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Chapter 2
Racing on the ceiling, swimming through syrup
(fluids)

Here are the references and web links for the stories in the book. Recently added references are
highlighted. For updates to those stories and for all the new stories, go to

Chap 2 archives part A (1-40)
http://www.flyingcircusofphysics.com/News/NewsDetail.aspx?NewsID=59
Chap 2 archives part B (41-76)
http://www.flyingcircusofphysics.com/News/NewsDetail.aspx?NewsID=60
Chap 2 archives part C (77-154)
http://www.flyingcircusofphysics.com/News/NewsDetail.aspx?NewsID=61
Chap 2 archives part D (155-end)
http://www.flyingcircusofphysics.com/News/NewsDetail.aspx?NewsID=38
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2.1 Race cars on the ceiling
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=T1VQLSgok78 Discovery Channel piece about the McLaren F1
http://www.youtube.com/watch?v=Pg4tuT [136g Testing aerodynamics of the F1

Photos and discussion

http://www.chaparralcars.com/2e.php Official chaparral website
http://www.jimhayes.com/Archives/halll.jpg Photo
http://www.popsci.com/popsci/futurecar/06f09aa138b84010vgnvcm1000004eecbccdrcrd/3.html  Mentions
upside down car and shows the Chaparral 2E

http://people.bath.ac.uk/pb235/aero/history.htm Shows Jim Hall’s “sucker car” and a car with an adjustable
wing

http://ffden-2.phys.uaf.edu/211.web.stuff/Langman/phys211-ec.ntm Shows Hall’s chaparral that could hug
the turns.

www.fljournal.com/fl teknik/tek _acv _030501a.html
http://www.motorbooks.com/Store/UserDirs/motorbooks.com/coverimages/139632.jpg Photo
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o Stetright, L. J. K., “The gastropod. It beats as it sweeps as it races,” in Motor Racing. The International Way,
Number 2, N. Brittan, editor, A. S. Barnes & Co., 1971, pages 39-44
o Hill, P., “Jim Hall and his chaparrals. A brief history of the marque from to 2 to 2K,” Road & Track, 31, No.
10, 49-53 (June 1980)
eee Plotkin, A, "Thin ellipse in ground effect: lift without circulation,” ASME Journal of Applied Mechanics,
55, 735-736 (1988)
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e Dominy, R. G., “The influence of slipstreaming on the performance of a Grand Prix racing car,” Proceedings
of the Institute of Mechanical Engineers. Part D: Journal of Automobile Engineering, 204, 35-40 (1990)

¢ Bryant, P. J., and R. G. Knight, (letter) “Not so new,” Nature, 366, 199 (18 November 1993)

ee Katz, J., New Directions in Race Car Aerodynamics: Designing for Speed, Bentley Publishers, 1995, ISBN
0837601428

ee McBeath, S., Competition Car Downforce, G. T. Foulis & Company, 1998, ISBN 0 85429 977 7

e Howard, K. “Gurney Flap,” Motorsport Magazine (September 2000), reproduced at
http://www.allamericanracers.com/gurney_flap.html

ee Halliday, D., R. Resnick, and J. Walker, Fundamentals of Physics, 7e, Wiley, 2005, pages 116, 128, 359,
375-376

eee Mukherji, T., “Investigating the aerodynamic response of a NACA 0012 airfoil with gurney flap,” (2006)
http://www.duke.edu/~tkm8/Aero.doc

eee Troolin, D. R., E. K. Longmire, and W. T. Lai, “Time resolved PIV analysis of flow over a NACA 0015
airfoil with Gurney flap,” Experiments in the Fluids, 41, 241-254 (2006)

e Follows, M., M. van Beek, and M. Macpherson, (letters) “Aerial glue,” in the column “The Last Word,” New
Scientist, 205, inside back cover (23 Jan 2010)

2.2 Drafting
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=RjDGjQ14Sjo Video: Bike drafting behind a truck. Very, very dangerous
but really interesting.

http://www.nascar.com/2006/news/headlines/cup/02/14/stronger.penalties/index.html Bump drafting photo
plus news story

http://www.youtube.com/watch?v=j451KAvCUTQ&mode=related&search= When drafting goes badly
http://www.youtube.com/watch?v=tWZKDRRKKTY Video animation
http://www.aerospaceweb.org/question/aerodynamics/q0092.shtml Photos plus discussion
http://www.youtube.com/watch?v=ypGlreJYFWM Drafting is used in the Tour de France
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2.3 Aerodynamics of passing trains
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=Z5stmjA74-s&feature=related Fast train almost runs down two people.
Watch the airflow as the train passes them.

http://www.youtube.com/watch?v=EqJAM8A8H-0 Video of two fast trains passing each other in opposite
directions. Note the uncontrollable motion of the camera.

Videos of Snow plowing by train

http://www.youtube.com/watch?v=0QenN5DVuLtw Snow plowing by train
http://www.youtube.com/watch?v=Ww-7X-LNMdU
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Applied Mathematics, 65, 315-334 (2000)
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2.4 Collapse of the old Tacoma Narrows Bridge
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.

Movies and newsreels

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

http://www.youtube.com/watch?v=HxTZ446tbzE Newsreel with narration and music
http://video.google.com/videoplay?docid=-8848571026603178234&g=tacoma+narrows+bridge+collapse
Another newsreel and more bridge-breaking music

http://www.youtube.com/watch?v=P0OFil1VcbpAl

http://www.youtube.com/watch?v=i_MQ61vyaSM Vortex shedding by a cylinder
http://www.youtube.com/watch?v=CB2aWiesq0g Same here
http://www.youtube.com/watch?v=SuZRi0qg9MAg another one

Still photos
http://www.ketchum.org/bridgecollapse.html
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2.5 Aerodynamics of 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.
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2.6 Kites
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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=6QYaJo5Uzuo Video, five kites in a “dance”
http://www.youtube.com/watch?v=2BzGeKmgKUA&mode=related&search= Video, more. | love this stuff.
http://www.youtube.com/watch?v=mttPruk7qGA&mode=related&search= Even more video
http://www.youtube.com/watch?v=M-9SfukD7s4&mode=related&search=Indoor kite
http://www.youtube.com/watch?v=LDpLrkiD8Tc&mode=related&search= More indoor kites. Someone
please tell me who does this music.
http://www.youtube.com/watch?v=1SW_15gLRwo&mode=related&search= Kite dancing

http://www.redcliffekiteclub.org.au/T%20R%20Workshop%20Kites%2002%20W.jpg Photo
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2.7 Ski jumping
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=W-amNJgWpEo Video, watch his left leg and ski
http://www.youtube.com/watch?v=agkpo-zSOMDQ&mode=related&search= Video
http://www.youtube.com/watch?v=PNh5GAwWTRy8&mode=related&search= Video
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2.8 Speed of a downhill skier
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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2.9 Boomerangs
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=YOnBy9rU43M&NR=1 Video, throwing a boomerang
http://www.youtube.com/watch?v=a5EqgR_4piE Video, world’s smallest boomerang
http://www.youtube.com/watch?v=VVAplrr6Lgrg Video
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2.13 Air drag on tennis balls
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2.17 Cricket aerodynamics
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Videos

http://www.youtube.com/watch?v=6]CS8jPVU-o&feature=related You can the distance between the wings
and the contrails

http://www.youtube.com/watch?v=ZRxN6vU5juE &feature=related Here the distance is not as much
http://www.youtube.com/watch?v=1Ucl1Z vXkPw
http://www.youtube.com/watch?v=jC6iopJ4UAE&feature=related
http://www.youtube.com/watch?v=ormglgbxgsl

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

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

Photos

http://www.es.lancs.ac.uk/hazelrigg/amy/Home.htm National Contrail Network home page
http://commons.wikimedia.org/wiki/Image:Contrail_with_jet (aka).jpg Photo. Note gap between jet engine
and the contrail

http://www.victoriaweather.ca/clouds.php?image=contrail Photo, contrail and its shadow on clouds
http://www.atoptics.co.uk/ Many photos and explanations of atmospheric optics
http://www.lounge.org/elvis/contrail_and_shadow_41000.jpeg Photo, contrail and its shadow

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



Fluids 20

e Dunning, H. H., and N. E. La Seur, “An evaluation of some condensation trail observations,” Bulletin of the
American Meteorological Society, 36, No. 2, 73-79 (February 1955)

¢ "An unusual observation of iridescence," Weather, 17, 108 (1962)

e Subrahmanyam, V. P., and G. Nicholson, “Contrail shadows,” Weather, 22, 244 (1967)

e Wallington, C. E., “Distrail in a wave cloud,” Weather, 22, 454 (1967)

¢ Reinking, R. F., “Insolation reduction by contrails,” Weather, 23, 171-173 (1968)

eee Scorer, R. S., and L. J. Davenport, “Contrails and aircraft downwash,” Journal of Fluid Mechanics, 43,
451-464 (1970)

e Murcray, W. B., “On the possibility of weather modification by aircraft contrails,” Monthly Weather Review,
98, No. 10, 745-748 (October 1970)

e Scorer, R. S., Clouds of the World, Stackpole Books, 1972, pages 120-129

e Chgier, N. A, “Vortexes in aircraft wakes,” Scientific American, 230, 77-83 (March 1974)

eee Maxworthy, T., “The motion of aircraft trailing vortices,” Journal of Applied Mechanics, 42, No. 2, 279-
282 (June 1975)

¢ Giles, B. D., “Condensation trails and clouds---a case study,” Journal of Meteorology, 2, No. 23, 325-326
(1976-1977)

¢ Crane, H. R., “Negative contrails,” Physics Teacher, 19, 409 (September 1981)

o Kerns, L., (letter) “Jet contrails,” Weatherwise, 35, No. 4, 197 (August 1982)

o Staley, D. O., (letter) “Contrail shadows,” Weatherwise, 36, No. 1, 44 (February 1983)

o Mullins, J., “Trails of destruction,” New Scientist, 152, 28-29 (16 November 1996)

eee Spalart, P. R., “Airplane trailing vortices,” Annual Review of Fluid Mechanics, 30, 107-138 (1998)

eee Karcher, B., “Aviation-produced aerosols and contrails,” Surveys in Geophysics, 20, 113-167 (1999)

eee Schroder, F., B. Karcher, C. Duroure, J. Strom, A. Petzold, J.-F. Gayet, B. Strauss, P. Wendling, and S.
Borrmann, “On the transition of contrails into cirrus clouds,” Journal of the Atmospheric Sciences, 57, 464-
480 (15 February 2000)

eee | ewellen, D. C., and W. S. Lewellen, “The effects of aircraft wake dynamics on contrail development,”
Journal of the Atmospheric Sciences, 58, 390-406 (15 February 2001)

¢ “An unintended contrail experiment,” Bulletin of the American Meteorological Society, 83, No. 4, 500 (April
2002)

¢ Alcala-Jornod, C., H. van den Bergh, and M. J. Rossi, “Can soot particles emitted by airplane exhaust
contribute to the formation of aviation contrails and cirrus clouds?” Geophysical Research Letters, 29, No. 17,
article # 1820 (4 pages) (2002)

e Duda, D. P., and P. Minnis, “Observations of aircraft dissipation trails from GOES,” Monthly Weather
Review, 130, 398-406 (Febraury 2002)

¢ Higuchi, H., “Aircraft trailing vortices and downwash phenomenon,” in A Gallery of Fluid Motion, M.
Samimy, K. S. Breuer, L. G. Leal, and P. H. Steen, editors, Cambridge University Press, 2003, page 19

e Marquart, S., M. Ponater, F. Mager, and R. Sausen, “Future development of contrail cover, optical depth,
and radiative forcing: impacts of increasing air traffic and climate change,” Journal of Climate, 16, 2890-2904
(1 September 2003)

ee Suzanne, J., D. Ferry, O. Popovitcheva, and N. K. Shonija, “Ice nucleation by kerosene soot under upper
tropospheric conditions,” Canadian Journal of Physics, 81, 423-429 (2003)

o Williams, V., R. B. Noland, and R. Toumi, “Air transport cruise altitude restrictions to minimize contrail
formation,” Climate Policy, 3, 207-219 (2003)

o Zerefos, C. S., K. Eleftheratos, D. S. Balis, P. Zanis, G. Tselioudis, and C. Meleti, “Evidence of impact of
aviation on cirrus cloud formation,” Atmospheric Chemistry and Physics Discussions, 3, 3335-3359 (2003)

