http://www.bigroadstudios.com/di_sketch/images/slinky.jpg Sketch
http://content.perspicuity.com/?q=node/33 Cartoon
http://www.youtube.com/watch?v=bbNATW4eRsU&mode=related&search= Video of a person pertending
to be a slinky. Very funny.

http://www.metacafe.com/watch/884327/slinky man/ Same
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Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
ee Cunningham, W. J., "The physics of the tumbling spring," American Journal of Physics, 15, 348-352 (1947)
eee | Onguet-Higgins, M. S., "On Slinky: the dynamics of a loose, heavy spring," Proceedings of the
Cambridge Philosophical Society, 50, 347-351 (1954)
¢ Burger, W., "Slinky zum 40. Geburtstag,” Physikalische Blatter, 42, 407-408 (1986)
ee Burger, W., "Ode to Slinky on its birthday," The Science Teacher, 54, 25-28 (October 1987)
e Cunningham, W. J., "Slinky: the tumbling spring" in "Marginali," American Scientist, 75, 289-290 (1987)
¢ Webb, G. N., and W. J. Cunningham, (letters) "Origins of Slinky," American Scientist, 75, 457 (1987)
ee Chokin, D., "Slinking around: put some spring in your walk -- and vice versa," Quantum, 3, 64-65
(November/December 1992)
eee Hu, A-P., “A simple model of a Slinky walking down stairs,” American Journal of Physics, 78, No. 1, 35-
39 (January 2010)
eee Cross, R. C., and M. S. Wheatland, “Modeling a falling slinky,” American Journal of Physics, 80, No. 12,
1051-1060 (December 2012)

1.66 Leaning tower of blocks
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=CA-gF53jvTY Video of stacking blocks and then placing a thin rod
under the center of mass of the full stack.
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http://www.physics.ucla.edu/demoweb/demomanual/mechanics/center of mass demonstrations/stacking bl
ocks.html UCLA, diagram of how to stack the blocks

http://groups.physics.umn.edu/demo/mechanics/1J1120.html Photo
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¢ Johnson, P. B. "Stacking cards," problem E 1122, The American Mathematical Monthly, 61, 423 (1954)
ee Goldberg, M., and A. Wilansky, "Stacking cards," solution to problem E 1122, The American Mathematical
Monthly, 61, 123-124 (1955)
ee Johnson, P. B., "Leaning tower of Lire," American Journal of Physics, 23, 240 (1955)
ee Sutton, R. M., "A problem of balancing,” American Journal of Physics, 23, 547 (1955)
oo Clarke, P. J., "Statical absurdity,” Mathematical Gazette, 40, 213-215 (1956)
ee Eisner, L., "Leaning tower of the Physical Reviews," American Journal of Physics, 27, 121-122 (1959)
ee Barnard, D. St. P., "The domino story," in Adventures in Mathematics, Funk & Wagnalls, 1968, pages 109-
122
eee Boas, R. P., and J. W. Wrench, Jr., "Partial sums of the harmonic series," The American Mathematical
Monthly, 78, 864-870 (1971)
e Boas, Jr., R. P. "Cantilevered books," American Journal Physics, 41, 715 (1973)
ee Parkin, R. E., "The stacked playing cards,” Journal of Recreational Mathematics, 7, 37-40 (1974)
ee Ainley, S., "Finely balanced," Mathematical Gazette, 63, 272 (1979)
ee Watson, P. J. S., "On 'Lego’ towers," Journal of Recreational Mathematics, 12, 24-27 (1979/1980)
ee Scraton, R. E., "A giant leap," Mathematical Gazette, 64, 202-203 (1980)
oo Steck, D. J., "An experiment in discovery," Physics Teacher, 18, 672-673 (1980)
ee Heilbronner, E., "Overhanging 'Lego’ towers,” Journal of Recreational Mathematics, 13, 114-117
(1980/1981)
o Walker, J., "Deep think on dominoes falling in a row and leaning out from the edge of a table" in "The
Amateur Scientist," Scientific American, 251, 122-130 (August 1984)
o Walker, J., "The Amateur Scientist," Scientific American, 252, 130-134 (June 1985); see pages 133-134
e Ehrlich, R., "Stability of a pile of meter sticks," Physics Teacher, 23, 489 (1985)
¢ Rossing, T. D., "A dramatic demonstration of stability,” Physics Teacher, 24, 482 (1986)
ee Horton, G. K., B. Holton, and E. Freidkin, “The leaning tower of tiles --- revisited,” Physics Teacher, 35,
214-219 (April 1997)
e Shasha, D. E., “No tipping” in “Puzzling Adventures,” Scientific American, 284, No. 4, 112 (April 2001)
o Kim, S., “Get physical” in “Bogglers,” Discover, 24, No. 10, 83 + 87 (October 2003)
eee Hall, J. F., “Fun with stacking blocks,” American Journal of Physics, 73, No. 12, 1107-1116 (December
2005)
ee Khoshbin-e-Khoshnazar, M. R., “Simplifying modeling can mislead students,” Physics Education, 42, No.
1, 14-15 (January 2007)
ee Tan, Y.-S., and K.-C. Yap, “Defying gravity using Jenga'™ blocks,” Physics Education, 42, No. 6, 607-610
(2007)
¢ Longstaff, B., “Extreme overhang,” New Scientist, 196, Nos. 2635/2636, 42-45 (22/29 December 2007)
ee Paterson, M., Y. Peres, M. Thorup, and P. Winkler, “Maximum overhang,” American Mathematical
Monthly, 116, No. 9, 763-787 (November 2009)
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1.67 Leaning tower of Pisa
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://news.bbc.co.uk/2/hi/europe/7423957.stm
http://torre.duomo.pisa.it/ Official site, hundreds of photos and interactive perspertives

References

Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
e MacKenzie, D., "A steel corset for the leaning tower," New Scientist, 130, 14 (4 May 1991)
eee Cheney, J. A., A. Abghari, and B. L. Kutter, “Stability of Leaning Towers,” Journal of Geotechnical
Engineering, 117, No. 2, 297-318 (February 1991)
¢ Coghlan, A., "Pressure mounts to end Pisa's decline," New Scientist, 139, 19 (21 August 1993)
¢ Heiniger, P., “The leaning tower of Pisa,” Scientific American, 273, No. 6, 62-67 (December 1995)
e Covington, R., “The leaning tower straightens up,” Smithsonian, 32, No. 3, 41-47 (June 2001)
e Barends, F. B. J., “A Dutch leaning tower saved in 1866 by the same method used for the Pisa tower,”
Geotechnique, 52, No. 2, 141-142 (2002)
¢ Burland, J., M. Jamiolkowski, and C. Viggiani, “Preserving Pisa’s treasure,” Civil Engineering, 72, No. 3,
42-49 (March 2002)
¢ Burland, J. B., M. Jamiolkowski, and C. Viggiani, “The stabilization of the leaning tower of Pisa,” Soils and
Foundations, 43, No. 5, 63-80 (October 2003)

Related references

eee Scott, A. J., “The physics of dirt: an introduction to soil mechanics,” Physics Education, 35, No. 1, 58-63
(January 2000)

o Lawler, A., “Leaning tower poses a technical and political challenge,” Science, 298, No. 5596, 1201-1202
(8 November 2002)

1.68 Falling dominoes
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://news.bbc.co.uk/2/hi/europe/7730834.stm world record of toppling dominoes

http://www.sas.org/tcs/weeklylssues 2007/2007-11-02/project2/index.html Home experiment to measure the
speed of the domino effect by using the windows sound recorder, Ron Larham, part 1
www.sas.org/tcs/weeklylssues 2007/2007-12-07/project2/index.html  part 2

An attempt to set a new record for toppling dominoes, with some effects | have not seen previously:
http://www.cnn.com/video/#/video/offbeat/2007/11/17/vo.netherlands.domino.ap
http://www.youtube.com/watch?v=MngP8IBUwgs Video dominos and pool balls
http://www.youtube.com/watch?v=Hgtekdwleyo&mode=related&search= World record video
http://www.youtube.com/watch?v=zkTjuelQfo0&mode=related&search= video
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http://www.youtube.com/watch?v=0-Bje2VKEvM&mode=related&search= video, coins used instead of
dominos. (This is like a nightmare to me!)
http://www.youtube.com/watch?v=YocnQONMTUAG&feature=related domino effect with computer hard
drives

http://www.youtube.com/watch?v=FHH26cAhGi8&feature=related
http://www.youtube.com/watch?v=-vLvDaFoJK4&feature=related 30,000 dominoes
http://www.youtube.com/watch?v=-MgXr2k4nhl&feature=related Domino wall
http://www.youtube.com/watch?v=JufTiwmR tA&NR=1 Part 1
http://www.youtube.com/watch?v=JRy8bs|2pl8&feature=related Part 2
http://www.youtube.com/watch?v=SY5NVkGtZ0Y &feature=related Demolition #2
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e Daykin, D. E., "Falling dominoes,” Problem 71-19, SIAM Review, 13, 569 (1971)
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e Speco, B., Jr., with B. Sugar, The Great Falling Domino Book, Warner Books, 1979
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SIAM Review, 25, 403-404 (1983)
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1.69 Falling chimneys, pencils, and trees
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://laplace.ucv.cl/GalileosGallery/FreeFall/falling-beam/movimiento.html

http://www.youtube.com/watch?v=CCUG_fGtfdw&mode=related&search=
http://myweb.Imu.edu/gvarieschi/chimney/chimney.html
http://www.youtube.com/watch?v=z10zyAccqoU&mode=related&search= video
http://www.youtube.com/watch?v=gJuVtxH8Eos Base knocked out of building structure on one side allows
the rest of the structure to rotate around the remaining support.
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http://www.megalithia.com/brittany/carnac/grandmenhir/index.html Photos plus discription of Le Grand
Menhir Bris
http://www.culture.gouv.fr/culture/arcnat/megalithes/fr/mega/megalocmen.htm Photo, sketches, discussion
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1.70 Breaking pencil points
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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1.71 Failure of a bridge section
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically
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1.72 Jack-knifing of a train
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.
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The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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1.73 Bowling strikes
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=VJkjKzeL mSE Video, perfect bowling
http://www.youtube.com/watch?v=64vbnwtL 718 Video, backward bowling

References

Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
eee Hopkins, D. C., and J. D. Patterson, "Bowling frames: paths of a bowling ball,” American Journal of
Physics, 45, 263-266 (1977); reprinted in The Physics of Sports, Volume One, A. Armenti Jr., editor, American
Institute of Physics, 1992, ISBN 0-88318-946-1, pages 77-80
eee Huston, R. L., C. Passerello, J. M. Winget, and J. Sears, "On the dynamics of a weighted bowling ball,"
Journal of Applied Mechanics ASME, 46, 937-943 (1979)
ee Griffing, D. F., The Dynamics of Sports: Why That's the Way the Ball Bounces, Dalog Co., 1982 (P. O.
Box 243, Oxford, Ohio, USA 45056), pages 160 ff
o Keifer, J., "Bowling: the great oil debate,” in Newton at the Bat: The Science in Sports, E. W. Schrier and
W. F. Allman, eds., Charles Scribner's Sons, 1987, pages 33-37
o Walker, J., "Why sidespin helps the bowler --- and how to keep scoring strikes" in "The Amateur Scientist,"
Scientific American, 258, 110-113 (March 1988)
eee Zecchini, E. J., and G. L. Foutch, “The bowling ball’s path,” Chemtech, 21, No. 12, 731-735 (December
1991)
e Falcioni, J. G., “Striking at the core of bowling balls,” Mechanical Engineering, 115, No. 8, 44-48 (August
1993)
eee Frohlich, C., “What makes bowling balls hook?” American Journal of Physics, 72, No. 9, 1170-1177
(September 2004)

Related references

eee Johnson, K. L., "The effect of spin upon the rolling motion of an elastic sphere on a plane,” Journal of
Applied Mechanics ASME, 25, 332-338 (1958)

eee Brearley, M. N., and B. A. Bolt, “The dynamics of a bowl,” Quarterly Journal of Mechanics and Applied
Mathematics, Vol. 11, Part 3, 351-363 (1958)

eee Brearley, M. N., “The motion of a biased bowl with perturbing projection conditions,” Proceedings of the
Cambridge Philosophical Society, 57, 131-151 (1961)

eee Shirtcliffe, T. G. L., "Lawn bowls and Newton's laws of motion," Physics Education, 14, 78-81 (1979)