¢ Popovicheva, O. B., N. M. Persiantseva, E. E. Lukhovitskaya, N. K. Shonija, N. A. Zubareva, B. Demirdjian,
D. Ferry, and J. Suzanne, “Aircraft engine soot as contrail nuclei,” Geophysical Research Letters, 31, No. 11,
article # L11104 (4 pages) (2004)



Fluids 21

ee Duda, D. P., P. Minnis, L. Nguyen, and R. Palikonda, “A case study of the development of contrail clusters
over the Great Lakes,” Journal of the Atmospheric Sciences, 61, 1132-1146 (15 May 2004)

eee Pa0li, R., J. Helie, and T. Poinsot, “Contrail formation in aircraft wakes,” Journal of Fluid Mechanics, 502,
361-373 (2004)

e Travis, D. J., A. M. Carleton, and R. G. Lauritsen, “Regional variations in U.S. diurnal temperature range
for the 11-14 September 2001 aircraft groundings: evidence of jet contrail influence on climate,” Journal of
Climate, 17, 1123-1134 (1 March 2004)

ee Minnis, P., J. K. Ayers, R. Palikonda, and D. Phan, “Contrails, cirrus trends, and climate,” Journal of
Climate, 17, 1671-1685 (15 April 2004)

o Kalkstein, A. J., and R. C. Balling, “Impact of unusually clear weather on United States daily temperature
range following 9/11/2001,” Climate Research, 26, 1-4 (19 April 2004)

eee Paoli, R., and F. Garnier, “Interaction of exhaust jets and aircraft wake vortices: small-scale dynamics and
potential microphysical-chemical transformations,” Comptes Rendus Physique, 6, 525-547 (2005)

eee Schumann, U., “Formation, properties and climatic effects of contrails,” Comptes Rendus Physique, 6,
549-565 (2005)

Related reference
e Freymuth, P., W. Bank, and M. Palmer, “Vortices and airfoils,” American Scientist, 72, 242-248 (May-June
1984)

2.21 Inward flutter of a shower curtain
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=AvLWqRCbGKY Coanda effect on a spoon near flowing water
http://www.youtube.com/watch?v=0_-Eph9w6 A Coanda effect with a spoon in a stream of water
http://www.straightdope.com/classics/a2_104.html and

http://www.straightdope.com/columns/010810.html  Cecil Adams, in his “Straight Dope” columns,
discusses the shower curtain effect, with a different conclusion from me.
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2.22 Prairie dog and giant ant nests
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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=zJNSfp30-uA Kids video about prairie dog’s sounds but it also shows the
burrows.

http://www.youtube.com/watch?v=JLQ70JJpaOM Video about vacuuming up the prairie dogs from the homes
(they are not hurt).

http://www.proseandphotos.com/AZ-35-18-b_small.jpg Photo of prairie dog sitting on the mound entrance to
its home

http://www.adventure-tours-australia.com/australian-outback-photos/ant-hill.html Photo magnetic ant hill in
Australia
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2.23 Bathtub vortex
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.

To see me demonstrate the bathtub vortex on television, go to

http://www.gumfrog.com/dailyplanet and use Username: previewguest

Password: d1scOvery (note the two numbers)

I suggest that you click the box that allows the computer to remember this information (or you may have to
enter it several times)

Choose Jan 2008. Scroll down to Jan 22 / 08 . Click on "Fact of the Matter"

http://www.youtube.com/watch?v=VsrCOdDf2V0 Video: bathtub vortex is not controlled by the Coriolis
effect

http://www.youtube.com/watch?v=gccduFJSisl This is the stuff shown to tourists. Can you spot how he makes
the water drain the way he wants it to?
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http://www.youtube.com/watch?v=1mdIDEK3VmU Same stuff. He makes a living showing the Coriolis
effect at a location where the effect is actually zero.

http://www.youtube.com/watch?v=0g-BFJt8mpo Another person making a living showing an effect that does
not exist.

http://www.youtube.com/watch?v=hPgg4AbLKyU Ink tracer in vortex in a water container, with the camera
rotated by 90 degrees (bottom is to the right)

http://www.youtube.com/watch?v=fg3SFvXJnTO Ink tracer in vortex

http://www.nbi.dk/~aanders/research.ntml Photos and description
http://www.dtu.dk/centre/BioCom/Research%20areas/Complex%20fluid%20flows,%20free%20surfaces%o2
0and%?20instabilities/Bathtub%20vortex.aspx?lg=print Photo plus description
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http://www.youtube.com/watch?v=PtUmLLIM7S0 Video of surfers riding the bore on the Severn River
http://www.youtube.com/watch?v=dX05gCni9Wg&mode=related&search= Another surf video
http://www.youtube.com/watch?v=3tY AZf20Msk&mode=related&search= Video of Severn bore
http://www.youtube.com/watch?v=LOQNXx]j9i9rNw&feature=related Another Severn surfing video
http://www.youtube.com/watch?v=0Qc96txWJAOc&feature=related Another one, distant shot
http://www.youtube.com/watch?v=PBhcvMV2kgk&feature=related Series of photos and then video

Audio, photos, discussion

http://www.bbc.co.uk/wales/surfing/sites/features/pages/severn _bore06.shtml
http://www.bbc.co.uk/gloucestershire/interactive/interactive_map/gloucester/severn _bore.shtml
http://www.bbc.co.uk/gloucestershire/content/articles/2007/04/09/severn_bore feature.shtml news item and
nice photo

http://www.bbc.co.uk/radio4/science/extremebritain.shtml BBC Radio. If this site is still active, scroll down
to the program “The Biggest Tide,” which is about the bore on the Severn River, including some discussion of
the surfing. The show is part of the series called “Extreme Britain,” hosted by Mike Dilger.
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Videos (warning, some mild cursing)

http://www.youtube.com/watch?v=xCI1u05KD s Manitoba tornado
http://www.youtube.com/watch?v=DNL7ASvI4k4 Scarry stuff
http://www.youtube.com/watch?v=2iAI8W2X6zM Many tornado videos compiled, including a shot of a
house being pulled apart. (The parking lot vortex is a dust devil, not a tornado, or the pickup truck that drives
thorugh it would have destroyed. So is the playground vortex.)
http://www.youtube.com/watch?v=cJH4rylVATU&mode=related&search=
http://www.youtube.com/watch?v=EgajUL Qwi90&mode=related&search=
http://www.youtube.com/watch?v=UVppfnXtPZ4&mode=related&search=
http://www.youtube.com/watch?v=4pbqGsS5iB4 winds at 318 miles per hour!
http://www.youtube.com/watch?v=-nKGOjNh_II Cameras inside a tornado
http://www.youtube.com/watch?v=WhfVwljstRo Texas tornadoes
http://www.youtube.com/watch?v=5vEBiTTkpYU Witcha Falls, Texas
http://www.youtube.com/watch?v=rFeufWFPVm4&mode=user&search= tornado rips through trees
http://www.youtube.com/watch?v=zv8H-RTVGew F4 in Manitoba
http://www.youtube.com/watch?v=GrCLJuMerco Jarrell, Texas, 1997
http://www.youtube.com/watch?v=mUbR6TvpTO4 Tornadoes and the damage, including the damage path
through a Wal-Mart. (The kids are playing in a dust devil, not a tornado)
http://www.youtube.com/watch?v=v05Q48nV8SI
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http://www.youtube.com/watch?v=5f3Nxiveyxc Two tornadoes
http://www.youtube.com/watch?v=kEUXr6FMtWk Big, violent Manitoba tornado
http://www.youtube.com/watch?v=B8n0jM9XKIlo Slide show, with van Halen music.

Kansas tornado, with what looks like video from a flying car.
http://www.youtube.com/watch?v=tfx\VVQshzSS8&mode=related&search=

Video

http://en.wikipedia.org/wiki/Andover%2C_Kansas_Tornado Description of the tornado

photos and descriptions:

http://www.targetarea.net/var04.html

http://apod.nasa.gov/apod/ap050613.html

http://www.fishindog.com/images/tornado.jpg

http://www.greatdreams.com/weather/tornados.htm
http://www.worth1000.com/entries/153500/153529qVxu_w.jpg Photo of tornado and lightning from the
cloud to one side of the tornado.
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2.37 Short story: Looking up into a tornado
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=668begWTof0 Driving into a weak tornado
http://www.youtube.com/watch?v=yTaWGF51Lrg Below a funnel
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The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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2.39 Dust devils, fog devils, and steam devils
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.

Photos

http://www.nasa.gov/vision/universe/solarsystem/2005 dust devil prt.htm
http://media.graytvinc.com/images/dust+devil.jpg
http://www.gc.maricopa.edu/earthsci/imagearchive/dust devils.htm

Video
http://www.youtube.com/watch?v=CQLCJFbABgg&feature=related Huge dust devil, with people on bikes
riding through it and the camera operator walking through it
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http://www.msss.com/mars_images/moc/lpsc2000/3 00 dustdevil/
http://www.Ipl.arizona.edu/~lemmon/mer_dd.html
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2.40 Ring vortexes
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=UIrRywH yUA&NR=1 Swimmer lying on the bottom of pool, blowing
ring vortexes that buoy to the surface.

http://www.youtube.com/watch?v=bj6adrdBueo&feature=related Another swimmer
http://www.youtube.com/watch?v=8bZ0Q3RG-YA&NR=1 Long-lasting ring vortex in water
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http://www.youtube.com/watch?v=TMC{7SNUb-Q&feature=related
http://www.youtube.com/watch?v=1zXeYHHZeCw&NR=1

http://ifm.zmaw.de/~wwwrs/WWK/UHH WWK_Turb_singlevortex.gif Photo
http://www.youtube.com/watch?v=0rQKhCdikyY Video
http://www.youtube.com/watch?v=IMLop6MIwUU&mode=related&search= Device that makes large
smoke rings

http://www.youtube.com/watch?v=sWPGkYmMENOU&NR=1 Video smoke rings blown with cigarette smoke
(smoking is very bad for you)

http://www.youtube.com/watch?v=x6FLDx3spFk Dolphin blowing ring vortices (be patient with the video)
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2.56 Short Story: House-hopping, and riding the skies in a lawn 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.

http://www.youtube.com/watch?v=bVqOulBTGgE Car floated with helium balloons, breaks free and floats
away. Is this real?

http://www.youtube.com/watch?v=PelJibXrE9g4&NR=1 No, of course it is not real.
http://www.youtube.com/watch?v=JQ1GIWPrmBI&NR=1 Again, it is not real
http://www.cnn.com/2007/US/07/10/flying.lawn.chair.ap/index.html Flying a lawn chair with helium
balloons

http://www.msnbc.msn.com/id/19694083/

http://www.freep.com/apps/pbcs.dlil/article? AID=/20070710/NEWS07/70710020/1004/NEWS02
http://www.readthehook.com/images/issues/2006/0545/strange0543.qgif A cartoon to go with the house
hopping story; drawn by Deborah Derr McClintock
http://www.news.com.au/dailytelegraph/story/0,22049,22055031-5012895,00.html Note that there are
multiple images available.

http://www.ktvz.com/global/story.asp?s=6759982&ClientType=Printable
http://www.youtube.com/watch?v=bSUBL40QzrA Lifting a person via helium party balloons
http://news.blogs.cnn.com/2010/05/28/man-takes-cue-from-up-floats-across-english-channel/?hpt=C2
floating across the English Channel, news item

http://www.youtube.com/watch?v=XDoix7MjLgs floating across the English Channel, television item
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2.57 Flow of medieval cathedral window glass
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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2.58 Strange viscous fluids
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Barcelona video on YouTube
http://www.youtube.com/watch?v=f2XQ97XHjVw

http://www.mie.utoronto.ca/labs/rheology/objectives.html Photo plus discussion
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http://www.youtube.com/watch?v=t5hcTnntkVM Video of waves on a oscillating corn-starch slurry; holes
pushed into the slurry remain and fingers can rise out of the slurry.
http://www.youtube.com/watch?v=WTCkVh9CWT8&mode=related&search=Video: Fingers grow out of
an oscillating corn-starch slurry
http://www.youtube.com/watch?v=cuzn8wh8Fys&mode=related&search=Video:
http://www.youtube.com/watch?v=nX6Gxo0iCneY Video: swelling of liquid upon emergence, the rod-
climbing effect, and the leaping effect

http://www.youtube.com/watch?v=KcNWL Ipv8gc Swelling of liquid upon emergence
http://www.youtube.com/watch?v=aY 7xiGQ-7iw Tubeless siphon
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2.76 Bubbles in soda, beer, and champagne
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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2.78 Bursting bubbles
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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2.79 Whales and bubble nets
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=7420209913897323484&q=bubble+nets&hl=en Video of whales
make a buble net and then feeding on the fish trapped in the net.
http://www.isvr.soton.ac.uk/fdag/UAUA/RESEARCH/Whales/front%20page%20t0%20whales_3.htm
Discussion. Note the aerial photo where we can see a bubble net set up by whales to trap prey.
http://www.isvr.soton.ac.uk/FDAG/UAUA/RESEARCHY/echolocation%20and%20bubbles/echolocation%20
and%20bubbles%201.htm Discussion and many photos, showing dolphins using bubble nets to herd fish.
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2.80 Water striders
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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.