Motion 68

eee Roper, T., “The mathematics of bowls,” Mathematical Gazette, 80, 298-307 (1996)
eee Cross, R., “The trajectory of a ball in lawn bowls,” American Journal of Physics, 66, No. 8, 735-738
(August 1998)

1.74 Shots in pool and billiards
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=pZgkaJDaz2A Slow motion billiard shots
http://www.youtube.com/watch?v=edBj7uKHYZ0 Video terrific shot
http://www.youtube.com/watch?v=BnHsqtWiDOU&mode=related&search= Video trick shots
http://www.youtube.com/watch?v=pZgkaJDaz2 A&mode=related&search= Slow motion showing curved
paths

http://www.youtube.com/watch?v=Fhr-0AARUAY With the right amount of English, a pool ball spins for 26
seconds

http://www.msu.edu/user/brechtjo/physics/airTable/airTable.html Simulation of pool and billiard shots. You
can shift the red cue ball up and down to get two-dimensional collisions.
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1.75 Miniature golf
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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1.76 Superball tricks
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=MgDAf 1g9Xs&feature=dir Amazing ball control while inside a plastic
cone

http://www.youtube.com/watch?v=2kVpRQDm8ec&mode=related&search= Bouncing ball from
orthogonal boards. Stunning.

http://www.youtube.com/watch?v=2GSkE4zNziE Video of amazing bouncing ball tricks (or what can you
do when you have lots of free time on your hands)

http://www.youtube.com/watch?v=mqzTMsI7LyM Ping pong ball tricks involving multiple reflections
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1.77 Racquetball shots
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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http.//www.metacafe.com/watch/804642/unbelievable/ Wait until he starts shooting the ball toward the goal
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1.78 Short Story: A controversial goal
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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1.79 Tennis
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.physics.usyd.edu.au/~cross/tennis.html Professor Rod Cross, physics of tennis
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1.81 Motorcycle long jumps
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.metacafe.com/watch/yt-MLejkyXbJlc/robbie maddisons 2008 new years eve jump_in_hd/
Robbie Maddison

http://www.youtube.com/watch?v=pbMt5ZrGtDo same video

http://gorillamask.net/gm_media.php?show page=video&page id=21027 same video
http://au.youtube.com/watch?v=EvuXT3PIRRg Part 1: Youtube taken off television set, audio is not great
but this includes interviews.

http://au.youtube.com/watch?v=_xQz3Zlg CM&feature=related Part 2
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related:
http://www.youtube.com/watch?v=viHIldcfLhE|&feature=related

http://www.youtube.com/watch?v=7n0m6VGVDbg Robbie Knievel jumps over 24 delivery trucks to break
his dad’s record on May 2008

http://www.wlwt.com/video/16388974/index.html Here is the same news item linked directly to the
television station

http://www.wlwt.com/news/16385783/detail.html And here is page where they run the raw video footage
without commentary

http://www.youtube.com/watch?v=1UBtaVgaw84 Evel Knievel at Portland
http://www.youtube.com/watch?v=SLURFJQGeZE &feature=related Evel Knievel jumps 11 Mack trucks
http://www.youtube.com/watch?v=4-PKx2GIC7U&feature=related Evel comes down a ramp and jumps
over 50 cars

http://www.youtube.com/watch?v=0Q2xwO1ciEKo Evel Knievel jumps
http://www.youtube.com/watch?v=0J4pK2PBpf0&mode=related&search= Evel Knievel Houston
Astrodome

http://www.youtube.com/watch?v=1UBtaVgaw84&mode=related&search= Evel Kinevel in Portland
http://www.youtube.com/watch?v=Gg9Hrp0CVms Evel Knievel terrible crash
http://www.youtube.com/watch?v=4cO9gKcRoLk Robie Knievel jumps the Grand Canyon (on a windy
day?")

http://www.youtube.com/watch?v=BA4KcgErN3U&mode=related&search= The bike rotates due to
conservation of angular momentum

http://www.youtube.com/watch?v=FBFz7hzktXU&feature=related Eddie Kidd jumps 14 buses, landing
orientation very dangerous

http://www.youtube.com/watch?v=JLVNAMgLbXE&feature=related Robie Knievel spectacular jump
http://www.youtube.com/watch?v=hTQJgwIVtEU&feature=related Robie jumps from roof top to roof top
http://www.youtube.com/watch?v=aluopDLnAgg&feature=related Robie jumps on a battleship
http://www.youtube.com/watch?v=ffR-XjkO1iY &feature=related Robie jumps over Pepsi trucks
http://www.youtube.com/watch?v=Pfph7tbbjF0&feature=related Robie jumps
http://www.youtube.com/watch?v=Ao-H4wOoh9Q&feature=related Eddie Kidd, jump shot from a helmut
camera, many other jumps, plus surf music --- who could want more?
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ee Brearley, M. N., "Motorcycle long jump,” Mathematical Gazette, 65, 167-171 (1981)

1.82 Skateboards
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

Video

http://www.youtube.com/watch?v=3_1Y8UoLlu4 Burnquist: A ramp eight stories tall!
http://www.youtube.com/watch?v=2ijzj2mPtq0 Burnquist: Jump into the Grand Canyon!
http://www.youtube.com/watch?v=BDla-x-14Hc Burnquist: Skateboarding in a pipe, upside down!
http://www.youtube.com/watch?v=S5jwbgiRUbk&mode=related&search= Lots of stunts by Burnquist
http://www.youtube.com/watch?v=bGswbkRkDdIl Burnquist drives the announcers wild
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http://www.youtube.com/watch?v=BdamrGj7bsqg Great Wall of China
http://www.youtube.com/watch?v=2h8N76hSIX8 Great ollie
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eee Hubbard, M., "Lateral dynamics and stability of the skateboard,” Journal of Applied Mechanics ASME,
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eee Hubbard, M., "Human control of the skateboard,"” Journal of Biomechanics, 13, No. 9, 745-754 (1980)
¢ Broadt, B., C. Necochea, and S. P. Jacobsen, "What's an ollie?" Physics Teacher, 29, 498-499 (1991)
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1.83 Pitching horseshoes
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=P6R7ghsrbG0&mode=related&search=Video
http://www.youtube.com/watch?v=6y6Y YrkQ7r8&mode=related&search= Video showing a few throws.
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Dots e through eee indicate level of difficulty
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o Gilbert, B., "Pitchin’ shoes," Sports Illustrated, 61, 72-73 (24 September 1984)

1.84 Spinning Hula-Hoops and lassos
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=uGXnC18nITg Video, Elena Lev in Cirque du Soleil, superb
http://www.youtube.com/watch?v=s30KylueUgU Video of Hula Hoop Man on the Steve Harvey show
http://www.youtube.com/watch?v=2yS601kYQAc Video spinning lasso
http://www.shannonwoodward.com/hula%20hoop.jpg Hula hoop
http://markwoodfunshow.com/images/Copy%200f%20large-lasso-for-press-kit.jpg Lasso
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eee Balasubramanianm, R., and M. T. Turvey, “Coordination modes in the multsegmental dynamics of hula hooping,”
Biological Cybernetics, 90, 176-190 (2004)

ee Cluff, R., D. G. E. Robertson, and R. Balasubramaniam, “Kinetics of hula hooping: An inverse dynamics analysis,”
Human Movement Science, 27, 622-635 (2008)

eee Belyakov, A. O, and A. P. Seyranian, “The hula-hoop problem,” Doklady Physics, 55, 99-104 (2010)

eee Seyranian, A. P., and A. O. Belyakov, “How to twirl a hula hoop,” American Journal of Physics, 79, No.
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1.85 Yo-yo
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

Videos

http://www.youtube.com/watch?v=pjloB2xPmhQ
http://www.youtube.com/watch?v=sngF_FEizWs
http://www.youtube.com/watch?v=XvG3IK-hzRs&mode=related&search=

Sites devoted to yo-yos
http://www.topmuseum.org/ Museum of tops, gyroscopes, and yo-yos.
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32, No. 3, 185-187 (May 1997)
¢ Weiss, P., “Reinventing the yo-yo,” Science News, 165, No. 16, 250-252 (17 April 2004)

1.86 Unwinding a yo-yo
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.
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The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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1.87 Driving through the sound barrier
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

Videos

http://www.youtube.com/watch?v=LKQ-xj5C2m8 The car Thurst SSC breaks the sound barrier and sets the
land speed record. Montage of images of the car, its preparation, and the actual runs, including audio. You
can hear the car’s sonic boom!

http://www.youtube.com/watch?v=gaGO-we-Fag&mode=related&search= Soon after the supersonic car
passes the camera, we hear the shock wave.

http://www.youtube.com/watch?v=frOKdxhYgfY &mode=related&search=  Video from the car and audio
from the driver as he sets the land speed record

References
Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
o Fischetti, M, “Breaking the sound barrier . . .,” Technology Review, 99, No. 6, 52-62 (August-September
1996)
¢ [Anom], “Rendezvous at Black Rock,” Welding & Metal Fabrication, 64, No. 8, 34-35 (August/September
1996)
e [Anom], “Dunlop Aviation celebrates Thrust SSC new world land speed record,” Materials & Design, 18,
No. 2, 115 (1997)
o Stix, G., “Driving to Mach 1,” Scientific American, 277, No. 4, 94-97 (October 1997)
e Tinham, B., “Going supersonic,” Control and Instrumentation, 29, No. 9, 52-53 (September 1997)
e Webb, A., “Good day at Black Rock,” IEE Review, 44, No. 1, 17-19 (January 1998)
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ee Halliday, D., R. Resnick, and J. Walker, Fundamentals of Physics, John Wiley & Sons, 7" edition, 2005,
page 278
e Cohen, D., “The 1000 mph car,” New Scientist, 204, No. 2735, 38-40 (21 November 2009)

Related reference
¢ Johnsen, M. R., “Shoot-out at Black Rock: the quest for the world land speed record,” Welding Journal, 76,
No. 8, 33-37 (August 1997)

1.88 Short story: Spin test explosion
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

www.testdevices.com Look for the videos of a disc spinning apart

References

Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
e Sonnichsen, H. E., “Ensuring spin test safety,” Mechanical Engineering, 115, No. 12, 72-77 (December
1993)
ee Halliday, D., R. Resnick, and J. Walker, Fundamentals of Physics, John Wiley & Sons, 6™ edition,
2001/2003, page 229; 7" edition, page 255
e Strubhar, J. L., R. C. Thompson, T. T. Pak, J. J. Zierer, J. H. Beno, and R. J. Hayes, “Lightweight containment
for high-energy rotating machines,” IEEE Transactions on Magnetics, 39, No. 1, 378-383 (January 2003)

1.89 Kayak roll
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=jSoQj_oaclQ&feature=related
http://www.youtube.com/watch?v=_mm7dL11658
http://www.youtube.com/watch?v=34KdMDe6iSo&feature=PlayList&p=3D573117E6A94403&index=3
back deck sweep roll
http://www.youtube.com/watch?v=Dguv1CdEJXQ&feature=PlayList&p=3D573117E6A94403&index=4 C
to Croll

http://www.youtube.com/watch?v=dEd2Z4dMiJc&feature=PlayL ist&p=3D573117E6A94403&index=6
hybred roll

http://www.youtube.com/watch?v=ff te yjcHM&feature=PlayList&p=3D573117E6A94403&index=7 twist
and slice roll

http://www.youtube.com/watch?v=tMXbFXmaCfM&feature=related
http://www.youtube.com/watch?v=CbwCU7LuY6Q&feature=related
http://www.youtube.com/watch?v=Zst8VESE_-U&feature=related
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http://www.youtube.com/watch?v=8HiBIHQzGIY &feature=related
http://www.youtube.com/watch?v=YjL obTjpFFc&feature=related does not always work

http://www.youtube.com/watch?v=jfxVDX010Q9E&feature=PlayL ist&p=3D573117E6A94403&index=9

http://www.savagesnow.com/whitewater kayaking/pdhtml kayak paddling/pd011 kayak roll.html Click to
activate videos

References
Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
e Sindelar, J., "The physics of the kayaker's Eskimo roll,” American Whitewater Journal, 16, No. 4 (winter
1971)
¢ Nordby, W., "Sea kayaks," Oceans, 17, 8-13 (September 1984)

1.90 Curling
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://archives.cbc.ca/IDCC-1-41-550-2826/sports/curling/ Jay Ingram and me, audio clip from Quirks and
Quarks on the CBC Radio Network

http://www.youtube.com/watch?v=0YhMkMoBBno&feature=related
http://www.youtube.com/watch?v=xfVx1-emCV8&feature=related

http://www.youtube.com/watch?v=dXeXNHRPMMI

http://www.youtube.com/watch?v=gxmrH201A2Q&feature=related
http://www.nashvillecurling.org/media.htm Home page of the Nashville Curling Club, with several links,
including the audio of me on Quirks and Quarks.

http://www.sweepmag.com/Archive.html CBC archive about curling, including that audio of me.
http://www.curlingbasics.com/ Animated introduction to curling
http://www.trempealeaucountytourism.com/Centerville,%20Wisconsin_files/Centerville%20curling.jpg
Photo
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e Harrington, E. L., "An experimental study of the motion of curling stones," Transactions of the Royal Society
of Canada, 8, 247-259 (1924)
eee Johnston, G. W., "The dynamics of a curling stone,” Canadian Aeronautics and Space Journal, 27, 144-
160 (1981)
eee Voyenli, K., and E. Eriksen, "On the motion of an ice hockey puck,” American Journal of Physics, 53,
1149-1153 (1985)
¢ Daniels, J. M., (letter) "Comment on ‘On the motion of an ice hockey puck’,” American Journal of Physics,
54, 777-778 (1986); response by K. Voyenli and E. Eriksen, American Journal of Physics, 54, 778 (1986)
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eee Govyal, S., A. Ruina, and J. Papadopoulos, “Planar sliding with dry friction. Part 2. Dynamics of motion,”
Wear, 143, 331-352 (1991)

eee Shegelski, M. R. A, R. Niebergall, and M. A. Walton, “The motion of a curling rock,” Canadian Journal
of Physics, 74, 663-670 (1996)

¢ Shegelski, M., R. Niebergall, and M. Walton, “Curl guide,” Physics World, 10, No. 6, 19 (June 1997)

eee Denny, M., “Curling rock dynamics,” Canadian Journal of Physics, 76, 295-304 (1998)

eee Shegelski, M. R. A., M. Reid, and R. Niebergall, “The motion of rotating cylinders sliding on pebbled
ice,” Canadian Journal of Physics, 77, 847-862 (1999)

eee Shegelski, M. R. A., and M. Reid, “Comment on: curling rock dynamics --- The motion of a curling rock:
inertial vs. noninertial reference frames,” Canadian Journal of Physics, 77, 903-922 (1999)

ee Denny, M., “Reply to comment on: curling rock dynamics --- The motion of a curling rock: inertial vs.
noninertial reference frames,” Canadian Journal of Physics, 77, 923-926 (1999)

eee Shegelski, M. R. A., and R. Niebergall, “The motion of rapidly rotating curling rocks,” Australian Journal
of Physics, 52, No. 6, 1025-1038 (1999)

eee Shegelski, M. R. A., “The motion of a curling rock: analytical approach,” Canadian Journal of Physics,
78, No. 9, 857-864 (2000)
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3, 332-339 (March 2001)
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Journal of Physics, 79, 841-846 (2001)
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1014 (2002)
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displacements,” Canadian Journal of Physics, 80, 141-147 (2002)

eee Denny, M., “Comment on ‘The motion of a curling rock’,” Canadian Journal of Physics, 81, 877-881
(2003)

eee Shegelski, M. R. A., and R. Niebergall, “Reply to the comment on ‘The motion of a curling rock’,”
Canadian Journal of Physics, 81, 883-888 (2003)

eee Jensen, E. T., and M. R. A. Shegelski, “The motion of curling rocks: Experimental investigation and
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eee Denny, M., “Comment on ‘On the motion of an ice hockey puck,” by K. Voyenli and E. Eriksen [Am. J.
Phys. 53 (12), 1149-1153 (1985)],” American Journal of Physics, 74, No. 6, 554-556 (June 2006)

eee Marmo, B. A., I. S. Farrow, M-P. Buckingham, and J. R. Blackford, “Frictional heat generated by
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Proceedings Part L, Journal of Materials, Design and Applications, 220, No. L4, 189-197 (October 2006)

1.91 Tightrope walk
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://easybartricks.com/balancing-coin.html

Videos
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http://www.youtube.com/watch?v=Ts9LZGFUKkgk Video documentary on tightrope walking
http://www.youtube.com/watch?v=6ddpV1GvF7E&feature=related Phillipe Petit walks a line between the
twin towers of the World Trade Center

http://www.youtube.com/watch?v=2ynvT1zOvkI&feature=related Animated story about Petit’s walk
http://www.youtube.com/watch?v=IAVj21VC9ko&feature=related News report and video of Petit’s walk
http://www.youtube.com/watch?v=u5jdOnZKSNQ&feature=related television news story plus archived
video of other walks, including walking backward
http://www.youtube.com/watch?v=6keJEhVOQWRY &feature=related more television coverage

http://www.youtube.com/watch?v=yu7S8JuRMXM&mode=related&search= Funny video on tightrope
walking
http://www.youtube.com/watch?v=_Qy3fLz1thg Michael Rosman walks a burning tightrope

Photos

http://www.ananova.com/news/story/sm_2021396.html Tightrope walker 400 meters above the ground, on
cable-car cable

http://www.bloggingmontreal.net/images/april06/tightRopel.jpg Photo
http://nymag.com/images/news/01/09/wtc_4 300x400.jpg Photo
http://www.darylscience.com/Demos/TightRope.html Instructions from Newton’s Apple television show

References

Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
o Russell, A., ed., "Tightrope and wire walkers,” The Guinness Book of Records, Bantam Books, 1988, page
478

1.92 Bull riding
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=ibR9Y 1D9btg Video bull riding, some pretty, some not so pretty
http://www.youtube.com/watch?v=nHQiJ_9TH9w More video
http://www.sights-and-culture.com/America/rodeo-bull-riding.jpg Photo
http://www.billybobstexas.com/bullriding.htm Live bull riding inside Billy Bob’s Texas nightclub in Fort
Worth, Texas, where | grew up.

References
Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
¢ Brancazio, P. J., Sport Science: Physical Laws and Optimum Performance, Simon and Schuster, 1984, ISBN
0-671-45584-2, pages 144-147
e Thomson, K. S., “Marginalia,” American Scientist, 75, No. 1, 69-71 (January-February 1987)

Related references
e Ball, J. A, (letter) “How to sit on a motorcycle,” American Scientist, 75, No. 3, 430 (May-June 1987)
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ee Peham, C., T. Licka, M. Kapaun, and M. Scheidl, “A new method to quantify harmony of the horse-rider
system in dressage,” Sports Engineering, 4, 95-101 (2001)

e Peham, C., T. Licka, H. Schobesberger, and E. Meschan, “Influence of the rider on the variability of the
equine gait,” Human Movement Science, 23, 663-671 (2004)

1.93 Tearing toilet paper
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

References
Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages

none

Related reference
eee Knuth, D., "The toilet paper problem,” American Mathematical Monthly, 91, 465 (1984)

1.94 Skipping stones and bombs
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=ICRIsjJFRNo&feature=related 1954 movie The Dambusters. Here is the
part about the attack on the first dam.

http://www.youtube.com/watch?v=IM1VGwOwM7k&feature=related Here is the part of the 1954 movie
that shows the attack on the second dam

http://www.youtube.com/watch?v=030hMEZ-d3I&feature=related Video of original testing, including one
where the bomb exploded the airplane

http://www.youtube.com/watch?v=qrNO0iVJjLgU Documentary, including original footage of the early test
of the bouncing bombs and comparison between the spherical and cylindrical versions of the bomb.
http://www.youtube.com/watch?v=fsvUhSzdngg&feature=related Very good documentary; includes a map
showing the flight plans

http://www.youtube.com/watch?v=93AQQ9qYo0Qo The German version of the bouncing bomb

Dmbusters anniversary in May 2008

http://news.bbc.co.uk/2/hi/uk_news/7404052.stm video news item about the anniversary, with a Lancaster
airplane flying by

http://news.bbc.co.uk/2/hi/uk_news/7405514.stm video from the cockpit of the Lancaster airplane during
anniversary flyby

http://news.bbc.co.uk/2/hi/uk_news/7404447.stm News item about the dambusters
http://www.dambusters.org.uk/index.htm Dambusters web site
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http://www.youtube.com/watch?v=cAYApK7iRBU&NR=1 Slow motion. Blurry at first but the final stages
are fairly clear. Note how the stone maintains its orientation (it does not flip over with each skip). That
orientation is stabilized by the spin, much like spin stabilizes the upright orientation of a top.
http://www.youtube.com/watch?v=xwQsoop6-tA&NR=1 Teaches stone skipping
http://www.youtube.com/watch?v=HtOVF4nzJ8k Teaches stone skipping
http://www.youtube.com/watch?v=iceK8d8ngYo Stone skipping
http://www.youtube.com/watch?v=1KxdqdrifWk&NR=1
http://www.youtube.com/watch?v=xM1laydr4dHXw&feature=related Very long skipping path
www.pastoneskipping.com/Steiner.htm

A video of Kurt Steiner setting the world’s record of 40 skips
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¢ Stong, C. L., ed., "Amateur Scientist," Scientific American, 198, 126-138 (April 1958); see pages 136-138
¢ Stong, C. L., The Amateur Scientist, Simon & Schuster, 1960, pages 561-563
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Scientific American, 219, 112-119 (August 1968)
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e Tubbs, D. B., Lancaster Bomber, Ballantine Books, 1972, pages 82-95
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¢ Crane, H. R., "What can a dimple do for a skipping stone™ in "How Things Work," Physics Teacher, 26,
300-301 (1988)
e Stinner, A., "Physics and the dambusters,” Physics Education, 24, 260-267 (1989)
eee Bocquet, L., “The physics of stone skipping,” American Journal of Physics, 71, No. 2, 150-155 (February
2003)
e Dume, B., “How do stones skip?” Physics World, 16, ?? (January 2003)
ee Clanet, C., F. Hersen, and L. Bocquet, “Secrets of successful stone-skipping,” Nature, 427, No. 6969, 29
(1 January 2004)
eee Nagahiro, S., and Y. Hayakawa, “Theoretical and numerical approach to “magic angle” of stone skipping,”
Physical Review Letters, 94, article # 174501 (4 pages) (6 May 2005)
eee Rosellini, L., F. Hersen, C. Clanet, and L. Bocquet, “Skipping stones,” Journal of Fluid Mechanics, 543,
137-146 (2005)
e Bocquet, L., and C. Clanet, “The mystery of the skipping stone,” Physics World, 19, No. 2, 29-31 + front
cover (February 2006)

www.pastoneskipping.com/Steiner.htm
A video of Kurt Steiner setting the world’s record of 40 skips

1.95 Spinning ice skater
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.
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The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=5JaMJUdvoZI|&feature=related
http://www.youtube.com/watch?v=gQhf7WSUsGE &feature=related
http://www.youtube.com/watch?v=XJk1Tryl5QU&feature=related a new spinning move
http://www.youtube.com/watch?v=AQLtcEAGIVO Setting the Guinness record for the spin rate: 308 rpm
Natalia Kanounnikova

http://www.youtube.com/watch?v=AzwfiUf TBE Stephane Lambiel montage and then instruction
http://www.youtube.com/watch?v=NtEnEeEyw_s Sasha Cohen spinning
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Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
eee Bauman, R. P., "Visualization of the Coriolis force,” American Journal of Physics, 38, 390-391 (1970)
ee Griffing, D. F., The Dynamics of Sports: Why That's the Way the Ball Bounces, Dalog Co., 1982 (P. O. Box
243, Oxford, Ohio, USA 45056)
o Walker, J., "How to get the playground swing going: a first lesson in the mechanics of rotation" in "The
Amateur Scientist,” Scientific American, 260, 106-109 (March 1989)

1.96 Spinning a book
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

These videos show a book spun on a finger or some other point-like object. The spinning is stable and can be
“pumped” like a spinning lasso.