Videos

Go to http://www.gumfrog.com/dailyplanet

and use

Username: previewguest

Password: d1scOvery

I suggest that you click the box that allows the computer to remember this information (or you may have to
enter it several times)

Go to March 17, 2008 and choose “Waterbots™ (water striding robots)

http://www-math.mit.edu/~dhu/Press/Press03/MIT%20leaps%20t0%20solution%200f%20walking-on-
water%20mystery.htm Description and videos of a water strider and the robostrider (mechanical water
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2.102 Stepping on a wet beach and into quicksand
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=s00XGxop3DI quicksand at a beach
http://www.youtube.com/watch?v=B_gRh5Y-h08 Video of stepping onto wet sand and squeezing a plastic
bottle of wet sand

http://www.inspirationline.com/Brainteaser/quicksand.htm Photo plus description
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to free a vehicle from quicksand

http://www.youtube.com/watch?v=J fOmbvnR8k Video dry quicksand (sand liquefaction)
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2.103 Collapse of buildings and a freeway
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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2.104 Short story: Quicksand effect with grain
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 fOmbvnR8k Video dry quicksand (sand liquefaction)
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2.106 Sandpiles and self-organizing flow
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2.107 Flows in hourglasses and silos
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://iusti.polytech.univ-mrs.fr/~gep/instability.html Video: watch the waves in the granular material flowing
down the slanted plane
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2.109 Avalanche balloon
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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.alpintravel.ch/d reisen/bild.cfm?BilderID=811&1D=118&History=kurzbeschrieb.cfm&Search=
berg Photo

http://www.slf.ch/Imstein/Imstein-projects-en.html Photo and discussion; scroll to the bottom
http://www.ur.co.nz/avalanche/equipment.htm Sketch plus discussion

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 Radwin, M. I, C. K. Grissom, “Technological advances in avalanche survival,” Wilderness and
Environmental Medicine, 13, No. 2, 143-152 (summer 2002)

Related references



Fluids 128

e Falk, M., H. Brugger, and L. Adler-Kastner, “Avalanche survival chances,” Nature, 368, 21 (3 March 1994)
1994
ee Burtscher, M., “Avalanche survival chances,” Nature, 371, No. 6497, 482 (6 October 1994) 1994

2.110 Sand ripples and movement
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=N9hyL 79pSPI Underwater sand ripples
http://www.youtube.com/watch?v=yPI9I1JY4PNA Sand ripples
http://www.danheller.com/images/California/DeathValley/Dunes/sand-ripples-big.jpg Photo
http://www.dtu.dk/centre/BioCom/Research%?20areas/Complex%20fluid%20flows,%20free%20surfaces%?2
0and%20instabilities/Separation%20in%20fluid%20flows.aspx Photo and discussion, near the bottom of the
page.

http://www.marsartgallery.com/s_sandsofmars.html Sand ripples on Mars

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 Warren, A., “Arid geomorphology,” Progress in Physical Geography, 8, No. 3, 399-420 (1984)
eee Kobayashi, N., and O. S. Madsen, “Formation of ripples in erodible channels,” Journal of Geophysical
Research, 90, No. C4, 7332-7340 (20 July 1985)
e Werner, B. T., P. K. Haff, R. P. Livi, and R. S. Anderson, “Measurement of eolian sand ripple cross-sectional
shapes,” Geology, 14, 743-745 (September 1986)
ee Buckley, R., “The effect of sparse vegetation on the transport of dune sand by wind,” Nature, 325, 426-428
(January 1987)
ee Anderson, R. S., and P. K. Haff, “Simulation of eolian saltation,” Science, 241, 820-823 (12 August 1988)
o Willetts, B. B., M. A. Rice, J. Hardisty, and R. J. S. Whitehouse, (letters) “Effect of bedslope on desert sand
transport,” Nature, 334, 302 (28 July 1988)
o Hallet, B., “Spatial self-organization in geomorphology: from periodic bedforms and patterned ground to
scale-invariant topography,” Earth-Science Reviews, 29, Nos. 1-4, 57-75 (1990)
eee \Werner, B. T., “A steady-state model of wind-blown sand transport,” Journal of Geology, 98, No. 1, 1-17
(January 1990)
eee Kind, R. J., “Mechanics of aeolian transport of snow and sand,” Journal of Wind Engineering and Industrial
Aerodynamics, 36, 855-866 (1990)
e Forrest, S. B., and P. K. Haff, “Mechanics of wind ripple stratigraphy,” Science, 255, 1240-1243 (6 March
1992)
e Anderson, R. S., and K. L. Bunas, “Grain size segregation and startigraphy in aeolian ripples modeled with
a cellular automaton,” Nature, 365, 740-743 (21 October 1993)
eee Nishimori, H., and N. Ouchi, “Formation of ripple patterns and dunes by wind-blown sand,” Physical
Review Letters, 71, No. 1, 197-200 (5 July 1993); correction: Figure 1(b) on page 199 should be rotated by
180°
eee McEwan, I. K., “Bagnold’s kink: a physical feature of a wind velocity profile modified by blown sand?”
Earth Surface Processes & Landforms, 18, No. 2, 145-156 (March 1993)
eee Hoyle, R. B., and A. W. Woods, “Analytical model of propagating sand ripples,” Physical Review E, 56,
No. 6, 6861-6868 (December 1997)



Fluids 129

eee Betat, A., V. Frette, and I. Rehberg, “Sand ripples induced by water shear flow in an annular channel,”
Physical Review Letters, 83, No. 1, 88-91 (5 July 1999)

eee Kurtze, D. A,, J. A. Both, and D. C. Hong, “Surface instability in windblown sand,” Physical Review E,
61, No. 6, 6750-6758 (June 2000)

¢ Hansen, J. L., M. van Hecke, A. Haaning, C. Ellegaard, K. H. Andersen, T. Bohr, and T. Sams, “Instabilities
in sand ripples,” Nature, 410, 324 (15 March 2001)

eee Miao, T.-D., Q.-S. Mu, and S.-Z. Wu, “Computer simulation of aeolian sand ripples and dunes,” Physics
Letters A, 288, 16-22 (2001)

eee Zhang, Q.-H., and T.-D. Miao, “Aeolian sand ripples around plants,” Physical Review E, 67, article #
051304 (4 pages) (2003)

eee Andreotti, B., “A two-species model of aeolian sand transport,” Journal of Fluid Mechanics, 510, 47-70
(2004)

eee Yizhag, H., N. J. Balmforth, and A. Provenzale, “Blown by wind: nonlinear dynamics of aeolian sand
ripples,” Physica D, 195, 207-228 (2004)

¢ Bullard, J. E., “Arid geomorphology,” Progress in Physical Geography, 29, No. 1, 93-103 (2005)

¢ Almeida, M. P., J. S. Andrade, Jr., and H. J. Herrmann, “Aeolian transport layer,” Physical Review Letters,
96, article # 018001 (13 January 2006)

ee Zhang, Q-H., and T-D. Miao, “Surface waves in Aeolian bedforms,” Physics Letters A, 372, 3429-3433
(2008)

Related references

eee Hunt, M. L., R. Zenit, C. S. Campbell, and C. E. Brennen, “Revisiting the 1954 suspension experiments
of R. A. Bagnold,” Journal of Fluid Mechanics, 452, 1-24 (2002)

ee Dong, Z., X. Liu, H. Wang, and X. Wang, “Aeolian sand transport: a wind tunnel model,” Sedimentary
Geology, 161, 71-83 (2003)

2.111 Sand dunes
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.nature.com/nature/journal/v437/n7059/fig_tab/nature04058 F1.html Sketches and discussion,
from article in Nature

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 Hanna, S. R., “The formation of longitudinal sand dunes by large helical eddies in the atmosphere,” Journal
of Applied Meteorology, 8, 874-883 (December 1969)
¢ Hastings, J. D., “Sand streets,” Meteorological Magazine, 100, 155-156 (1971)
¢ Belser, B., “Bagnold of the dunes,” Science 82, 3, 30-35 + 103 (March 1982)
e Hannes, G. P, and S. M. Hannes, “Lake Erie snow dunes,” Weatherwise, 35, No. 6, 278-279 (December
1982)
e Tsoar, H., “Dynamic processes acting on a longitudinal (seif) sand dune,” Sedimentology, 30, No. 4, 567-
578 (1983)
e Warren, A., “Arid geomorphology,” Progress in Physical Geography, 8, No. 3, 399-420 (1984)



Fluids 130

ee Hardisty, J., and R. J. S. Whitehouse, “Evidence for a new sand transport process form experiments on
Saharan dunes,” Nature, 332, 532-534 (7 April 1988)

ee Tsoar, H., “Linear dunes---forms and formation,” Progress in Physical Geography, 13, No. 4, 507-528
(December 1989)

eee Nishimori, H., and N. Ouchi, “Formation of ripple patterns and dunes by wind-blown sand,” Physical
Review Letters, 71, No. 1, 197-200 (5 July 1993); correction: Figure 1(b) on page 199 should be rotated by
180°

eee Tseo, G., “Two types of longitudinal dune fields and possible mechanisms for their development,” Earth
Surface Processes and Landforms, 18, 627-643 (1993)

o Werner, B. T., “Eolian dunes: computer simulations and attractor interpretation,” Geology, 23, No. 12, 1107-
1110 (1995)

e Frank, D., and G. Kocurek, “Toward a model for airflow on the lee side of aeolian dunes,” Sedimentology,
43, 451-458 (1996)

eee Nishimori, H., M. Yamasaki, and K. H. Andersen, “A simple model for the various pattern dynamics of
dunes,” International Journal of Modern Physics B, 12, No. 3, 257-272 (1998)

e Gray Jr., S. P., “Observations regarding the movement of barchan sand dunes in the Nazca to Tanaca area of
southern Peru,” Geomorphology, 27, 279-293 (1999)

eee Momiji, H., R. Carretero-Gonzalez, S. R. Bishop, and A. Warren, “Simulation of the effect of wind
speedup in the formation of transverse dune fields,” Earth Surface Processes and Landforms, 25, 905-918
(2000)

eee Momiji, H., and A. Warren, “Relations of sand trapping efficiency and migration speed of transverse dunes
to wind velocity,” Earth Surface Processes and Landforms, 25, 1069-1084 (2000)

e Zhang, W., J. Qu, Z. Dong, X. Li, and W. Wang, “The airflow field and dynamic processes of pyramid
dunes,” Journal of Arid Environments, 45, 357-368 (2000)

ee Wiggs, G. F. S., “Desert dune processes and dynamics,” Progress in Physical Geography, 25, No. 1, 53-79
(2001)

eee Amarouchene, Y., J. F. Boudet, and H. Kellay, “Dynamic sand dunes,” Physical Review Letters, 86, No.
19, 4286-4289 (7 May 2001)

eee | ima, A. R., G. Sauermann, H. J. Herrmann, and K. Kroy, “Modeling a dune field,” Physica A, 310, 487-
500 (2002)

eee Momiji, H., and S. R. Bishop, “Estimating the windward slope profile of a barchan dune,” Sedimentology,
49, 467-481 (2002)

ee Momiji, H., and A. Warren, “The propagation of an error in Long and Sharp’s (1964) data on barchan dune
movement,” Earth Surface Processes and Landforms, 27, 573-575 (2002)

ee Hersen, P., S. Douady, and B. Andreotti, “Relevant length scale of barchan dunes,” Physical Review Letters,
89, No. 26, article # 264301 (4 pages) (23 December 2002)

eee Andreotti, B., P. Claudin, and S. Douady, “Selection of dune shapes and velocities. Part 1: Dynamics of
sand, wind and barchans,” European Journal B., 28, 321-339 (2002)

eee Andreotti, B., P. Claudin, and S. Douady, “Selection of dune shapes and velocities. Part 2: A two-
dimensional modeling,” European Physics Journal B, 28, 341-352 (2002)

eee Momiji, H., H. Nishimori, and S. R. Bishop, “On the shape and migration speed of a proto-dune,” Earth
Surface Processes and Landforms, 27, 1335-1338 (2002)

eee Kroy, K., G. Sauermann, and H. J. Herrmann, “Minimal model for aeolian sand dunes,” Physical Review
E, 66, article # 031302 (2002)

ee Lima, A. R,, G. Sauermann, H. J. Herrmann, and K. Kroy, “Modelling a dune field,” Physica A, 310, 487-
500 (2002)

oo Walker, I. J., and W. G. Nickling, “Dynamics of secondary airflow and sediment transport over and in the
lee of transverse dunes,” Progress in Physical Geography, 26, No. 1, 47-75 (2002)