http://www.youtube.com/watch?v=cpRkhrn3scM

http://www.youtube.com/watch?v=aAKqj9liwus
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¢ Pohl, R. W., Physical Principles of Mechanics and Acoustics, Blackie & Son, London, 1932, page 115
¢ Hart, J. B., "Great ellipsoids of inertia and space physics," Physics Teacher, 6, 118-122 (1968)
eee Kane, T. R, and D. R. T. Filho, "Instability of rotation about a centroidal axis of maximum moment of
inertia," AIAA Journal, 10, 1356-1358 (1972)
o Walker, J., "Why does a spinning book wobble?" Physics Teacher, 19, 57 (1981)
eee Colley, S. J., "The tumbling box,” The American Mathematical Monthly, 94, 62-68 (1987)
ee L ock, J., "An alternative approach to the teaching of rotational dynamics,” American Journal of Physics,
57, 428-432 (1989)
eee Amengual, A., “On a simple experiment on the free rotation of a ruler and other laminas,” American
Journal of Physics, 64, No. 1, 82-87 (January 1996)

1.97 Falling cat, astronaut antics, and fancy diving
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This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.
The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=RHhXbOhK hs&feature=related excellent falling cat slow-motion video
http://www.youtube.com/watch?v=Ua4Gh_4XdwQ&NR=1 falling cat in slow motion
http://www.youtube.com/watch?v=eP6 AJXprOXc&mode=related&search= Cirque du Soleil, rotations in
midair

http://www.youtube.com/watch?v=185GyQIlhBsE&mode=related&search= More rotations from Cirque du
Soleil. Stunning. So difficult that I get nervous just watching the video.
http://www.youtube.com/watch?v=o0kH_|ZGPHXE&mode=related&search= Video, excellent break
dancing.

http://www.youtube.com/watch?v=hXjYuipQUEk&NR=1 Video of martial arts performer. Watch the back
jumps, which consist of rotation around both the vertical axis and the horizontal axis.
http://www.gobaeng.de/images/products/tp163.jpg The famous sequence of photos of a falling cat,
published (I believe) in Life Magazine in the 1950s.

http://www.damninteresting.net/content/falling_cat.jpg A more recently shot sequence of photos
http://www.ocf.berkeley.edu/~barneye/Kitty.html Strobe photos and discussion
http://www.usa-gymnastics.org/publications/technique/1997/2/twisting.html Essay on the biomechanics of
twisting

falling cat:

http://www.youtube.com/watch?v=_g_ULVhyflg&feature=related skip the commercial at the start. 80 ft
fall. Watch the tail.

http://www.youtube.com/watch?v=ZRZimLYiO9Y Here is the same fall but with footage after the fall to
show that the cat is (probably) ok.
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o Miller, D. 1., and C. F. Munro, "Greg Louganis' springboard takeoff I: temporal and joint position analysis,"
International Journal of Sport Biomechanics, 1, 209-220 (1985)
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¢ Radetsky, P., "The man who mastered motion," Science 86, 7, 52-60 (May 1986)
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Allman, eds., Charles Scribner's Sons, 1987, pages 145-149
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e Takei, Y., "Techniques used by elite gymnasts in the 1992 Olympic compulsory dismount from the
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Motion 91

eee Yeadon, M. R., and M. J. Hiley, “The mechanics of the backward giant circle on the high bar,” Human
Movement Science, 19, 153-173 (2000)

e Murtaugh, K., and D. I. Miller, “Initiating rotation in back and reverse armstand triple somersaults tuck
dives,” Journal of Applied Biomechanics, 17, 312-325 (2001)

ee Miller, D. I, and E. J. Sprigings, “Factors influencing the performance of springboard dives of increasing
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¢ King, M. A, and M. R. Yeadon, “Maximizing somersault rotation in tumbling,” 37, 471-477 (2004)

Related references

e Carrier, D. R., R. M. Walter, and D. V. Lee, “Influence of rotational inertia on turning performance of
theropod dinosaurs: clues from humans with increased rotational inertia,” Journal of Experimental Biology,
204, 3917-3926 (2001)

ee Hiley, M. J., and M. R. Yeadon, “Swinging around the high bar,” Physics Education, 36, 14-17 (2001)

ee Henderson, D. M., and E. Snively, “Tyrannosaurus en pointe: allometry minimized rotational inertia of
large carnivorous dinosaurs,” Proceedings of the Royal Society of London B. Biological Sciences, 271,
Supplement 3, S57-S60, (7 February 2004)

o Griffiths, 1. W., J. Watkins, and D. Sharpe, “Measuring the moment of inertia of the human body by a rotating
platform method,” American Journal of Physics, 73, No. 1, 85-93 (January 2005)

See also the references under "Ballet.”

1.98 Quadruple summersault
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=PaStgxC5LOM&NR=1 Bruno Vargas does a quadruple
http://www.youtube.com/watch?v=h5VgL Xilt6k And he does it again.
http://www.youtube.com/watch?v=Un-3Zg7I1sE Double summersault

References

Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
¢ Clarke, G., ""They caught the quad!™ Time, 120, 63 (26 July 1982) 1982
e Davlin, C. D., W. A. Sands, and B. B. Shultz, “The role of vision in control orientation in a back tuck
somersault,” Motor Control, 5, 337-346 (2001) 2001
ee Halliday, D., R. Resnick, and J. Walker, Fundamentals of Physics, John Wiley & Sons, 6™ edition,
2001/2003, pages 245, 263-264 2001

Related reference
o Griffiths, 1. W., J. Watkins, and D. Sharpe, “Measuring the moment of inertia of the human body by a rotating
platform method,” American Journal of Physics, 73, No. 1, 85-93 (January 2005) 2005
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1.99 Tumbling toast
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=q5CvMqgYfNhA funny advertisement
http://www.youtube.com/watch?v=IBpv_ODy28w&feature=related behind the scenes

References

Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
eee Matthews, R. A. J., “Tumbling toast, Murphy’s law and the fundamental constants,” European Journal of
Physics, 16, 172-176 (1995)
¢ Steward, 1., “The anthropomorphic principle,” in “Mathematical recreations,” Scientific American, 273, No.
6, 104-105, (December 1995)
e Matthews, R. A. J., “The science of Murphy’s law,” Scientific American, 276, No. 4, 83-91 (April 1997)
ee Stevenson, W., and M. E. Bacon, “More on falling toast,” Physics Teacher, 35, 484-485 (November 1997)
eee Bacon, M. E., G. Heard, and M. James, “A closer look at tumbling toast,” American Journal of Physics,
69, No. 1, 38-43 (January 2001)

1.100 Ballet
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.studio360.org/episodes/2007/10/19/segments/87060 National Public Radio show “Studio 360"
Newstory and interview about Ken Laws, who is the first and the foremost person to explain the physics of
ballet. (You may have to allow a popup here.)

Video

http://www.youtube.com/watch?v=UaKWStmg7mM&mode=related&search= 36 pirouettes!
http://www.youtube.com/watch?v=5xgTrWHs6iY &mode=related&search= Sleeping Beauty
http://www.youtube.com/watch?v=NcjXMK9UsTc Video montage
http://www.youtube.com/watch?v=82hA6HJZNcU

http://www.youtube.com/watch?v=1Zh3lykqMn8 Pirouettes video
http://www.geocities.com/CapeCanaveral/Hangar/4421/ Web site devoted to the physics of ballet dancing,
by Sheila Dodge

http://web.hep.uiuc.edu/home/g-gollin/dance/dance_physics.html Web site of physics and dance by
Professor George Gollin
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Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
e Laws, K., "An analysis of turns in dance,” Dance Research Journal, 11, nos. 1 and 2 (1978-79)
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o Walker, J., "The essence of ballet maneuvers is physics" in "The Amateur Scientist," Scientific American,
246, 118-125 + 154 (June 1982); reprinted in J. Walker, Roundabout: The Physics of Rotation in the Everyday
World, Freeman, 1985, pages 26-32

¢ Lightman, A., "Pas de deux," Science 83, 4, 33 (March 1983)

e Laws, K., The Physics of Dance, Schirmer Books, 1984

e Laws, K., "Physics and dance," American Scientist, 73, 426-431 (1985)

e Laws, K., "The physics of dance," Physics Today, 38, 24-31 (February 1985)

e Makous, M., and K. Laws, (letters) “Physics of dance,” Physics Today, 38, 11 + 13 (December 1985)

e Edwards, M. H., "Zero angular momentum turns," American Journal of Physics, 54, 846-847 (1986)

e Squire, P., (letter) "Feline infelicity?,” Physics Bulletin, 37, 480 (1986)

e Cooke, P., "Physics on the high dive,"” in Newton at the Bat, E. W. Schrier and W. F. Allman, editors,
Scribner's Sons, 1987, pages 145-149

e Laws, K., "Comment on 'Zero angular momentum turns'," American Journal of Physics, 56, 81 (1988)

e Edwards, M. H., "Reply to 'Comment on zero angular momentum turns'," American Journal of Physics, 56,
81-82 (1988)

o Winfrey, P., "People in a spin,” Exploratorium Quarterly, 12, 2-7 (winter 1988)

e Owen, V. A,, and J. S. S. Whiting, "The physics of some dance movements," Physics Education, 24, 128-
132 (1989)

e Laws, K., and C. Harvey, Physics, Dance, and the Pas de Deux, Schirmer Books, 1994

¢ Kunzig, R., “The physics of ... ballet,” Discover, 20, No. 11, 49-50 (November 1999)

¢ Laws, K., Physics and the Art of Dance: Understanding Movement, Oxford University Press, 2005

e Laws, K., and M. Lott, “Resource letter PoD-1: The physics of dance,” American Journal of Physics, 81,
No. 7, 7-13 (January 2013)

Related reference
o Griffiths, 1. W., J. Watkins, and D. Sharpe, “Measuring the moment of inertia of the human body by a rotating
platform method,” American Journal of Physics, 73, No. 1, 85-93 (January 2005)

1.101 Skiing
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

References
Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
e Swinson, D. B., "How to do a real wheelie,” Skiing Scene, page 85 (October 1971)
eee Shonle, J. I, and D. L. Nordick, "The physics of ski turns,” Physics Teacher, 10, 491-497 (1972)
ee Swinson, D. B., "Skiing and angular momentum: a proposed experiment,” Physics Teacher, 11, No. 7, 415-
417 (October 1973)
eee Morawski, J. M., "Control systems approach to a ski-turn analysis,” Journal of Biomechanics, 6, 267-279
(1973)
o Wilde, R., "Take a cool turn for pleasure,” New Scientist, 84, 936-938 (1979)
¢ Perlman, E., "Anatomy of a ski," Science 85, 6, 90-91 (January/February 1985)
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oo Bartlett, A. A., and P. G. Hewitt, "Why the ski instructor says, 'Lean forward!"," Physics Teacher, 25, 28-
31 (1987)

ee Swinson, D. B., "Physics and skiing," Physics Teacher, 30, 458-463 (1992)

eee Hirano, Y., and N. Tada, “Mechanics of a turning snow ski,” International Journal of Mechanical Sciences,
36, No. 5, 421-429 (May 1994)

eee Hirano, Y., and N. Tada, “Numerical simulation of a turning alpine ski during recreational skiing,”
Medicine and Science in Sports and Exercise, 28, No. 9, Supplement, 1209-1213 (September 1996)

ee Glenne, B., A. DeRocco, and J. Vandergrift, “The modern Alpine ski,” Cold Regions Science and
Technology, 26, 35-38 (1997)

ee Lind, D., and S. P. Sanders, The Physics of Skiing: Skiing at the Triple Point, American Institute of Physics,
ISBN 1-56396-319-1 (1997)

e Muller, E., R. Bartlett, C. Raschner, H. Schwameder, U. Benko-Bernwick, and S. Lindinger, “Comparisons
of the ski turn techniques of experienced and intermediate skiers,” Journal of Sports Sciences, 16, No. 6, 545-
559 (1998)

eee Sakata, T., and M. Tsukiyama, “Effects of position of shoe center on ski turn,” JSME International Journal.
Series C. Dynamics, Control, Robotics, Design and Manufacturing, 42, No. 4, 922-929 (1999)

¢ Glenne, B., A. DeRocco, and G. Foss, “Ski and snowboard vibration,” Sound and Vibration, 33, No. 1, 30-
33 (January 1999)

ee Yoneyama, T., H. Kagawa, A. Okamoto, and M. Sawada, “Joint motion and reacting forces in the carving
ski turn compared with the conventional ski turn,” Sports Engineering, 3, 161-176 (2000)

ee Sahashi, T., and S. Ichino, “Carving-turn and edging angle of skis,” Sports Engineering, 4, 135-145 (2001)
eee Tada, N., and Y. Hirano, “In search of the mechanics of a turning alpine ski using snow cutting force
measurements,” Sports Engineering, 5, 15-22 (2002)

eee Jentschura, U. D., and F. Fahrbach, “Physics of skiing: the ideal-carving equation and its applications,”
Canadian Journal of Physics, 82, 249-261 (2004)

Related references

ee Gervais, P., and C. Wronko, "The marathon skate in Nordic skiing performed on roller skates, roller skis,
and snow skis," International Journal of Sport Biomechanics, 4, 36-48 (1988)

ee Swinson, D. B., “Physics and snowboarding,” Physics Teacher, 32, No. 10, 530-534 (December 1994)

1.102 Abandoned on the ice
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

References
Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
¢ Routh, E. J., Dynamics of a System of Rigid Bodies, Part 1, Dover, New York, 1960, pages 237-238

Also see the references for the preceding two items.

1.103 Short story: Rotation sequence matters
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.
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The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

References

Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
ee Halliday, D., R. Resnick, and J. Walker, Fundamentals of Physics, John Wiley & Sons, 6" edition, 2003,
pages 220-221; 7" edition, 2005, pages 246-247

1.104 Personalities of tops
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

Videos

http://www.youtube.com/watch?v=LDXAhwhsZ9k Wonderful video, lots of different types of tops
http://www.youtube.com/watch?v=hwY8zS4zGsg Paper clip tops
http://www.youtube.com/watch?v=IH8YvO1uPhY The Thai spinning top
http://www.youtube.com/watch?v=AC5HUGGIX7k&mode=related&search= The rotation turns on LEDs,
which light up the top

http://www.youtube.com/watch?v=7e XEMIMuesU Music set to a spinning top
http://www.youtube.com/watch?v=Fhr-OAARUAY With the right amount of English, a pool ball spins for 26
seconds

The paper “Why does not spinning top collapse?” by W.-Y. Hwang is at http://arxiv.org In the search line
at the upper right, type in  physics/0602078v2
and then choose the latest version.

Sites devoted to tops

http://www.topmuseum.org/ Museum of tops, gyroscopes, and yo-yos.
http://www.maths.surrey.ac.uk/interactivemaths/michaelspages/Spin.htm  Equations of motion but, even
better, an applet that allows you to choose the parameter values and then shows the resulting motion
http://www.geocities.com/athens/aegean/7680/ Click on the various buttons
http://folk.uio.no/knuthe/top/links.html Lots of links to collections of tops
http://www.4physics.com/phy_demo/top/top.html  Disccusion. Click on the video links to see smooth
precession and nutation

http://www.papersnowflakes.com/tops.htm Make a top with an old audio CD.
http://www.thinkingfountain.org/t/tops/tops.html Make a top with home materials.
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Dots e through eee indicate level of difficulty
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Book reference style: author, title, publisher, date, pages
e Paris, J. A., Philosophy in Sport Made Science in Earnest, 9th ed., John Murray, 1861, pages 110-113
eee Ames, J. S., and F. D. Murnaghan, Theoretical Mechanics: An Introduction to Mathematical Physics,
Ginn, 1929, pages 231-255
eee Page, L., Introduction to Theoretical Physics, 2nd ed., D. Van Nostrand, 1935, pages 132-147
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eee Deimel, R. F., Mechanics of the Gyroscope: The Dynamics of Rotation, Dover, 1950, pages 75-106

eee Brown, A., "Motion of a top: a criterion for loop motion," Mathematical Gazette, 42, 129-131 (1958)
eee Gray, A., Treatise on Gyrostatics and Rotational Motion, Dover, 1959, Chpt 1

eee \Webster, A. G., The Dynamics of Particles and of Rigid, Elastic, and Fluid Bodies: Being Lectures on
Mathematical Physics, 2nd ed., Dover, 1959, pages 275-316

eee MacMillan, W. D., Dynamics of Rigid Bodies, Dover, 1960, pages 239-249

eee Crabtree, H., An Elementary Treatment of the Spinning Tops and Gyroscopic Motion, Chelsea, New York,
1967

eee Armstrong, H. L., “On the precession and nutation of gyroscopes,” American Journal of Physics, 35, 883-
885 (1967)

e Gould, D. W., The Top: Universal Toy, Enduring Pastime, Clarkson N. Potter, Inc., distributed by Crown
Publishers, reprinted 1973

eee Hirschhorn, J., "Nutation and the build-up of precession,” The International Journal of Mechanical
Engineering Education, 4, 265-272 (1976)

ee Case, W., "The gyroscope: an elementary discussion of a child's toy," American Journal of Physics, 45,
1107-1109 (1977)

eee Edwards, P. L., "A physical explanation of the gyroscope effect,” American Journal of Physics, 45, 1194-
1195 (1977)

eee Stefanini, L., "Behavior of a real top," American Journal of Physics, 47, 346-350 (1979)

¢ Higbie, J., "Precession of a gyroscope,” Physics Teacher, 18, 210 (1980)

eee Burger, W., "Elementary dynamics of simple mechanical toys,” Mitteilungen der Gesellschaft fur
Angewandte Mathematik und Mechanick, 2, 21-60 (1980)

o Walker, J., "The physics of spinning tops, including some far-out ones" in "The Amateur Scientist,"
Scientific American, 244, 182-192 + 194 (March 1981); reprinted with added notes in J. Walker, Roundabout:
The Physics of Rotation in the Everyday World, Freeman, 1985, pages 39-44. (My article contains an error
that is corrected with a note in Roundabout: the frictional force in the diagram concerning friction should be
opposite what is drawn.)

ee | ea, M. J,, "Tops -- with strings attached," Physics Education, 17, 24-25 (1982)

¢ Harding, R., and R. Prigo, "The yo-yo top," Physics Teacher, 22, 36-37 (1984)

eee Boyd, J. N., and P. N. Raychowdhury, "A note on precession,"” American Journal of Physics, 53, 1103-
1104 (1985)

Davis, A. D., Classical Mechanics, Academic Press, 1986, pages 298-304

eee Snygg, J., "Expediting the spinning top problem with a small amount of Clifford algebra,” American
Journal of Physics, 54, 708-712 (1986)

e Zubrowski, B., "Tops," Exploratorium Quarterly, 12, 22-24 (winter 1988)

eee Barger, V., and M. Olsson, Classical Mechanics: A Modern Perspective, second edition, McGraw-Hill,
1995, pages 264-275

ee Bolina, O., “The precessing top,” Physics Teacher, 38, 312-313 (May 2000)

eee Moffatt, H. K., Y. Shimomura, and M. Branicki, “Dynamics of an axisymmetric body spinning on a
horizontal surface. I. Stability and the gyroscopic approximation,” Proceedings of the Royal Society of London
A, 460, 3643-3672 (2004)

eee Butikov, E., “Precession and nutation of a gyroscope,” European Journal of Physics, 27, 1071-1081 (2006)
¢ Featonby, D., “Dare we teach tops?” Physics Education, 45, No. 4, 409-420 (July 2010)

1.105 Short Story: A headstrong suitcase
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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Dots e through eee indicate level of difficulty
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1.106 Tippy tops
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

Videos

http://www.metacafe.com/watch/1042865/malfunctioning_toy tops/
http://www.youtube.com/watch?v=xu Dp9lfgSU
http://www.youtube.com/watch?v=5k-Is_ VjYKk Same but with music
http://www.youtube.com/watch?v=4-amrp2LgpA
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1.107 Spinning eggs
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=0jCBjsCIGPQ Video
http://www.youtube.com/watch?v=bgLOjkPPPfc Video, how tell a hard-boiled egg from a fresh egg by
spinning the egg
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37-38
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1.108 Diabolos
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

Videos

http://www.youtube.com/watch?v=KdybfykJERO Stunning tricks with a diabolo, here called a Chinese yo-yo
http://www.youtube.com/watch?v=2X33JRa0Fog Very difficult tricks with a diabolo, from a television show
http://www.youtube.com/watch?v=3RflIYySSoM Some of the basic tricks.
http://www.youtube.com/watch?v=b3nGUcoW4-0

http://www.youtube.com/watch?v=5N3u0o8yfco Diabolo in Paris
http://www.youtube.com/watch?v=bGelivG3Gzg Video of Joel Heidtman, juggling, yo-yos, diabolo. I really
love this stuff.
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http://www.youtube.com/watch?v=09m0OFXvy g8 Amazing tricks with multiple diabolos, some difficult to
see but some absolutely amazing.

http://www.diabolotricks.com/ Instructions on using a diabolo and doing tricks
http://www.ping.be/~ping7849/description.ntm Sketch

http://www.youtube.com/watch?v=g8olKrTMpuQ Avrtistic stage production with diabolos
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eee Crabtree, H., An Elementary Treatment of the Spinning Tops and Gyroscopic Motion, Chelsea, New York,
1967, pages 40-41, 120-121
eee Burger, W., "Elementary dynamics of simple mechanical toys,” Mitteilungen der Gesellschaft fur
Angewandte Mathematik und Mechanick, 2, 21-60 (1980)

1.109 Rattlebacks
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.shopatron.com/search/174.0?g=rattleback This link takes you to Tedco, from which you can buy
plastic rattlebacks via the internet.

demo.physics.uiuc.edu/.../1148/more%20info.html  Here is a movie that shows how the commercially
available rattlebacks will reverse direction when spun in the “wrong” direction.

http://www.youtube.com/watch?v=AcQMoZr x7Q New Scientist video
http://www.youtube.com/watch?v=0_145zVizxM bent spoon
http://www.youtube.com/watch?v=YT2t1TovNcU
http://www.youtube.com/watch?v=rUwKXujLAyk aluminum foil (I think)

http://www.youtube.com/watch?v=0fw43SgFG8w
http://www.youtube.com/watch?v=LMCN11J8WbE&playnext from=PL&feature=PlayList&p=46D9C5BF
AC30D5EB&playnext=1&index=47

http://www.youtube.com/watch?v=puaif3OTJL4&playnext from=PL &feature=PlayL ist&p=26484A269165
808A&playnext=1&index=2

http://www.youtube.com/watch?v=JKTGysN7gcA&playnext from=PL&feature=PlayList&p=26484A26916
5808A&playnext=1&index=3

http://www.youtube.com/watch?v=PydoEA5Jx5s

http://www.youtube.com/watch?v=glq5yv7UZ-

8&playnext from=PL&feature=PlayList&p=46D9C5BFAC30D5EB&playnext=1&index=46
http://www.youtube.com/watch?v=f6uMuwrCFjE

http://www.youtube.com/watch?v=bJh2wd12DC8
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1.110 Wobbling coins and bottles
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://video.google.com/videoplay?docid=-
3373325946329775094&g=¢euler+disk&total=1&start=0&num=10&s0=0&type=search&plindex=0 Watch
the video of the spinning disk (a Euler disk) and also listen to the sound it makes.
http://www.youtube.com/watch?v=6UGez] CWOs

http://www.youtube.com/watch?v=fwYPCoHMoew Trying to set the world’s record spinning a coin, with a
bit of imagination.

http://www.youtube.com/watch?v=R912ISJCLaU Slow motion video
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Mechanics, 46, 711-713 (September 1979)
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Roundabout: The Physics of Rotation in the Everyday World, Freeman, 1985, pages 45-49. My 1982 article
contains several errors that are corrected in the Roundabout article. The labels of "a" and "b" in the graph
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eee Srinivasan, M., and A. Ruina, “Rocking and rolling: A can that appears to rock might actually roll,”
Physical Review E, 78, No. 6, article # 066609 (9 pages) (December 2008)

e Sikkema, A. E., S. D. Steenwyk, and J. W. Zwart, “Spinning tubes: An authentic research experience in a
three-hour laboratory,” American Journal of Physics, 78, No. 5, 467-470 (May 2010)