Fluids 131

ee Schwammle, V., and H. J. Herrmann, “Solitary wave behaviour of sand dunes,” Nature, 426, 619-620 (11
December 2003)

eee Sauermann, G., J. S. Andrade Jr, L. P. Maia, U. M. S. Costa, A. D. Araujo, and H. J. Herrmann, “Wind
velocity and sand transport on a barchan dune,” Geomorphology, 54, 245-255 (2003)

o Walker, I. J., and W. G. Nickling, “Simulation and measurement of surface shear stress over isolated and
closely spaced transverse dunes in a wind tunnel,” Earth Surface Processes and Landforms, 28, 1111-1124
(2003)

¢ Endo, N., K. Taniguchi, and A. Katsuki, “Observation of the whole process of interaction between barchans
by flume experiments,” Geophysical Research Letters, 31, article # L12503 (3 pages) (2004)

ee Endo, N., H. Kubo, and T. Sunamura, “Barchan-shaped ripple marks in a wave flume,” Earth Surface
Processes and Landforms, 29, 31-42 (2004)

eee Hersen, P., K. H. Andersen, H. Elbelrhiti, B. Andreotti, P. Claudin, and S. Douady, “Corridors of barchan
dunes: stability and size selection,” Physical Review E, 69, article # 011304 (12 pages) (2004)

eee Schwammle, V., and H. Herrmann, “Modelling transverse dunes,” Earth Surface Processes and
Landforms, 29, 769-784 (2004)

e Tsoar, H., D. G. Blumberg, and Y. Stoler, “Elongation and migration of sand dunes,” Geomorphology, 57,
293-302 (2004)

¢ Wang, X., Z. Dong, J. Zhang, and J. Qu, “Formation of the complex linear dunes in the central Taklimakan
Sand Sea, China,” Earth Surface Processes and Landforms, 29, 677-686 (2004)

eee Katsuki, A., H. Nishimor, N. Endo, and K. Taniguchi, “Collision dynamics of two barchan dunes simulated
using a simple model,” Journal of the Physical Society of Japan, 74, No. 2, 538-541 (February 2005)

eee Kroy, K., S. Fischer, and B. Obermayer, “The shape of barchan dunes,” Journal of Physics: Condensed
Matter, 17, S1229-S1235 (2005)

e Livingstone, I., G. F. S. Wiggs, and M. Baddock, “Barchan dunes: why they cannot be treated as ‘solitons’
or ‘solitary waves’,” Earth Surface Processes and Landforms, 30, 255-257 (2005)

¢ Bullard, J. E., “Arid geomorphology,” Progress in Physical Geography, 29, No. 1, 93-103 (2005)

eee Schwammle, V., and H. J. Herrmann, “A model of barchan dunes including lateral shear stress,” European
Physical Journal E, 16, 57-65 (2005)

e Schwammle, V., and H. Herrmann, “Reply to the discussion on “Barchan dunes: why they cannot be treated
as ‘solitons’ or “solitary waves’”,” Earth Surface Processes and Landforms, 30, 517 (2005)

ee Katsuki, A., M. Kikuchi, and N. Endo, “Emergence of a barchan belt in a unidirectional flow: experiment
and numerical simulation,” Journal of the Physical Society of Japan, 74, No. 3, 878-881 (2005)

ee Wang, T., W. Zhang, Z. Dong, J. Qu, Z. Jing, W. Wang, and J. Feng, “The dynamic characteristics and
migration of a pyramid dune,” Sedimentology, 52, 429-440 (2005)

eee Duran, O., V. Schwammle, and H. Herrmann, “Breeding and solitary wave behavior of dunes,” Physical
Review E, 72, article # 021308 (2005)

ee Elbelrhiti, H., P. Claudin, and B. Andreotti, “Field evidence for surface-wave-induced instability of sand
dunes,” Nature, 437, No. 7059, 720-723 (September 2005)

ee Zhang, Q-H., and T-D. Miao, “Surface waves in Aeolian bedforms,” Physics Letters A, 372, 3429-3433
(2008)

ee Groh, C., A. Wierschem, N. Aksel, I. Rehberg, and C. A. Kruelle, “Barchan dunes in two dimensions:
Experimental tests for minimal models,” Physical Review E, 78, article # 021304 (2008)

ee Groh, C., I. Rehberg, and C. A. Kruelle, “How attractive is a barchan dune?” New Journal of Physics, 11,
article # 023014 (13 pages) (2009)

oo Parteli, E. J. R., J. S. Andrade, Jr., and H. J. Herrmann, “Transverse instability of dunes,” Physical Review
Letters, 107, article # 188001 (5 pages) (28 October 2011)

Related reference



Fluids 132

e Bristow, C. S., S. D. Bailey, and N. Lancaster, “The sedimentary structure of linear sand dunes,” Nature,
406, 56-59 (6 July 2000) 2000

2.112 Yardangs and other sand cuttings
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://epod.usra.edu/archive/epodviewer.php3?0id=219392 Photo
http://www.virtualbay.co.nz/nature/pics/More-Sand-Ripples.jpg Beach ripples
http://www.gosahara.de/egypt/Yardang.jpg Photo
http://www.gps.caltech.edu/~rkopp/photos/2006 Texas/images/23.html Photo
http://www?2.nature.nps.gov/geology/geologic_wonders/images/yardang.JPG Photo

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 Mattsson, J. O., “Wind-tilted pebbles in sand --- some field observations and simple experiments,” Nordic
Hydrology, 7, 191-208 (1976)
o Carter, R. W. G., “Ephemeral sedimentary structures formed during Aeolian deflation of beaches,” Geology
Magazine, 115, 379-382 (1978)
o Whitney, M. |., “The role of vorticity in developing lineation by wind erosion,” Geological Society of
America Bulletin, 89, 1-18 (January 1978)
e Ward, A. W., “Yardangs on Mars: evidence of recent wind erosion,” Journal of Geophysical Research, 84,
No. B14, 8147-8166 (30 December 1979)
e McCauley, J. F., C. S. Breed, F. EI-Baz, M. I. Whitney, M. J. Grolier, and A. W. Ward, “Pitted and fluted
rocks in the Western Desert of Egypt: Viking comparisons,” Journal of Geophysical Research, 84, No. B14,
8222-8232 (30 December 1979)
e Sharp, R. P., “Wind-driven sand in Coachella Valley, California: Further data,” Geological Society of
America Bulletin, 91, Part 1, 724-730 (December 1980)
¢ Vortisch, W., and M. Lindstrom, “Surface structures formed by wind activity on a sandy beach,” Geology
Magazine, 117, No. 5, 491-496 (1980)
¢ Sakamoto-Arnold, C. M., “Eolian features produced by the December 1977 windstorm, southern San Joaquin
Valley, California,” Journal of Geology, 89, 129-137 (1981)
e Suzuki, T., and K. Takahashi, “An experimental study of wind abrasion,” Journal of Geology, 89, 509-522
(1981); this is the corrected republication
e Ward, A. W., and R. Greenley, “Evolution of the yardangs at Rogers Lake, California,” Geological Society
of America Bulletin, 95, 829-837 (July 1984)
e Whitney, M. I., “Yardangs,” Journal of Geological Education, 33, 93-96 + cover + explanation of cover
photo (1985)
o Lawler, D., photo, Geology, 15, No. 2, cover photo + explanation on the Table of Contents (February 1987)
e Dekker, L. W., and C. J. Ritsema, “Fingered flow: the creator of sand columns in dune and beach sands,”
Earth Surface Processes and Landforms, 19, No. 2, 153-164 (March 1994)
e Dekker, L. W., and C. J. Ritsema, “Fingerlike wetting patterns in two water-repellent loam soils,” Journal of
Environmental Quality, 24, No. 2, 324-333 (March-April 1995)
e Jackson, D. W. T., and J. A. G. Cooper, “Formation of ephemeral bedform turrets in coastal foredunes,”
Journal of Geology, 107, 633-639 (1999)



Fluids 133

e Edelman, M., (photo) “Shapes in the sand,” New Scientist, 187, No. 2511, inside back cover (6-12 August
2005)

¢ Vincent, P., and F. Kattan, “Yardangs on the Cambro-Ordovician saq sandstones, North-West Saudi Arabia,”
Zeitschrift fur Geomorphologie, 50, No. 3, 305-320 (September 2006)

eee \Wang, Z-T., H-T. Wang, Q-H. Niu, Z-B. Dong, and T. Wang, “Abrasion of yardangs,” Physical Review
E, 84, article # 031304 (8 pages) (2011)

Related reference
e Sherman, D. J., D. W. T. Jackson, S. L. Namikas, and J. Wang, “Wind-blown sand on beaches: an evaluation
of models,” Geomorphology, 22, 113-133 (1998)

2.113 Snow fences and wind deposits
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://instaar.colorado.edu/tundracam/img_gallery3/snow_fence in_action.jpg Photo
http://instaar.colorado.edu/tundracam/img_gallery3/snow fence in_action.jpg Photo of buried sand fence
http://people.ucsc.edu/~mloik/scapphotos.htm Photos
http://www.unl.edu/nac/aug94/snowfences/snowfence.html Discussion

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 Pedgley, D. E., “The shapes of snowdrifts,” Weather, 22, 42-48 (1967)
e Brownhill J., and J. B. Thompson, (photos) “Snowdrifts,” Weather, 22, 494 (1967)
e Price, B. T., “I. Social significance of airflow problems. Airflow problems related to surface transport
systems,” Philosophical Transactions of the Royal Society of London A, 269, 327-333 (1971)
e Mazzarella, D. A., “Snow-free rings around trees. Microclimates in snow,” Weatherwise, 32, 247-250
(December 1979)
ee Tabler, R. D., “Geometry and density of drifts formed by snow fences,” Journal of Glaciology, 26, No. 94,
405-419 (1980)
ee Zhonglong, W., and C. Yuan, “Research on prevention of snow-drifts by blower fences,” Journal of
Glaciology, 26, No. 94, 435-445 (1980)
eee Takeuchi, M., “Vertical profile and horizontal increase of drift-snow transport,” Journal of Glaciology, 26,
No. 94, 481-492 (1980)
eee Fohn, P. M. B., “Snow transport over mountain crests,” Journal of Glaciology, 26, No. 94, 469-480 (1980)
ee Schmidt, R. A., “Threshold wind-speeds and elastic impact in snow transport,” Journal of Glaciology, 26,
No. 94, 453-467 (1980)
ee Tabler, R. D., “Geometry and density of drifts formed by snow fences,” Journal of Glaciology, 26, No. 94,
405-419 (1980)
¢ Senft, D. H., “Vegetative snow fences,” Agricultural Research, 28, No. 11, 15 (1980)
ee Norem, H., “Design criteria and location of snow fences,” Annals of Glaciology, 6, 68-70 (1985)
¢ Shaw, D. L., “The design and use of living snow fences in North America,” Agriculture, Ecosystems and
Environment, 22/23, 351-362 (August 1988)