1.111 Judo, aikido and Olympic wrestling
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

Aikido videos

http://www.youtube.com/watch?v=aicHsMC6rxM

http://www.youtube.com/watch?v=sJ8VLPPTuHO http://www.youtube.com/watch?v=CxdVF_R334U
http://www.youtube.com/watch?v=Bn59zha-uAQ

http://www.youtube.com/watch?v=LPx7IAIR] A

Judo videos

http://www.judoinfo.com/video.htm Videos of many competitions and throwing techniques. The later ones
are shown larger on your screen.

http://www.judoinfo.com/haraigo.htm Movie and animated series of sketches illustrating the sweeping hip
throw (harai goshi)

http://www.judoinfo.com/menu.htm Home site from which you can click to see other techniques, including
mat (ground) techniques.

http://news.bbc.co.uk/2/low/asia-pacific/911383.stm Vladimir Putin, president of Russia, is thrown to the
mat. Photos

http://www.stanford.edu/group/kenpo/photo/fall2004.shtml Standord kenpo karate club, lots of photos

http://www.youtube.com/watch?v=DA37pZzxago&NR=1 Video

http://www.youtube.com/watch?v=uPL CHw9QeAA&mMode=related&search= Video
http://www.youtube.com/watch?v=4u41omoNO4U&mode=related&search= Video
http://www.fightingarts.com/reading/get author.php?author=Jearl%20Walker =~ Two of my articles for
Scientific American were about judo and aikido and are available at this web site.
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1.112 Bullet spin, and long passes
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://abcnews.go.com/Video/playerindex?id=3139392
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1.113 Pumping playground swings
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
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The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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1.114 Incense swing
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=2QFd_55EI1l Video showing the pumping
http://www.youtube.com/watch?v=0P1R2GxpuNY Video showing the length of rope; then the pumping is
shown

http://www.youtube.com/watch?v=PkKzYQoKpG8 Video showing the wide extent of the swinging
http://www.ssaviours.org/BrunosPilgrimage/bp%20-%2099-10-
22%201Incense%20at%20Santiago%20di%20Compostela.jpg.png Photos
http://www.galiciaguide.com/Santiago-pilgrimage.html Photo plus description
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Also see the references for the preceding item.

1.115 The pendulum in the pit
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=at_uilJp5y0 Not appropriate for young viewers. Scenes from the 1960s
movie starring Vincent Price, set to music
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1.116 Inverted pendulums, unicycle riders
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

Videos

http://www.youtube.com/watch?v=8LP7JADmMVsE Covent Garden, London, unicycle. There is almost
always someone there doing this act.

http://www.youtube.com/watch?v=NRk5TT5IyR8 Inverted pendulum, stable against mild sideways
deflection

http://www.youtube.com/watch?v=gSI1XdZdLAo

http://www.youtube.com/watch?v=8HDDzKxXNMEY Double inverted pendulum
http://www.youtube.com/watch?v=RI6FbSj2SNO Double inverted pendulum
http://www.youtube.com/watch?v=uTRQ7KBYjuQ Video of unicycle riders
http://www.youtube.com/watch?v=FhHixicVS4k&mode=related&search=Cirque du Soleil, handbalancing
on canes

http://www.youtube.com/watch?v=eKhTN2Do4-4 Inverted pendulum on two wheels (should fall over)




Motion 107

http://www.youtube.com/watch?v=LhoqldU3V3g Inverted pendulum on two wheels
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1.121 The bell that would not ring
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=KROYAVMzUY1 Video of a bell that rings just fine. Look at the action
of the clapper.
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Book reference style: author, title, publisher, date, pages
ee Gray, A., and J. G. Gray, A Treatise on Dynamics, Macmillan, London, 1920, pages 409-413
ee Gray, A., Treatise on Gyrostatics and Rotational Motion, Dover, 1959, page 148.

1.122 Spaghetti effect
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=QD2UVIsRplU Video slurping spaghetti. Watch the sauce that gets slung
off
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1.123 The spider and the fly
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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1.124 Footbridge and dance floor oscillations
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=MNBun1JgDYo Bridge oscillations. Actually this looks dangerous.
http://www.youtube.com/watch?v=Grvr_0K1p4M&NR=1 Another fun loving couple out to resonant a
bridge

http://www.youtube.com/watch?v=3-kksSHBHck&NR=1 Twisting resonance
http://www.youtube.com/watch?v=xI0S_31Ubdo&NR=1 More people intent on demonstrating bridge
oscillations

http://www.youtube.com/watch?v=mWhel7gGZHY Video: Oscillating Morumbi stadium. Look at the
relative oscillations of the guard rail. My gosh!
http://www.youtube.com/watch?v=gQK215720SU&mode=related&search= Video documentary about the
Millenium Bridge oscillating

http://www.youtube.com/watch?v=eAXVa__XWZ8 Video of the Millenium Bridge oscillating, without
commentary

http://www.youtube.com/watch?v=JWDuHekqt9c Video of students and their teacher setting a footbridge
into resonant oscillations.

http://www.youtube.com/watch?v=Grvr_OK1p4AM&NR=1  Video of another footbridge in resonant
oscillation

http://jamesmuspratt.com/photography/millennium-bridge Photo
www.iwalt.com/.../the-millenium-bridge.php Photo
http://blog.sciam.com/index.php?title=rock_festival_as_human_experiment_hip_ho&more=1&c=1&th=1&
pb=1&ref=rss Report of thousands of people jumping in unison at a rock concert to see if they could trigger
seismic detectors.
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1.125 Precariously balanced structures and rocks
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

Water towers that would be precariously balanced in a seismic wave:
http://www.wilhelm-aerospace.org/Photos/summer-2005/roll-04/2790-clinton-water-tower.jpg
http://static.howstuffworks.com/gif/water-peach.jpg
http://www.aidan.co.uk/lg/UaeShjNwWaterTwr4618.jpg
http://www.youtube.com/watch?v=FXTDmLndmy4 This tower has a fairly wide “footprint” and can be
brought down for the movie being shot only when one of the legs is cut.

Precariously balanced rocks:

http://www.seismo.unr.edu/PrecRock/precrock.html Home site for research on seismology and precariously
balanced rocks. Click on “Research Projects”

http://www.seismo.unr.edu/PrecRock/gradresearch.html Photo plus description
http://www.neara.org/Moore/balancedrocks.htm Photos and discussion of naturally balanced rocks
http://gocalifornia.about.com/bl_utgsescphoto_bal.htm Photo
http://www4.flickr.com/photos/sovietuk/10490661/ Photo
http://www.terragalleria.com/pictures-subjects/balanced-rocks/ Terragalleria, photos by Q. t. Luong, natural
precariously balanced rock and balanced rock art
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1.126 Sinking of the nuclear submarine Kursk
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.walter-rockets.il2.com/hw/kursk.htm Photos plus description
http://www.whatreallyhappened.com/KURSK/kazouille 1105145222 torpille4.jpg Photo of ripped hull
http://www.aerospaceweb.org/question/weapons/submarine/kursk-wreck.jpg Another photo of hull

References

Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
e Kanamori, H., J. Mori, D. L. Anderson, and T. H. Heaton, “Seismic excitation by the space shuttle
Columbia,” Nature, 349, No. 6312, 781-782 (28 February 1991)
e Holzer, T. L., J. B. Fletcher, G. S. Fuis, T. Ryberg, T. M. Brocher, and C. M. Dietel, “Seismograms offer
insight into Oklahoma City bombing,” EOS, 77, No. 41, 393-404 (8 October 1996)
e Koper, K. D., T. C. Wallace, and D. Hollnack, “Seismic analysis of the 7 August 1998 truck-bomb blast at
the American embassy in Nairobi, Kenya,” Seismological Research Letters, 70, No. 5, 512-521
(September/October 1999)
e Ichinose, G. A., K. D. Smith, and J. G. Anderson, “Seismic analysis of the 7 January 1998 chemical plant
explosion at Kean Canyon, Nevada,” Bulletin of the Seismological Society of America, 89, 938-945 (August
1999)
¢ Wilson, A. D., “The sinking of the Russian submarine Kursk,” Sea Technology, 41, No. 12, 47-51 (December
2000)
e Koper, K. D., T. C. Wallace, S. R. Taylor, and H. E. Hartse, “Forensic seismology and the sinking of the
Kursk,” EOS, 82, No. 4, 45-46 (23 January 2001)
o Mackenzie, D., “Seismic shift,” Discover, 22, No. 9, 60-66 + 85 (September 2001)
e Perkins, S., “Science News, 159, 53 (27 January 2001)
e Perkins, S., “Ripples spread wide from Ground Zero,” Science News, 160, 324 (24 November 2001)
eee Savage, B., and D. V. Helmberger, “Kursk explosion,” Bulletin of the Seismological Society of America,
91, No. 4, 753-759 (August 2001)
ee Koper, K. D., T. C. Wallace, R. E. Reinke, and J. A. Leverette, “Empirical scaling laws for truck bomb
explosions based on seismic and acoustic data,” Bulletin of the Seismological Society of America, 92, No. 2,
527-542 (March 2002)
eee Sorrells, G., J. Bonner, and E. T. Herrin, “Seismic precursors to space shuttle shock fronts,” Pure and
Applied Geophysics, 159, 1153-1181 (2002)
e Koper, K. D., T. C. Wallace, and R. C. Aster, “Seismic recordings of the Carlsbad, New Mexico, pipeline
explosion of 19 August 2000,” Bulletin of the Seismological Society of American, 93, No. 4, pages 1427-
1432 (August 2003)
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a seismic array,” Nature, 328, 607-609 (13 August 1987)

eee Calais, E., J. B. Minster, M. A. Hofton, and M. A. H. Hedlin, “lonospheric signature of surface mine blasts
from Global Positioning System measurements,” Geophysical Journal International, 132, 191-202 (1998)



Motion 121

1.127 Detection by sand scorpion
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=TCtJ8JCsKhU Me, briefly talking about sand scorpion detection. This
was a video tease that | did for a chapter in the early electronic version of the textbook | write (Fundamentals
of Physics, by Halliday, Resnick, and Walker). Someone has posted a fuzzy copy of the video.
http://www.youtube.com/watch?v=BM5Q-3ix4T4&mode=related&search= Scorpion finding a cricket
http://www.youtube.com/watch?v=Xap9hkWOczA Video of a scorpion being held.
http://www.richard-seaman.com/Wallpaper/Nature/Horrors/GoldSandScorpion.jpg Photo of what | dreaded
as a youth in Texas

http://www.youtube.com/watch?v=xDtOI2an-QA&mode=related&search=  Video of scorpion stinging a
cricket. | think the cricket touches the right right leg of the scorpion. The tail moves too fast for me to see.
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1.128 Snow waves
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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1.129 Football-stadium wave
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=8uRMag2Y Xak Video of a football (or Mexican) wave
http://www.youtube.com/watch?v=dD ZGXToVYyY A similar wave, involving the tossing of snow
http://www.youtube.com/watch?v=HPGR4KPOdVk Another view of the “snow wave.”
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1.130 Body armor
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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1.131 Archer's paradox
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://library.thinkquest.org/27344/physics.htm Archery physics, including videos and simulations (in which
you can control the variables)

http://www.youtube.com/watch?v=aNI9BG87qcI&NR=1 Video of a wildly oscillating arrow in flight.
http://www.youtube.com/watch?v=MX6aerxQPOs&NR=1 This is a compilation of slow motion videos.
Toward the end you see the slow motion oscillation of an arrow as it snakes its way past the stock of a bow.
http://www.youtube.com/watch?v=z8uilyXHgcw Slow motion video of an arrow in flight. Look at the
arrow’s oscillation

http://www.intute.ac.uk/sciences/cgi-bin/browse.pl?id=236 Many links to sports physics
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1.132 Oscillating plants
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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1.133 Oscillating tall buildings
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=gleo6s4gQuw The mass damper in Taipei 101, which set a record for the
world’s tallest building

http://www.youtube.com/watch?v=BK-sAgBUwxk Video about installation of an active tuned mass damper
http://www.pulitzer.org/year/1996/criticism/works/CRIT-MAR3.html Article from the Boston Globe (and
winner of the 1996 Pulitzer Prize) about the windows in the John Hancock Tower in Boston.
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1.134 Diving from a springboard
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