Fluids 134

ee Pomeroy, J. W., and D. M. Gray, “Saltation of snow,” Water Resources Research, 26, No. 7, 1583-1594
(July 1990)

e Takeuchi, Y., S. Kobayashi, T. Sato, K. Izumi, K. Kosugi, W. Xin, Z. Jiapin, and P. Yongheng, “The effect
of wind direction on drift control by snow fences,” Annals of Glaciology, 32, 159-162 (2001)

Related references

e Morrison, A., (letter) “Unusual snow patterns on a frozen lake, northern Norway,” Journal of Glaciology,
28, No. 98, 216-217 (1982)

e Lynch, D. K., (letter) “Snow-field patterns,” Weather, ??, 31-32 (1986)

e Harper, W., (photos) “Rime ice at Holme Moss, Yorkshire,” Weather, 24, 497 (1969)

2.114 Snow avalanches
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=6qVwluznFW0 Video of skier who causes an avalanche, which then
sweeps down the cameraman

http://www.youtube.com/watch?v=Z2L 3QIEgil&mode=related&search= Video: snowboarder triggers an
avalanche

http://www.youtube.com/watch?v=BORWLXOFGL Y &mode=related&search= Video of avalanches
http://www.youtube.com/watch?v=JhUhhbiNHis&mode=related&search=Video of snowboarder; very, very
dangerous: racing with an avalanche. Music by Wolfmother (one of my favorite groups)

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 English, D. R., “The dynamics of avalanches,” American Mathematical Monthly, 77, No. 8, 859-862
(October 1970)
e Lind, D. A., “The physics of snow and avalanche phenomena,” Physics Teacher, 18, 103-114 (February
1980)
e Scheiwiller, T., and K. Hutter, “Avalanche dynamics. Review of experiments and theoretical models of flow
and powder-snow avlanches,” Journal of Glaciology, 29, No. 102, 283-285 (1983)
eee Scheiwiller, T., K. Hutter, and F. Hermann, “Dynamics of powder snow avalanches,” Annales
Geophysicae, 5B, No. 6, 569-588 (1987)
e Colbeck, S. C., “The layered character of snow covers,” Reviews of Geophysics, 29, No. 1, 81-96 (February
1991)
eee Beghin, P., and X. Olagne, “Experimental and theoretical study of the dynamics of powder snow
avalanches,” Cold Regions Science and Technolgy, 19, No. 3, 317-326 (August 1991)
eee McClung, D. M., and A. I. Mears, “Dry-flowing avalanche run-up and run-out,” Journal of Glaciology,
41, No. 138, 359-372 (1995)
ee McClung, D. M., “Superelevation of flowing avalanches around curved channel bends,” Journal of
Geophysical Research, 106, No. B8 16489-16498 (10 August 2001)
e Jamieson, B., and C. Stethem, “Snow avalanche hazards and management in Canada: challenges and
progress,” Natural Hazards, 26, 35-53 (2002)



Fluids 135

eee Hakonardottir, K. M., A. J. Hogg, T. Johannesson, M. Kern, and F. Tiefenbacher, “Large-scale avalanche
braking mound and catching dam experiments with snow: a study of the airborne jet,” Surveys in Geophysics,
24, 543-554 (2003)

ee Hakonardottir, K. M., A. J. Hogg, T. Johannesson, and G. G. Tomasson, “A laboratory study of the retarding
effects of braking mounds on snow avalanches,” Journal of Glaciology, 49, No. 165, 191-200 (2003)

eee Turnbull, B., and P. Bartelt, “Mass and momentum balance model of a mixed flowing/powder snow
avalanche,” Surveys in Geophysics, 24, 465-477 (2003)

e Salm, B., “A short and personal history of snow avalanche dynamics,” Cold Regions Science and
Technology, 39, 83-92 (2004)

ee Primus, M., F. Naaim-Bouvet, M. Naaim, and T. Faug, “Physical modeling of the interaction between
mounds or deflecting dams and powder snow avalances,” Cold Regions Science and Technology, 39, 257-267
(2004)

eee Rastello, M., and E. J. Hopfinger, “Sediment-entraining suspension clouds: a model of powder-snow
avalanches,” Journal of Fluid Mechanics, 509, 181-206 (2004)

eee Rice Jr., R, and R. A. Decker, “Modeling waves and short-lived peak velocities and impact loads
associated with snow avalanches,” Cold Regions Science and Technology, 41, 221-233 (2005)

eee Rice Jr., R., and R. A. Decker, “Modeling waves and shrot-lived peak velocities and impact load associated
with snow avalanches,” Cold Regions Science and Technology, 41, 221-233 (2005)

e Ancey, C., and S. Cochard, “Understanding avalanches,” Physics World, 19, No. 7, 29-31 (July 2006)

Related reference
e Radwin, M. I, and C. K. Grissom, “Technological advances in avalanche survival,” Wilderness and
Environmental Medicine, 13, No. 2, 143-152 (summer 2002)

2.115 Long-runout landslides
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=f190nak6KCQ Japan landslide shot from just to the side of the slide.
Scarry stuff.

http://www.ireap.umd.edu/granular/avalanche/welcome.html Photos and discussion
http://www.eos.ubc.ca/research/landslides/landslides_files/image003.gif Photo

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 Hsu, K. J., “Catastrophic debris streams (sturzstroms) generated by rockfalls,” Geological Society of
America Bulletin, 86, 129-140 (1975)
eee Melosh, H. J., “Acoustic fluidization: a new geologic process?” Journal of Geophysical Research B, 84,
No. B13, 7513-7520 (10 December 1979)
eee Takahashi, T., “Debris flow,” Annual Review of Fluid Mechanics, 13, 57-77 (1981)
e Melosh, H. J., “Acoustic fluidization. Can sound waves explain why dry rock debris appears to flow like a
fluid in some energetic geologic events?” American Scientist, 71, 158-165 (March-April 1983)
ee Alexander, D., “’God’s handy-worke in wonders’---Landslide dynamics and natural hazard implications of
a sixteenth century disaster,” Professional Geographer, 35, No. 3, 314-323 (1983)
e Scheidegger, A. E., “A review of recent work on mass movements on slopes and on rock falls,” Earth-Science
Reviews, 21, No. 4, 225-249 (1984)



Fluids 136

eee Melosh, H. J., “The physics of very large landslides,” Acta mechanica, 64, Nos. 1-2, 89-99 (December
1986)

¢ Erismann, T. H., “Flowing, rolling, bouncing, sliding: synopsis of basic mechanisms,” Acta Mechanica, 64,
Nos. 1-2, 101-110 (1986)

ee Campbell, C. S., “Self-lubrication for long runout landslides,” Journal of Geology, 97, No. 6, 653-665
(November 1989)

eee Foda, M. A., “Landslides riding on basal pressure waves,” Continuum Mechanics and Thermodynamics,
6, No. 1, 61-79 (Febraury 1994)

¢ Abele, G., “Large rockslides: their causes and movement on internal sliding planes,” Mountain Research and
Development, 14, No. 4, 315-320 (1994)

eee McClung, D. M., and A. I, “Dry-flowing avalanche run-up and run-out,” Journal of Glaciology, 41, No.
138, 359-372 (1995)

eee Straub, S., “Predictability of long runout landslide motion: implications from granular flow mechanics,”
Geologische Rundschau,” 86, No. 2, 415-425 (August 1997)

eee Kilburn, C. R. J.,, and S.-A. Sorensen, “Runout lengths of sturzstroms: the control of initial conditions and
of fragment dynamics,” Journal of Geophysical Research, 103, No. B8, 17877-17884 (10 August 1998)

eee Dade, W. B., and H. E. Huppert, “Long-runout rockfalls,” Geology, 26, No. 9, 803-806 (1998)

eee Gray, J. M. N. T., M. Wieland, and K. Hutter, “Gravity-driven free surface flow of granular avalanches
over complex basal topography,” Proceedings of the Royal Society of London A, 1841-1874 (1999)

ee Davies, T. R., and M. J. McSaveney, “Runout of dry granular avalanches,” Canadian Geotechnical Journal,
36, No. 2, 313-320 (April 1999)

eee Okura, Y., H. Kitahara, and T. Sammori, “Fluidization in dry landslides,” Engineering Geology, 56, 347-
360 (2000)

ee Miao, T. D., Z. Y Liu, Y. H. Niu, and C. W. Ma, “A sliding block model for the runout prediction of high-
speed landslides,” Canadian Geotechnical Journal, 38, 217-226 (2001)

eee Tai, Y. C., J. M. N. T. Gray, K. Hutter, and S. Noelle, “Flow of dense avalanches past obstructions,”
Annals of Glaciology, 32, 281-284 (2001)

eee | egros, F., “The mobility of long-runout landslides,” Engineering Geology, 63, 301-331 (2002)

eee Pitman, E. B., C. C. Nichita, A. Patra, A. Bauer, M. Sheridan, and M. Bursik, “Computing granular
avalanches and landslides,” Physics of Fluids, 15, No. 12, 3638-3646 (December 2003)

e Ballantyne, C. K., “A Scottish sturzstrom: the Beinn Alligin rock avalanche, Wester Ross,” Scottish
Geological Journal, 119, No. 2, 159-167 (2003)

eee Collins, G. S., and H. J. Melosh, “Acoustic fluidization and the extraordinary mobility of sturzstroms,”
Journal of Geophysical Research, 108, No. B10, article # 2473 (14 pages) (2003)

ee Brodsky, E. E., E. Gordeev, and H. Kanamori, “Landslide basal friction as measured by seismic waves,”
Geophysical Research Letters, 30, No. 24, article # 2236 (5 pages) (16 December 2003)

ee Hungr, O., and S. G. Evans, “Entrainment of debris in rock avalanches: An analysis of a long run-out
mechanism,” Geological Society of America Bulletin, 116, Nos. 9-10, 1240-1252 (2004)

eee Chiou, M.-C., Y. Wang, and K. Hutter, “Influence of obstacles on rapid granular flows,” Acta Mechanica,
175, 105-122 (2005)

ee | ajeunesse, E., C. Quantin, P. allemande, and C. Delacourt, “New insights on the runout of large landslides
in the Valles-Marineris canyons, Mars,” Geophysical Research Letters, 33, L04403, article # 025168,
doi:10.1029/2005GL025168 (4 pages) (2006)

ee Devitt, J., and P. Loader, “Landslides: a question of balance,” Physics Education, 43, No.2, 151-157 (March
2008)

Related references



Fluids 137

e Huppert, H., J. S. Turner, S. N. Carey, R. S. J. Sparks, and M. A. Hallworth, “A laboratory simulation of
pyroclastic flows down slopes,” Journal of Volcanology and Geothermal Research, 30, Nos. 3-4, 179-199
(1986)

eee Gudehus, G., “On the onset of avalanches in flooded loose sand,” Philosophical Transactions of the Royal
Society of London A., 356, 2747-2761 (1998)

eee Huppert, H. E., and W. B. Dade, “Natural disasters: explosive volcanic eruptions and gigantic landslides,”
Theoretical and Computational Fluid Dynamics, 10, 201-212 (1998)

ee Keefer, D. K., “Investigating landslides caused by earthquake---a historical review,” Surveys in Geophysics,
23, 473-510 (2002)

eee Fritz, H. M., W. H. Hager, and H.-E. Minor, “Landslide generated impulse waves. 1. Instantaneous flow
fields,” Experiments in Fluids, 35, 505-519 (2003)

eee Pudasaini, S. P., and K. Hutter, “Rapid shear flows of dry ganular masses down curved and twisted
channels,” Journal of Fluid Mechanics, 495, 193-208 (2003)

eee Faug, T., M. Naaim, and F. Naaim-Bouvet, “An equation for spreading length, center of mass and
maximum run-out shortenings of dense avalanche flows by vertical obstacles,” Cold Regions Science and
Technology, 39, 141-151 (2004)

2.116 Rockfalls
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.physicalgeography.net/fundamentals/10x.html Discussion plus photos
http://virtual.yosemite.cc.ca.us/ghayes/happy.htm Happy Isles rockfall site
http://seismo.berkeley.edu/events of interest/yosemite/eoi_yos.html Rockfall site

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 Porter, S. C., and G. Orombelli, “Alpine rockfall hazards,” American Scientist, 69, No. 1, 67-75 (January-
February 1981)
e Scheidegger, A. E., “A review of recent work on mas movements on slopes and on rock falls,” Earth-Science
Reviews, 21, No. 4, 225-249 (1984)
e Uhrhammer, R. A., (abstract) “Seismic analysis of the Yosemite rock fall of July 10, 1996,” EOS, 77, 508
(1996)
o Wieczorek, G. F., and S. Jager, “Triggering mechanisms and depositional rates of postglacial slope-
movement processes in the Yosemite Valley, California,” Geomorphology, 15, 17-31 (1996)
¢ Day, R. W., “Case studies of a rockfall in soft versus hard rock,” Environmental & Engineering Geoscience,
3, No. 1, 133-140 (spring 1997)
e Peila, D., S. Pelizza, and F. Sassudelli, “Evaluation of behaviour of rockfall restraining nets by full scale
tests,” Rock Mechanics and Rock Engineering, 31, No. 1, 1-24 (1998)
ee Morrissey, M. M., and W. Z. Savage, “Air blasts generated by rockfall impacts: analysis of the 1996 Happy
Isles event in Yosemite National Park,” Journal of Geophysical Research, 104, No. B10, 23189-13198 (10
October 1999)
ee Matsuoka, N., and H. Sakai, “Rockfall activity from an alpine cliff during thawing periods,”
Geomorphology, 28, 309-328 (1999)



Fluids 138

o Wieczorek, G. F., J. B. Snyder, R. B. Waitt, M. M. Morrissey, R. A. Uhrhammer, E. L. Harp, R. D. Norris,
M. 1. Bursik, and L. G. Finewood, “Unusual July 10, 1996, rock fall at Happy Isles, Yosemite National Park,
California,” Geological Society of American Bulletin, 112, No. 1, 75-85 (January 2000). Photos 1 and 2 in
Fig. 11 are reversed; correction on page 959 (June 200)

eee Okura, Y., H. Kitahara, T. Sammori, and A. Kawanami, “The effects of rockfall volume on runout
distance,” Engineering Geology, 58, 109-124 (2000)

ee Dorren, L. K. A., “A review of rockfall mechanics and modelling approaches,” Progress in Physical
Geography, 27, No. 1, 69-87 (2003)

Related references

eee Fritz, H. M., W. H. Hager, and H.-E. Minor, “Landslide generated impulse waves. 1. Instantaneous flow
fields,” Experiments in Fluids, 35, 505-519 (2003)

¢ Hall, K., “Evidence for freeze-thaw events and their implications for rock weathering in northern Canada,”
Earth Surface Processes and Landforms, 29, 43-57 (2004)

e Hall, K., C. E. Thorn, N. Matsuoka, and A. Prick, “Weathering in cold regions: some thoughts and
perspectives,” Progress in Physical Geography, 26, No. 4, 577-603 (2002)

2.117 Fluttering flags and ribbons
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=GqvfgQo_Gs0 Flapping toilet paper as rolls are thrown through the air
(well, actually many rows)
http://www.physicscentral.com/pictures/2001/flags.html APS page on flag flapping

References

Dots e through eee indicate level of difficulty

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

Book reference style: author, title, publisher, date, pages
¢ Prandtl, L., Essentials of Fluid Dynamics, Blackie & Sons, 1967, page 51, see footnote
eee Datta, S. K., and W. G. Gottenberg, “Instability of an elastic strip hanging in an airstream,” Journal of
Applied Mechanics, 97, 195-198 (March 1975)
ee Bejan, A., “The meandering fall of paper ribbons,” Physics of Fluids, 25, No. 5, 741-742 (May 1982)
ee Bejan, A., “Buckling flows: exploring the origins and structure of turbulence,” Mechanical Engineering,
111, 70-74 (November 1989)
eee Vorobieff, P., and R. E. Ecke, “Cylinder wakes in flowing soap films,” Physical Review E, 60, No. 3,
2953-2956 (September 1999)
¢ Weiss, P., “Silk and soap settle a century-old flap,” Science News, 158, 390 (16 December 2000)
¢ Zhang, J., S. Childress, A.Libchaber, and M. Shelley, “Flexible filaments in a flowing soap film as a model
for one-dimensional flags in a two-dimensional wind,” Nature, 408, 835-839 (14 December 2000)
eee Fitt, A. D., and M. P. Pope, “The unsteady motion of two-dimensional flags with bending stiffness,”
Journal of Engineering Mathematics, 40, 227-248 (2001)
ee Watanabe, Y., S. Suzuki, M. Sugihara, and Y. Sueoka, “An experimental study of paper flutter,” Journal of
Fluids and Structures, 16, No. 4, 529-542 (2002)
eee \Watanabe, Y., K. Isogai, S. Suzuki, and M. Sugihara, “A theoretical study of paper flutter,” Journal of
fluids and Structures, 16, No. 4, 543-560 (2002)



Fluids 139

e Zhu, L, and C. S. Peskin, “Interaction of two flapping filaments in a flowing soap film,” Physics of Fluids,
15, No. 7, 1954-1960 (July 2003)

eee Farnell, D. J. J., T. David, and D. C. Barton, “Coupled states of flapping flags,” Journal of Fluids and
Structures, 19, 29-36 (2004)

eee Argentina, M., and L. Mahadevan, “Fluid-flow-induced flutter of a flag,” Proceedings of the National
Academy of Sciences of the United States of America, 102, No. 6, 1829-1834 (8 February 2005)

eee Connell, B. S. H., and D. K. P. Yue, “Flapping dynamics of a flag in a uniform stream,” Journal of Fluid
Mechanics, 581, 33-67 (2007)

eee Alben, S., “The flapping-flag instability as a nonlinear eigenvalue problem,” Physics of Fluids, 20, article
# 104106 (11 pages) (2008)

e Anom., “Flapping flags in tandem,” Physics Today, , 108 (November 2008)

eee Manela, A., and M. S. Howe, “The forced motion of a flag,” Journal of Fluid Mechanics, 635, 439-454
(2009)

eee Alben, S., “Wake-mediated synchronization and drafting in coupled flags,” Journal of Fluid Mechanics,
641, 489-496 (2009)

eee Michelin, S., and S. G. L. Smith, “Falling cards and flapping flags: understanding fluid-solid interactions
using an unsteady point vortex model,” Theoretical and Computational Fluid Dynamics, 24, Nos. 1-4, 195-
200 (March 2010)

eee Huang, W-X., and H. J. Sung, “Three-dimensional simulation of a flapping flag in a uniform flow,” Journal
of Fluid Mechanics, 653, 301-336 (2010)

eee Hoepffner, J., and Y. Naka, “Oblique waves lift the flapping flag,” Physical Review Letters, 107, article #
194502 (4 pages) (4 November 2011)

Related references

eee Couder, Y., J. M. Chomaz, and M. Rabaud, “On the hydrodynamics of soap films,” Physica D, 37, 384-
405 (1989)

ee Gharib, M., and P. Derango, “A liquid film (soap film) tunnel to study two-dimensional laminar and
turbulent shear flows,” Physica D, 37, 406-16 (1989)

ee Beizale, M., and M. Gharib, “Fundamentals of a liquid (soap) film tunnel,” Experiments in Fluids, 23, 130-
140 (1997)

e Carlson, S., “Fun with flat fluids. Some very serious and sober experiments with giant soap films,” in “The
Amateur Scientist,” Scientific American, ??, 106-107 (May 2000)

eee Yang, T.-S.,, C.-Y. Wen, and C.-Y. Lin, “Interpretation of color fringes in flowing soap films,”
Experimental Thermal and Fluid Science, 25, 141-149 (2001)

eee Georgiev, D., and P. Vorobieff, “The slowest soap-film tunnel in the Southwest,” Review of Scientific
Instruments, 73, No. 3, 1177-1184 (March 2002)

eee Tabeling, P., “Two-dimensional turbulence: a physicist approach,” Physics Reports, 362, 1-62 (2002)
eee Alben, S., M. Shelley, and J. Zhang, “How flexibility induces streamlining in a two-dimensional flow,”
Physics of Fluids, 16, No. 5, 1694-1713 (May 2004)

2.118 Fluttering fountains and pounding waterfalls
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



Fluids 140

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

Book reference style: author, title, publisher, date, pages
ee Schwartz, H. I., “Edgetones and nappe oscillation,” Journal of the Acoustical Society of America, 39, 579-
582 (1966)
¢ Rinehart, J. S., “Waterfall-generated earth vibrations,” Science, 164, 1513-1514 (27 June 1969)
eee Casperson, L. W., “Fluttering fountains: simplified models,” Journal of Applied Physics, 74, No. 8, 4894-
4898 (15 October 1993)
eee Casperson, L. W., “Fluttering fountains: stability criteria,” Journal of Applied Physics, 75, No. 10, 4892-
4894 (15 May 1994)
ee Casperson, L. W., “Fluttering fountains: annular geometry,” Journal of Applied Physics, 79, No. 3, 1275-
1278 (1 February 1996)
eee Schmid, P. J., and D. S. Henningson, “On the stability of a falling liquid curtain,” Journal of Fluid
Mechanics, 463, 163-171 (2002)
eee Ramos, J. ., “Oscillatory dynamics of inviscid planar liquid sheets,” Applied Mathematics and
Computation, 143, 109-144 (2003)

2.119 Pulsating fountains
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, journal, volume, pages (date)

Book reference style: author, title, publisher, date, pages
eee Villermaux, E., “Pulsed dynamics of fountains,” Nature, 371, No. 6492, 24-25 (1 September 1994) 1994
eee Clanet, C., “On large-amplitude pulsating fountains,” Journal of Fluid Mechanics, 366, 333-350 (1998)
1998

2.120 Pouring: inverted glass, yard-of-ale
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/demosi3/i3-13.htm Photo

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 Grimvall, G., “Questionable physics tricks for children,” Physics Teacher, 26, 378-379 (September 1987)
ee Soltzberg, L. J., “Far from equilibrium---the continuous-flow bottle,” Journal of Chemical Education, 64,
No. 2, 147-152 (February 1987)
eee Sasaki, T., “Parameters affecting whether water will flow out from an inverted open bottle,” Journal of
Chemical Education, 66, No. 12, 1005-1006 (December 1989)



Fluids 141

eee Glaister, P., “Some observations on the inverted bottle problem,” Journal of Chemical Education, 68, No.
7, 623-624 (July 1991)

ee O’Connell, J., “Boyle saves a spill,” in “String & Sticky Tape Experiments,” R. D. Edge, editor, Physics
Teacher, 36, 74 (February 1998)

eee Clanet, C., and G. Searby, “On the glug-glug of ideal bottles,” Journal of Fluid Mechanics, 510, 145-168
(2004)

e Subramaniam, R., and K. A. Toh, “’Magic’ cup defies the laws of physics,” Physics Education, 39, 334
(2004)

¢ Kohira, M. I., N. Magome, H. Kitahata, and K. Yoshikawa, “Plastic bottle oscillator: Rhythmicity and
mode bifurcation of fluid flow,” American Journal of Physics, 75, No. 10, 893-895 (October 2007)

eee Huppert, H. E., and M. A. Hallworth, “Bi-directional flows in constrained systems,” Journal of Fluid
Mechanics, 578, 95-112 (2007)

e Subramaniam, R., and Y. K. Hoh, “’Magic’ cup illustrates surface tension,” Physics Education, 43, 251-
252 (May 2008)

e Subramaniam, R., and J. P. Riley I, “Physics trick gets students interested,” Physics Education, 43, No. 4,
355-356 (July 2008)

eee Kohira, M. I., N. Magome, S-I. Mouri, H. Kitahata, and K. Yoshikawa, “Synchronization of three
coupled plastic bottle oscillators,” International Journal of Unconventional Computing, 5, 103-111 (2008).

Solbrig, C. W., and J. B. Sherman, “Slugging flow of water draining from the bottom of a nonvented
container,” Industrial Engineering Chemical Research, ??