Videos
http://www.youtube.com/watch?v=P]WMZRc3koQ
http://www.youtube.com/watch?v=ZUQ5k6gBG2c&mode=related&search= No one died
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1.135 Flycasting
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.
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The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

Videos

http://www.youtube.com/watch?v=t2SgcCw618M Lessons part 1
http://www.youtube.com/watch?v=B6h5Gd2CKEM Part 2
http://www.youtube.com/watch?v=eduCfwQLdTY Part 3
http://www.youtube.com/watch?v=908ty08EBhY Part 4
http://www.youtube.com/watch?v=oNjWnZw4yA4 Part 5
http://www.youtube.com/watch?v=zVOfBftKCJs Part 6
http://www.youtube.com/watch?v=0w6y6Kh1AtY Part 7
http://www.youtube.com/watch?v=8KvL7Fru6-U Part 8
http://www.youtube.com/watch?v=pcaTedAqgonY Part 9
http://www.youtube.com/watch?v=KGknlvbnDXQ Part 25
http://www.youtube.com/watch?v=eZbms 2go7I Part 26
http://www.youtube.com/watch?v=HfkJpkrV1ldw Part 27
http://www.youtube.com/watch?v=hiintoZYsGA Part 28

http://www.youtube.com/watch?v=m0jTY80e7RQ Fly fishing cast but tough to see the line against the
backdrop

http://www.youtube.com/watch?v=sVmsNDfZeKg&NR=1 Whip cracking
http://www.youtube.com/watch?v=2KCMY8VojlU Fly fishing, with a little bit showing the casting

Description and photos
http://www.ehow.com/how 16390 basic-cast-fly.html
http://www.mnflyfishing.com/MinnesotaFlyFishing/Casting Tips/tabid/256/Default.aspx
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http://www.youtube.com/watch?v=E2SAc8gGuYQ&feature=related Balancing egg on counter top

Photos

http://www.badastronomy.com/bad/misc/egg_spin.html#badegg “Bad Astronomy” web page. Includes
photos.

http://www.dur.ac.uk/yaoling.niu/Photos_files/Photos/Work/AndyStandEgg.jpg
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1.140 Gravity hill
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http://www.psy.ritsumei.ac.jp/~akitaoka/saka-e.html Series of photos (may be slow to load) of Yashima Drive
Way, Mt. Yashima, Takamatsu City, Japan. Photos by Akiyoshi Kitaoka

http://www.youtube.com/watch?v=ZHPmdO_f-wl&mode=related&search= Video
http://www.youtube.com/watch?v=IrK6AVY Jonw&mode=related&search= Video
http://www.youtube.com/watch?v=2LawmLgSSRY &mode=related&search= Video
http://www.ghosttraveller.com/gravityhills.htm Photo plus description
http://www.unexplainedresearch.com/files_anomalies/gravity hill.html Photo plus description

References

Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
o Wwww.newscientist.com/lastword/ search under “gravity hill”
¢ Johnson, R., "Just who, or what, makes cars roll up a slope in Florida?" Wall Street Journal, pages 1 + Al4
(25 October 1990)
¢ Wilder, G., "Spook Hill: angular illusion," Skeptical Inquirer, 16, 58-60 (1991)
e McGarth, R. E., and R. F. Acker, letters, Skeptical Inquirer, 16, 324-326 (1992)
e Foster, R. A., letter, Skeptical Inquirer, 17, 109-110 (1992)
e Shimamura, A. P., and W. Prinzmetal, “The mystery spot illusion and its relation to other visual illusions,”
Psychological Science, 10, No. 6, 501-507 (November 1999)
o Proffitt, D. R., S. H. Creem, and W. D. Zosh, “Seeing mountains in mole hills: geographical-slant
perception,” Psychological Science, 12, No. 5, 418-423 (September 2001)
e Bressan, P., L. Garlaschelli, and M. Barracano, “Antigravity hills are visual illusions,” Psychological
Science, 14, No. 5, 441-449 (September 2003)
e Creem-Regehr, S. H., A. A. Gooch, C. S. Sahm, and W. B. Thompson, “Perceiving virtual geographical
slant: action influences perception,” Journal of Experimental Psychology: Human Perception and
Performance, 30, No. 5, 811-821 (2004)

1.141 Falling through the center of Earth
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1.144 Broken fingernails
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
e Farren, L., S. Shayler, and A. R. Ennos, “The fracture properties and mechanical design of human
fingernails,” Journal of Experimental Biology, 207, No. 5, 735-741 (2004)

Related:

e Sakai, N., and S. Shimawaki, “Strain in the nail at fingertip compression,” Skin Research and Technology,
13, 449-453 (2007)

1.145 Crumpling paper into a ball
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=6QAE9crPHOY Opening a bottle of beer with a sheet of paper
http://segovia.mit.edu/~leapfrog/Crumpling/crumpled.paper.gif Here is photo of a crumpled sheet of paper.
Can you see the d-cones and ridges?

Other videos

http://easybartricks.com/newspaper-bottle-opener.html Bar trick
http://www.youtube.com/watch?v=tOkmaNNg7BI Brainiac tv show with a big piece of paper and then with
a big piece of toilet paper

http://pomonahistorical.org/12times.htm Description of a student who achieved 12 folds of a toilet paper
strip. The strip was so long that she had to lay it out on a shopping mall floor.
http://www.youtube.com/watch?v=wQujcNk7LOI Video of 8 folds of thin wrapping paper
http://www.youtube.com/watch?v=grXmDiYHUY0&mode=related&search= Opening a bottle with a sheet
of paper

Photos and stories

http://www.damninteresting.com/?p=594 Description of the 12 fold accomplishment
http://mathworld.wolfram.com/Folding.html Description of the 12 fold accomplishment
http://plus.maths.org/issue19/news/crumpled/index.html  Story plus graph
http://jfi.uchicago.edu/~tten/rainbow/Crumpling/paper.network/ Menu gives photos of crumpled paper and
the resulting deformations

http://focus.aps.org/story/v9/st7 Story plus photo

http://jfi.uchicago.edu/~tten/Crumpling/ Photos, descriptions, links
http://mrsec.uchicago.edu/research/nuggets/crumpling/ Description plus photo
http://classes.yale.edu/fractals/FracAndDim/BoxDim/PowerLaw/CrumpledPaper.html Photos plus example
of how the crumbled paper ball is an example of a fractal.
http://www.wiley.com/college/phy/halliday320005/jearl/Fractal.pdf My essay about the fractal dimensions
of a crumpled ball

http://nsdl.org/resource/2200/20061011095817699T Research paper: Chaieb, S., and F. Melo, “Crescent
singularities and stress focusing in a developable cone”
http://segovia.mit.edu/~leapfrog/Crumpling/ridge.html Article and photos of crumpled paper
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213 (2001)

eee Donato, C. C., M. A. F. Gomes, and R. E. de Souza, “Crumpled wires in two dimensions,” Physical
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1.146 Playful to tragic examples of explosive expansion
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=jjUTZH_Vdxs&feature=related bullets piercing through objects causes
debris to explode in both the foreward and rearward directions
http://www.youtube.com/watch?v=vwTBmXT4-IE&NR=1 bullet through a glass of wine, explosions in both
directions

http://www.metacafe.com/watch/782944/high_speed_photography/ Slow motion
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http://www.youtube.com/watch?v=n3g5MKegBwIl&mode=related&search= Slow motion video of water
balloon burst by a fist strike

http://www.youtube.com/watch?v=MX6aerxQPOs&NR=1 The same balloon burst with other slow-motion
videos, including a bullet through an apple, banana, playing card, and jar. Note that the jar disappears when
the bullet goes through a container of pop, note the backward burst of material.
http://www.pulsephotonics.com/gallery.htm Scroll down to the shot of the bullet into the glass and then click
on it.

http://www.answers.com/topic/john-f-kennedy-assassination Story plus photos.
http://www.wilsonsalmanac.com/images2/kennedys dallasl.jpg Blurry photo of President Kennedy
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1.147 Why a hanging picture becomes crooked
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This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.
The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
ee Bloore, F. J., and H. R. Morton, "Advice on hanging pictures,” The American Mathematical Monthly, 92,
309-321 (1985)
ee Denardo, B., and R. Raspet, “Hanging-picture instability,” Physics Teacher, 43, 298-301 (May 2005)

1.148 A two-spring surprise
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://demo.physics.uiuc.edu/lectdemo/scripts/demo_descript.idc?DemolD=1065 Two photos, before and
after the string is cut
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1.149 Stability of a pop can
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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1.150 Wilberforce pendulum
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://groups.physics.umn.edu/demo/waves/3A7010.html Photo, but click on it to get video
http://www.sfu.ca/physics/ugrad/courses/teaching_resources/demoindex/waves/wo3a/wlbr2.jpg Photo
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1.151 Drag racing starts
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.metacafe.com/watch/782944/high_speed photography/ Toward the end of this slow-motion
video, watch the tire on a dragster at the start of the race. See the distortions?
http://www.youtube.com/watch?v=i7_3AAun5KY Video mustang drag racing
http://www.youtube.com/watch?v=_siram8gu4E&NR=1 Video dragster crash
http://www.youtube.com/watch?v=X_ XkBv_ztlw Video funny-car crash, driver survives
http://www.youtube.com/watch?v=wz8HdTCzQIE&mode=related&search= Video

dragster crashes, driver survives
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in The Physics of Sports, Volume One, A. Armenti Jr., editor, American Institute of Physics, 1992, ISBN 0-
88318-946-1, pages 281-283

1.152 Turn or stop
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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1.153 Slipping past a bus
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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1.154 Compression region in sticky tape
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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eee Ciccotti, M., B. Giorgini, D. Vallet, and M. Barquins, “Complex dynamics in the peeling of an adhesive
tape,” International Journal of Adhesion & Adhesives, 24, 143-151 (2004)

eee De, R., A. Maybhate, and G. Ananthakrishna, “Dynamics of stick-slip in peeling of an adhesive tape,”
Physical Review E, 70, article # 046223 (12 pages) (2004)

eee De, R., and G. Ananthakrishna, “Missing physics in stick-slip dynamics of a model for peeling of an
adhesive tape,” Physical Review E, 71, article # 055201(R) (4 pages) (2005)

e Thoroddsen, S. T., H. D. Nguyen, K. Takehara, and T. G. Etoh, “Stick-slip substructure in rapid tape
peeling,” Physical Review E, 82, article # 046107 (5 pages) (2010)

eee Persson, B. N. J., A. Kovalev, M. Wasem, E. Gnecco, and S. N. Gorb, “Surface roughness of peeled
adhesive tape: A mystery?” Europhysics Letters, 92, article # 46001 (4 pages) (November 2010)

Related references
e Gay, C., and L. Leibler, “On stickiness,” Physics Today, 52, 48-52 (November 1999)

1.155 Bobsled in a curve
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

References

Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
e Morlock, M. M., and V. M. Zatsiorsky, "Factors influencing performance in bobsledding I: influences of the
bobsled crew and the environment," International Journal of Sport Biomechanics, 5, 208-221 (1989)
eee Hubbard, M., M. Kallay, and P. Rowhani, "Three-dimensional bobsled turning dynamics," International
Journal of Sport Biomechanics, 5, 222-237 (1989)
eee Zhang, Y. L., M. Hubbard, and R. K. Huffman, “Optimum control of bobsled steering,” Journal of
Optimization Theory and Applications, 85, No. 1, 1-19 (April 1995)

1.156 Too quick to slide
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

References

Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
eee Schmidt, B. A., "Vibrated pendulum with a mass free to move radially," Journal of Applied Mechanics
ASME, 47, 428-430 (1980)

1.157 The home of the Little Prince
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This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.
The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

References
Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
ee Strnad, J., "The planet of the Little Prince,” Physics Education, 23, 224-225 (1988)

1.158 Parachuting with a pumpkin
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

References
Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
e Zebrowski Jr., E., "Superterminal velocities,” Physics Teacher, 27, 618-619 (1989)

Related references

eee Huston, R. L., and J. W. Kamman, "On parachutist dynamics," Journal of Biomechanics, 14, No. 9, 645-
652 (1981)

¢ Kincanon, E., "Skydiving as an aid to physics," Physics Education, 25, 267-269 (1990)

1.159 Pulling in a feisty fish
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=j-jTsz18450&mode=related&search=Video, pulling in a feisty, big
catfish.