Related reference

e Field, R. J., “Chemical organization in time and space,” American Scientist, 73, 142-150 (March-April 1985)
e Racca, R. A., and C. H. Annett, “Simple demonstration of Rayleigh-Taylor instability,” American Journal
of Physics, 53, No. 5, 484-486 (May 1985)

2.121 Dripping
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://commons.wikimedia.org/wiki/lmage:Dripping faucet 1.jpg Photo

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 Shi, X. D., M. P. Brenner, and S. R. Nagel, “A cascade of structure in a drop falling from a faucet,” Science,
265, 219-222 (8 July 1994)
¢ “Cascades from a dripping faucet,” Science News, ??, 79 (30 July 1994)
¢ Nagel, S. R., “Klopsteg Memorial Lecture (August, 1998): Physics at the breakfast table --- or waking up to
physics,” American Journal of Physics, 67, No. 1, 17-25 (January 1999)
¢ Brenner, M. P., X. D. Shi, J. Eggers, and S. R. Nagel, “The bifurcation of liquid drops,” in A Gallery of Fluid
Motion, M. Samimy, K. S. Breuer, L. G. Leal, and P. H. Steen, editors, Cambridge University Press, 2003,
page 44



Fluids 142

ee Burton, J. C., J. e. Rutledge, and P. Taborek, “Fluid pinch-off dynamics at nanometer length scales,”
Physical Review Letters, 92, No. 24, article # 244505 (4 pages) (18 June 2004)

oo Grubelnik, V., and M. Marhl, “Drop formation in a falling stream of liquid,” American Journal of Physics,
73, No. 5, 415- (May 2005)

eee Eqgers, J., and E. Villermaux, “Physics of liquid jets,” Reports on Progress in Physics, 71, article # 036601
(79 pages) (2008)

o Villermaux, E., “Hesitant nature,” Journal of Fluid Mechanics, 636, 1-4 (2009)

2.122 Soap bubble shapes
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://homepage.mac.com/keithmjohnson/BubbleArtist.com/ Homepage for Keith Johnson
http://www.youtube.com/watch?v=l100VdXWinsc Video
http://www.youtube.com/watch?v=0g5w05UwmQl&mode=related&search= Video
http://www.youtube.com/watch?v=xxzKHON3QIM&mode=related&search= Video

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 Haynes, J. M., “Stability of a fluid cylinder,” Journal of Colloid and Interface Science, 32, No. 4, 652-654
(April 1970)
eee Erle, M. A, R. D. Gillette, and D. C. Dyson, “Stability of interfaces of revolution with constant surface
tension---the case fo the catenoid,” Chemical Engineering Journal, 1, 97-109 (1970)
e Mason, G., “An experimental determination of the stable length of cylindrical liquid bubbles,” Journal of
Colloid and Interface Science, 32, No. 1, 172-176 (January 1970)
eee Erle, M. A, R. D. Gillette, and D. C. Dyson, “Stability of interfaces of revolution with constant surface
tension---the case of the catenoid,” Chemical Engineering Journal, 1, 97-109 (1970)
eee Gillette, R. D., and D. C. Dyson, “Stability of fluid interfaces of revolution between equal solid circular
plates,” Chemical Engineering, 2, 44-54 (1971)
eee Gillette, R. D., and D. C. Dyson, “Stability of axisymmetric liquid-fluid interfaces towards general
disturbances,” Chemical Engineering Journal, 3, 196-199 (1972)
eee Keller, J. B., “Some bubble and contact problems,” SIAM Review, 22, No. 4, 442-458 (October 1980)
eee Durand, L., “Stability and oscillations of a soap film: an analytic treatment,” American Journal of Physics,
49, No. 4, 334-343 (April 1981)
ee [senberg, C., “Minimum-area surfaces, soap films and soap bubbles,” Mathematical Spectrum, 16, 85-93
(1983/1984)
eee RUSSO, M. J., and P. H. Steen, “Instability of rotund capillary bridges to general disturbances: experiment
and theory,” Journal of Colloid and Interface Science, 113, No. 1, 154-163 (September 1986)
e Da Riva, I, and I. Martinez, “Floating liquid zones,” Naturwissenschaften, 73, 345-347 (1986)
e Morgan, F., “Soap films and problems without unique solutions,” American Scientist, 74, 232-236 (May-
June 1986)
o Walker, J., "Sticky threadlike substances that tend to draw themselves out into bead arrays," in “The Amateur
Scientist,” Scientific American, 257, No. 3, 108-111 (September 1987)



Fluids 143

eee Vogel, T. I., “Stability of a liquid drop trapped between two parallel planes Il: General contact angles,”
SIAM Journal of Applied Mathematics, 49, No. 4, 1009-1028 (August 1989)

eee Garcia, F. J., and A. Castellanos, “One-dimensional models for slender axisymmetric viscous liquid
bridges,” Physics of Fluids, 8, No. 11, 2837-2846 (November 1996)

eee XU, S. C., L. W. Chang, and L. Xu, “Analysis of instability of a cylindrical soap film of finite dimensions,”
Langmuir, 14, 533-535 (1998)

eee Robinson, N. D., and P. H. Steen, “Observations of singularity formation during the capillary collapse and
bubble pinch-off of a soap film bridge,” Journal of Colloid and Interface Science, 241, 448-458 (2001)

eee Atreya, S., and P. H. Steen, “Stability analyses of long liquid bridges in the presence of gravity and flow,”
Proceedings of the Royal Society of London A, 458, 2645-2669 (2002)

Related reference
eee | ovett, D. R., and J. Tilley, “lllustrating phase transitions with soap films,” American Journal of Physics,
59, No. 5, 415-421 (May 1991)

2.123 Bubble paths
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 Saffman, P. G., “On the rise of small air bubbles in water,” Journal of Fluid Mechanics, 1, 249-275 (1956)
ee Hartunian, R. A., and W. R. Sears, “On the instability of small gas bubbles moving uniformly in various
liquids,” Journal of Fluid Mechanics, 3, 27-47 (1957)
ee Moore, D. W., “The rise of a gas bubble in a viscous liquid,” Journal of Fluid Mechanics, 6, 113-130 (1959)
ee Magarvey, R. H., and P. B. Corkum, “The wake of a rising bubble,” Nature, 200, 354-355 (26 October
1963)
eee Parlange, J.-Y., “Spherical cap bubbles with laminar wakes,” Journal of Fluid Mechanics, 37, 257-263
(1969)
eee Harper, J. F., “On bubbles rising in line at large Reynolds numbers,” Journal of Fluid Mechanics, 41, part
4, 751-758 (1970)
ee \Wegener, P. P. and J.-Y. Parlange, “Spherical-cap bubbles,” Annual Review of Fluid Mechanics, 5, 79-100
(1973)
e Mercier, J., A. Lyrio, and R. Forslund, “Three-dimensional study of the nonrectilinear trajectory of air
bubbles rising in water,” Journal of Applied Mechanics, 40, No. 3, 650-654 (September 1973)
e Wairegi, T., and J. R. Grace, “Teardrop shapes for small bubbles and drops moving through Newtonian
liquids,” Nature, 248, 327-328 (22 March 1974)
eee VVermillion, R. E., “A look at some rising bubbles,” American Journal of Physics, 43, No. 2, 177-179
(February 1975)
ee Hnat, J. G., and J. D. Buckmaster, “Spherical cap bubbles and skirt formation,” Physics of Fluids, 19, No.
2, 182-194 (February 1976); erratum, No. 4, 611 (April 1976)
ee Bessler, W. F., and H. Littman, “Experimental studies of wakes behind circularly capped bubbles,” Journal
of Fluid Mechanics, 185, 137-151 (1987)



Fluids 144

ee Fearn, R. M., “Perturbed motions of a bubble rising in a vertical tube,” Physics of Fluids, 31, No. 2, 238-
241 (February 1988)

eee Duineveld, P. C., “The rise velocity and shape of bubbles in pure water at high Reynolds number,” Journal
of Fluid Mechanics, 292, 325-332 (1995)

eee Ruzicka, M. C., “On bubbles rising in line,” International Journal of Multiphase Flow, 26, 1141-1181
(2000)

e Wu, M., and M. Gharib, “Experimental studies on the shape and path of small air bubbles rising in clean
water,” Physics of Fluids, 14, No. 7, L49-L52 (July 2002)

eee | egendre, D., J. Magnaudet, and G. Mougin, “Hydrodynamic interactions between two spherical bubbles
rising side by side in a viscous liquid,” Journal of Fluid Mechanics, 497, 133-166 (2003)

o Liger-Belair, G., Uncorked. The Science of Champagne, Princeton University Press, 2004, pages 76-83

2.124 Antibubbles
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=6r_8Pp9WKFO Video
http://www.uvm.edu/~dahammon/whatsnew/whatsnew01.html Photos plus links to videos
http://www.phschool.com/science/science_news/articles/rise_of antibubbles.html Photo plus news story
http://www.irishscientist.ie/2005/contents.asp?contentxml=05p114b.xml&contentxsl=isO5pages.xsl ~ Photo
plus discussion

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
¢ Hughes, W., and A. R. Hughes, (letter) “Liquid drops on the same liquid surface,” Nature, 129, 59 (1932)
¢ Rose, L., (letter) “Soap bubbles in reverse,” Nature, 157, 299 (1946)
¢ Skogen, N., “Inverted soap bubbles—a surface phenomenon,” American Journal of Physics, 24, 239-241
(1956)
ee Baird, M. H. ., “The stability of inverse bubbles,” Faraday Society, 56, 213-219 (1960)
¢ Stong, C. L., “Curious bubbles in which a gas encloses a liquid instead of the other way around,” in “The
Amateur Scientist,” Scientific American, 230, No. 4, 116-121 + 128 (April 1974)
o Anwander, A. E., R. P. J. S. Grant, and T. M. Letcher, “Interfacial phenomena,” Journal of Chemical
Education, 65, No. 7, 608-614 (July 1988)
e Panhuis, M. I, S. Hutzler, D. Weaire, and R. Phelan, “New variations on the soap film experiments of Plateau.
I. Experiments under forced drainage,” Philosophical Magazine B, 78, No. 1, 1-12 (1998)
ee Tufaile, A, and J. C. Sartorelli, “Bubble and spherical air shell formation dynamics,” Physical Review E,
66, article # 056204, 7 pages (2002)
ee Dorbolo, S., H. Caps, and N. Vandewalle, “Fluid instabilities in the birth and death of antibubbles,” New
Journal of Physics, 5, 161.1-161.9 (2003)
o Weiss, P., “The rise of antibubbles,” Science News, 165, 311-312 (15 May 2004)
eee Dorbolo, S., E. Reyssat, N. Vandewalle, and D. Quere, “Aging of an antibubble,” Europhysics Letters, 69,
No. 6, 966-970 (2005)
ee Kim, P. G., and J. Vogel, “Antibubbles: Factors that affect their stability,” Colloids and Surfaces A:
Physiochemical and Engineering Aspects, 289, 237-244 (2006)



Fluids 145

eee Scheid, B., S. Dorbolo, L. R. Arriaga, and E. Rio, “Antibubble dynamics: The drainage of an air film with
viscous interfaces,” Physical Review Letters, 109, article # 264502 (5 pages) (28 December 2012)

Related reference
e Goho, A., “Double bubble comes off in a pinch,” Science News, 167, 261 (23 April 2005) 2005

2.125 Lifting rice with a rod
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
¢ Reynolds, O., “Experiments showing dilatancy, a property of granular material, possibly connected with
gravitation,” in Papers on Mechanical and Physical Subjects, VVol. I, Cambridge University Press, pages 217-
227 ?7? need orig date
eee Cowin, S. C., and L. E. Trent, “Force of extraction for a cylinder buried in sand,” Journal of Applied
Mechanics, Transactions of the ASME, 47, 969-971 (December 1980)
ee Horvath, V. K., I. M. Janosi, and P. J. Vella, “Anomalous density dependence of static friction in sand,”
Physical Review E, 54, No. 2, 2005-2009 (1996)
e Stone, M. B., D. P. Bernstein, R. Barry, M. D. Pelc, Y.-K. Tsui, and P. Schiffer, “Getting to the bottom of a
granular medium: A surprising resistance would be put up by sand grains hiding a buried treasure chest,”
Nature, 427, (5 February 2004)
eee Arroyo-Cetto, D., G. Pulos, R. Zenit, and M. A. Jimenez-Zapata, “Compaction force in a confined granular
column,” Physical Review E, 68, article # 051301 (4 pages) (2003)

Related reference
ee Torok, J., S. Krishnamurthy, J. Kertesz, and S. Roux, “Shearing of loose granular materials: a statistical
mesoscopic model,” Physical Review E, 67, article # 021303 (11 pages) (2003)