References

Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
o Walker, J., "Fly casting illuminates the physics of fishing" in "The Amateur Scientist," Scientific American,
253, 122-126 + 128 (July 1985)

1.160 Fiddlesticks
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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References

Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
¢ Crane, H. R., “Chattering, the chattering, and the hula hoop,” in “How Things Work,” Physics Teacher, 30,
306-308 (May 1992)
¢ Schlichting, H. J., “Warum ‘schwirrt’ die scheibe? Physickalische aspekte eines interessanten spielzeugs,”
in Physik in der Schule, 31, No. 5, 179 (1993) Available at www.uni-
muenster.de/imperia/md/content/fachbereich_physik/ didaktik physik/publikationen/ schwirrt _scheibe

-pdf

1.161 Rotor on a notched stick
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.physics.umd.edu/lecdem/services/demos/demosg1/g1-81.htm video, making the rotor from a
pencil

http://craftvideos.blogspot.com/2009/04/making-geehaw-whimmy-diddle.html making the rotor from a twig
http://www.youtube.com/watch?v=0AHdjBoCn6w

http://home.frognet.net/~ejcov/geehaw.html Sketch plus description
http://faraday.physics.uiowa.edu/mech/1Q30.90.htm demonstration description
http://www.physics.umd.edu/lecdem/services/demos/demosg1/g1-81.htm
http://www.tvgasm.com/shows/amish-in-the-city/be-knowin-about-198.php#more
http://www.mugwumps.com/whammy.htm

http://en.wikipedia.org/wiki/Gee-haw _whammy_diddle

http://bobscrafts.com/bobstuff/geehaw.htm
http://www.creativecrafthouse.com/index.php?main_page=product_info&products_id=295 purchase
http://littlehouseinthesuburbs.com/2008/12/make-gee-haw-whimmy-diddle.html
http://www.newsobserver.com/lifestyles/home_garden/notions/2005/story/183504.html news item
http://www.smokymountainnews.com/issues/09 04/09 15 04/art down to business.html news item
http://yankeedoodlewoodworkers.com/classic_folk_toys.htm purchase

search “whammy doodle”, “wammy doodle”, “beano stick”, “gee-haw whimmy diddle” “whimmy diddle”
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Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
e Leonard, R. W., "An interesting demonstration of the combination of two linear harmonic vibrations to
produce a single elliptical vibration," American Journal of Physics, 5, 175-176 (1937)
e Miller, J. S., "The notched stick,” American Journal of Physics, 23, 176 (1955)
e Laird, E. R., "A notched stick,"” American Journal of Physics, 23, 472-473 (1955)
e Scott, G. D., "Control of the rotor on the notched stick,” American Journal of Physics, 24, 464-465 (1956)
e Welch, S., "What makes it turn?" Physics Teacher, 11, 303 (1973)
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ee Burger, W., "Elementary dynamics of simple mechanical toys,” Mitteilungen der Gesellschaft fur
Angewandte Mathematik und Mechanick, 2, 21-60 (1980)

e Mulder, D. P. J., "Children's toys," Physics Teacher, 18, 134-135 (1980)

e Aubrecht I, G. J., "A mechanical toy: the gee-haw whammy-diddle," Physics Teacher, 20, 614-615 (1982)

1.162 Shot put and hammer throw
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

Videos

http://www.youtube.com/watch?v=FYsFdtpK6cs Blurry but world record
http://www.youtube.com/watch?v=M5jpErXKvwg&mode=related&search=
http://www.youtube.com/watch?v=vimujrcqiXs&mode=related&search=
http://www.youtube.com/watch?v=Jpbgg2TRCuw

Photos
http://www.Kin.ucalgary.ca/Athletics/dino/Track/graphics/cw05/09-JessSP.jpg
http://gauntlet.ucalgary.ca/~gauntlet/eq/eg2/20060608/zelinka_web.jpg
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1.163 Jumps during downhill ski race
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
eee Remizov, L. P., "Optimal running on skis in downhill," Journal of Biomechanics, 13, 941-945 (1980)
¢ Hignell, R., and C. Terry, "Why do downbhill racers pre-jump?" Physics Teacher, 23, 487-488 (1985);
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ISBN 0-88318-946-1, pages 225-226
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e Read, L., and W. Herzog, "External loading at the knee joint for landing movements in Alpine skiing,"
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ee Lind, D., and S. P. Sanders, The Physics of Skiing: Skiing at the Triple Point, American Institute of Physics,
ISBN 1-56396-319-1 (1997)

Related references
eee Maronski, R., "On optimal running downhill on skis," Journal of Biomechanics, 23, 435-439 (1990)

1.164 Pulling a table cloth beneath dishes
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://easybartricks.com/great-bar-trick.html the original video
http://www.youtube.com/watch?v=SLRsFDblIuQ the same video but posted on YouTube
http://easybartricks.com/very-cool-lighter-trick.html
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http://www.youtube.com/watch?v=7gfWvexu4u4 Video
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Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
e Hudson, H. T., "There's more to it than inertia," Physics Teacher, 23, 163 (1985)
¢ Haber-Schaim, U., and J. H. Dodge, "There's more to it than friction," Physics Teacher, 29, 56-57 (1991)

Related references
¢ Barnes, G., "Conservation of momentum demonstration using a piece of sewer pipe,” American Journal of
Physics, 54, 741 (1986)

1.165 Short Story: Pulling with teeth
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.cnn.com/video/#/video/offbeat/2007/08/16/vo.india.plane.puller.reuters Rishi Saxena
http://news.sky.com/skynews/video/videoplayer/0,,31200-1280155,.html Same video
http://video.aol.com/video-detail/id/3151461570 Same video
http://youtube.com/watch?v=DUz9bhHJ1DU A team pull a heavy airplane
http://youtube.com/watch?v=Kn-epd6KwgY Pulling a FedEXx airplane

http://www.gva.be/dossiers/-e/eeuw/img/1988/MASSIS2.jpg Photo
http://blogimages.seniorennet.be/mivg/135-44c686b520655bf244267c08a727d507.JPG Photo
http://img95.imageshack.us/img95/1061/teethtruckkw3.jpg Photo
http://blogimages.bloggen.be/tilloenk/338-951a83608c3af28e7d6h7a202e1a2f7d.jpg Photo
http://www.youtube.com/watch?v=eHXOzrZvygw Video, steam engine pulled by a group of women
http://www.youtube.com/watch?v=1keDItRX70Q A team pulls an airplane with a rope
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Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
o McWhirter, N., and R. McWhirter, eds., Guinness Book of Records, Bantam Books, 1976, page 477
ee Halliday, D., R. Resnick, and J. Walker, Fundamentals of Physics, John Wiley & Sons, 4™ edition, 1993,
pages 97, 107-108

1.166 Jerking chair
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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1.167 Lifting a person with fingers
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

References
Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
e Gardner, M., "The mysterious finger-lift levitation,” The Skeptical Inquirer, 15, 30-34 (fall 1990)

1.168 Rockets, and a problem with an iceboat
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

References

Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
eee Seifert, H. S., M. W. Mills, and M. Summerfield, "Physics of rockets: dynamics of long range rockets,
American Journal of Physics, 15, 255-272 (1947)
eee Parkyn, D. G., "A note on rocket staging,” Mathematical Gazette, 42, 302-304 (1958)
eee Klamkin, M. S., "An optimum multistage rocket design,” Problem 87-15, SIAM Review, 29, 470-471
(1987); solution: 30, 508-509 (1988)
eee Newhy, J. C., "The history and mathematics of rockets,"” Physics in Technology, 19, 172-180 (1988)
ee Edmonds Jr., J. D., "The put put rocket,” Physics Education, 25, 304-305 (1990)
¢ Crabb, C., “Shooting at the moon,” New Scientist, 143, No. 1937, 27-31 (6 August 1994)
oo Gowdy, R. H., “The physics of perfect rockets,” American Journal of Physics, 63, No. 3, 229-232 (March
1995)
¢ Gieck, J., “By steam to the moon,” Invention & Technology, 12, No. 2, 38-41 (Fall 1996)
¢ Wolkomir, R., “Shooting right for the stars with one gargantuan gas gun,” Smithsonian, 26, No. 10, 84-91
(January 1996)
e Ashley, S., “Shooting for the Moon,” Mechanical Engineering, 114, No. 11, 116 + 80 (not an error)
(November 1992)

1.169 Short Story: Earth to Venus
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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References
Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
e Uhler, H. B., "Semicentennial: Baltimore-to-Venus attempt,” Science News, 114, 78-79 (1978)

1.170 A choice of hammers
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

References
Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
eee Gray, A, and J. G. Gray, A Treatise on Dynamics, Macmillan, London, 1920, pages 396-399
oo Miller, J. S., "Observations on a pile driver," American Journal of Physics, 22, 409 (1954)
e Hathcox, K., and D. Ward, “The hammer falls: a fresh look at the pile driver,” Physics Teacher, 43, 428-431
(October 2005)

1.171 Pressure regulator
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

1.172 Sliding a stick across fingers
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

References
Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
e Sommerfeld, A., Mechanics, Academic Press, 1964, pages 83-84
ee Mancuso, R. V., "Quantitative analysis of moving two fingers under a meterstick," Physics Teacher, 31,
222-223 (1993)

Related references

ee Metzger, E., "An unusual case of simple harmonic motion,” American Journal of Physics, 40, 1167-1168
(1972)

1.173 Short Story: Giant tug-of-war
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This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.
The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

http://www.youtube.com/watch?v=W9_UfRbnbpQ Video of women in huge tug of war, periodic pull
instead of continuous pull.

http://www.youtube.com/watch?v=0OFJPGrF0Yk0&mode=related&search= Video of men in tug of war,
continuous pull (with bare hands!!)

1.174 Shooting along a slope
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

References
Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
ee Haugland, O. A., "A puzzle in elementary ballistics," Physics Teacher, 21, 246-248 (1983)

1.175 Starting a car on a slippery road
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
o Williamson, C., "Starting an automobile on a slippery road,” American Journal of Physics, 11, No. 3, 160-
161 (1943)

1.176 Balancing a tire
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
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Book reference style: author, title, publisher, date, pages
eee SMith, R. C., "Static vs spin balancing of automobile wheels," American Journal of Physics, 40, 199-201
(1972)

1.177 Carnival bottle swing
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

References

Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
¢ Stong, C. L., “Various experiments for a rainy weekend,” in "The Amateur Scientist,” Scientific American,
204, 177-186 (April 1961); see page 184
e Gryczan, M., Carnival Secrets: How to Win at Carnival Games, Zenith Press (PO Box 248, Royal Oak,
Michigan 48068), 1988, pages 193-195

1.178 Hanging goblet, ready to crash
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
o Gardner, M., "The falling keys" in "Trick of the Month," Physics Teacher, 28, 390 (1990)
e Marlow, A. R., "A surprising mechanics demonstration,” American Journal of Physics, 59, 951-952 (1991)
ee Griffiths, D. J., and T. A. Abbott, "Comment on 'A surprising mechanics demonstration,' by A. R. Marlow,"
American Journal of Physics, 60, 951-953 (1992)

1.179 Breaking a drill bit
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

References

Dots e through eee indicate level of difficulty

Journal reference style: author, title, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
eee Bobisud, L. E., and C. O. Christenson, "Critical force in the buckling of drill bits,” Journal of Applied
Mechanics ASME, 46, 461-462 (1979)
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1.180 Swinging watches
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

The material here is located at www.flyingcircusofphysics.com and will be updated periodically.

References
Dots e through eee indicate level of difficulty
Journal reference style: author, title, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
eee Gray, A., and J. G. Gray, A Treatise on Dynamics, Macmillan, London, 1920, pages 420-424
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1.183 Oscillating car antenna
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1.186 Seeing only one side of the Moon
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This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
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1.187 Intelligence satellites
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1.188 Air drag speeds up satellite
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1.189 Moon trip figure eight
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1.190 Earth and Sun pull on Moon
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.
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1.191 Gravitational slingshot effect
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.
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1.192 Making a map of India
In the past when India was surveyed, the measures were reportedly slightly This item is discussed in the book
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1.193 Shaving with twin blades
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