2.126 Throwing a discus
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=BQ0eFINbsgM Video

References
Dots e through eee indicate level of difficulty
Journal reference style: author, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
eee So0ng, T.-C., "The dynamics of discus throw," Journal of Applied Mechanics, Transactions of the ASME,
43, 531-536 (1976)
eee Frohlich, C., "Aerodynamic effects on discus flight," American Journal of Physics, 49, 1125-1132 (1981)



Fluids 146

¢ Brancazio, P. J., Sport Science: Physical Laws and Optimum Performance, Simon and Schuster, 1984, pages
365-368

e Gregor, R. J.,, W. C. Whiting, and R. W. McCoy, "Kinematic analysis of Olympic discus throwers,"
International Journal of Sport Biomechanics, 1, 131-138 (1985)

e Frohlich, C., "Resource letter PS-1: physics of sports," American Journal of Physics, 54, 590-593 (1986)

e Nakamura, Y. and N. Fukamachi, “Visualization of the flow past a Frisbee,” Fluid Dynamics Research, 7,
No. 1, 31-35 (1991)

2.127 Javelin 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.

http://www.youtube.com/watch?v=qjf-S1cZ4q8 Video

References
Dots e through eee indicate level of difficulty
Journal reference style: author, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
eee So0ng, T.-C., "The Dynamics of Javelin Throw,” Journal of Applied Mechanics, Transactions of the
ASME, 42, 257-262 (1975)
eee Red, W. E., and A. J. Zogaib, "Javelin Dynamics Including Body Interaction,” Journal of Applied

Mechanics, Transactions of the ASME, 44, 496-498 (1977)

Brancazio, P. J., Sport Science: Physical Laws and Optimum Performance, Simon and Schuster, 1984, pages
363-365
Sing, R. F., The Dynamics of the Javelin Throw, Reynolds Publisher, 1984
¢ Hubbard, M., and H. J. Rust, "Javelin Dynamics with Measured Lift, Drag, and Pitching Moment," Journal
of Applied Mechanics, Transactions of the ASME, 51, 406-408 (1984)
eee Hubbard, M., and H. J. Rust, “Simulation of Javelin Flight Using Experimental Aerodynamic Data,”
Journal of Biomechanics, 17, 769-776 (1984)
eee Hubbard, M., “Optimal Javelin Trajectories,” Journal of Biomechanics, 17, 777-787 (1984)
¢ Sing, R. F., “Chapter 2: Aerodynamics of the javelin throw,” in The Dynamics of the Javelin Throw, Reynolds
Publishers, 1984, pages 29-34
e Gregor, R. J., and M. Pink, "Biomechanical analysis of a world record javelin throw: a case study,"
International Journal of Sport Biomechanics, 1, 73-77 (1985)

e Komi, P. V., and A. Mero, "Biomechanical analysis of Olympic javelin throwers," International Journal of
Sport Biomechanics, 1, 139-1507? (1985)

Frohlich, C., "Resource Letter PS-1: Physics of Sports," American Journal of Physics, 54, 590-7? (1986)  ??
ee Hubbard, M., and L. W. Alaways, "Optimum Release Conditions for the New Rules Javelin," International
Journal of Sport Biomechanics, 3, 207-221 (1987)

oo Bartlett, R. M., and R. J. Best, "The biomechanics of javelin throwing: a review," Journal of Sports Sciences,
6, 1-38 (1988)

e Hubbard, M., “The flight of the javelin,” Scientific American, 259, No. 3, T20-T21 (special advertising
section) (September 1988)

eee Hubbard, M., and C. D. Bergman, “Effect of Vibrations on Javelin Lift and Drag,” International Journal
of Sport Biomechanics, 5, 40-59 (1989)

eee Hubbard, M., and S. Laporte, “Damping of javelin vibrations in flight,” Journal of Applied Biomechanics,
13, 269-286 (1997)



Fluids 147

eee Best, R. J., R. M. Bartlett, and R. A. Sawyer, “Optimal javelin release,” Journal of Applied Biomechanics,
11, 371-394 (1995)

¢ Morriss, C., and R. Bartlett, “Biomechanical factors critical for performance in the men’s javelin throw,”
Sports Medicine, 21, No. 6, 438-446 (June 1996)

2.128 Two boats drawn together
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=1IxrLu-_gjo Showing the same physics but with an air stream directed
through the gap between two empty pop cans

References

Dots e through eee indicate level of difficulty

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

Book reference style: author, title, publisher, date, pages
o Williams, S. R., “On the trail of the molecule—IIl. What makes some chimneys ‘draw’ poorly, boomerangs
soar, rotor ships move and golf balls curve? ‘Bernoulli’s principle’ explains it,” Scientific American, ??, 433-
435 (November 1927)
¢ Cohen, H., and D. Horvath, “Two large-sclae devices for demonstrating a Bernoulli effect,” Physics Teacher,
41, 9-10 (January 2003)

2.129 Aerodynamics of cables and lines
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=i_MQ61vyaSM Vortex shedding by a cylinder
http://www.youtube.com/watch?v=CB2aWiesq0g Same here
http://www.youtube.com/watch?v=SuZRi0g9MAQg another one

References

Dots e through eee indicate level of difficulty

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

Book reference style: author, title, publisher, date, pages
eee Parkinson, G. V., “Wind-induced instability of structures,” Philosophical Transactions of the Royal
Society of London A, 269, 395-409 (1971)
eee Scruton, C., and E. W. E. Rogers, “Il. Wind effects on buildings and other structures,” Philosophical
Transactions of the Royal Society of London A, 269, 353-383 (1971)
eee Savkar, S. D., “Oscillations of cylindrical rods and cables,” Journal of Sound and Vibration, 16, No. 2,
161-172 (1971)
e Thomann, H., “Wind effects on buildings and structures,” American Scientist, 63, 278-287 (May-June 1975)
eee Sarpkaya, T., “Vortex-induced oscillations,” Journal of Applied Mechanics, 46, 241-258 (June 1979)
eee Schafer, B., “Dynamical modelling of wind-induced vibrations of overhead lines,” International Journal
of Non-Linear Mechanics, 19, No. 5, 455-467 (1984)



Fluids 148

eee Jones, K. F., “Coupled vertical and horizontal galloping,” Journal of Engineering Mechanics, 118, No. 1,
92-107 (January 1992)

¢ Bye, R. P, and K. J. Heywood, “Eddies in the environment: laboratory experiments,” Physics Education,
2877, 48-51 (1993)

e Petroski, H., “Le Pont de Normandie,” American Scientist, 83, No. 5, 415-419 (September-October 1995)

e Lin, J.-C., and D. Rockwell, “Quantitative interpretation of vortices from a cylinder oscillating in quiescent
fluid,” Experiments in Fluids, 23, 99-104 (1997)

eee Ohkuma, T., and H. Marukawa, “Galloping of overhead transmission lines in gusty wind,” Wind and
Structures, 3, No. 4, 243-253 (2000)

ee Gurung, C. B., H. Yamaguchi, and T. Yukino, “Identification of large amplitude wind-induced vibration of
ice-accreted transmission lines based on field observed data,” Engineering Structures, 24, 179-188 (2002)
eee Afanasyev, Y. D., and C. G. Deacon, “Investigating vortex streets behind real and virtual bluff bodies,”
American Journal of Physics, 74, No. 3, 236-239 (March 2006)

Related reference
ee Makkonen, L., “Models for the growth of rime, glaze, icicles and wet snow on structures,” Philosophical
Transactions of the Royal Society of London A, 358, 2913-2939 (2000)

2.130 Surf skimmer
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=kxpLexh6lhY Video
http://www.youtube.com/watch?v=VV0Q9gw-1EVHc Video

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 Edge, R. D., “The surf skimmer,” American Journal of Physics,
36, No. 7, 630-631 (July 1968)
eee Tuck, E. O., and A. Dixon, “Surf-skimmer planning hydrodynamics,” Journal of Fluid Mechanics, 205,
581-592 (1989)
eee \Wang, C. Y., “The skidding of an elliptic plate on a wet surface,” Applied Scientific Research, 42, 201-
209 (1985)
eee Sugimoto, T., “Mechanics of the surf skimmer revisited,” American Journal of Physics, 71, No. 2, 144-
149 (February 2003)

Related references

eee Skalak, F., and C.-Y. Wang, “Fluid dynamics of a long porous slider,” Journal of Applied Mechanics, 42,
No. 4, 893-894 (December 1975)

eee \Wang, C. Y., “The skidding of an elliptic plate on a wet surface,” Applied Scientific Research, 42, 201-
209 (1985)

2.131 Buoyancy while turning a corner



Fluids 149

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 Medwin, H., “Heat does not always rise,” American Journal of Physics, 22, No. 8, 571 (November 1954)
e Lehman, A. L., “An illustration of buoyancy in the horizontal plane,” American Journal of Physics, 56, No.
11, 1046-1047 (November 1988)

2.132 Wave reflection by sand bars
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 Davies, A. G., “The reflection of wave energy by undulations on the seabed,” Dynamics of Atmospheres
and Oceans, 6, No. 4, 207-232 (1982)
eee Heathershaw, A. D., “Seabed-wave resonance and sand bar growth,” Nature, 296, No. 5855, 343-345 (25
March 1982)
eee Davies, A. G., and A. D. Heathershaw, “Surface-wave propagation over sinusoidally varying topography,”
Journal of Fluid Mechanics, 144, 419-443 (July 1984)
eee Mei, C. C., “Resonant reflection of surface water waves by periodic sandbars,” Journal of Fluid Mechanics,
152, 315-335 (1985)
eee Heathershaw, A. D., and A. G. Davies, “Resonant wave reflection by transverse bedforms and its relation
to beaches and offshore bars,” Marine Geology, 62, 321-338 (1985)
eee Y0ON, S. B, and P. L.-F. Liu, “Resonant reflection of shallow-water waves due to corrugated boundaries,”
Journal of Fluid Mechanics, 180, 451-469 (1987)
eee Hara, T., and C. C. Mei, “Bragg scattering of surface waves by periodic bars: theory and experiment,”
Journal of Fluid Mechanics, 178, 221-241 (May 1987)
eee Mei, C. C., T. Hara, and M. Naciri, “Note on Bragg scattering of water waves by parallel bars on the
seabed,” Journal of Fluid Mechanics, 186, 147-162 (1988)
eee Kirby, J. T., “Current effects on resonant reflection of surface water waves by sand bars,” Journal of Fluid
Mechanics, 186, 501-520 (1988)
eee Davies, A. G., E. Guazzelli, and M. Belzons, “The propagation of long waves over an undulating bed,”
Physics of Fluids A, 1, No. 8, 1331-1340 (August 1989)
eee \/oliak, K. I., and R. Purini, “Surface opposing-wave interaction over a periodically corrugated bed,”
Dynamics of Atmospheres and Oceans, 14, No. 3, 179-201 (March 1990)
eee Guazzelli, E., V. Rey, and M. Belzons, “Higher-order Bragg reflection of gravity surface waves by periodic
beds,” Journal of Fluid Mechanics, 245, 301-317 (December 1992)
ee Ballard, J. A., J. W. DeVries, and J. T. Kirby, “Considerations in using Bragg reflection for storm erosion
protection,” Journal of Waterway, Port, Coastal, and Ocean Engineering, 118, No. 1, 62-74 (January/February
1992)



Fluids 150

eee O’Hare, T. J.,, and A. G. Davies, “Sand bar evolution beneath partially-standing waves: laboratory
experiments and model simulations,” Continental Shelf Research, 13, No. 11, 1149-1181 (1993)

ee Rey, V., A. G. Davies, and M. Belzons, “On the formation of bars by the action of waves on an erodible
bed: a laboratory study,” Journal of Coastal Research, 11, No. 4, 1180-1194 (fall 1995)

eee Rey, V., E. Guazzelli, and C. C. Mei, “Resonant reflection of surface gravity waves by one-dimensional
doubly sinusoidal beds,” Physics of Fluids, 8, No. 6, 1525-1530 (June 1996)

eee YU, J. I. E., and C. C. Mei, “Formation of sand bars under surface waves,” Journal of Fluid Mechanics,
416, 315-348 (2000)

eee Dulou, C., and M. Belzons, and V. Rey, “Laboratory study of wave bottom interaction in the bar formation
on an erodible sloping bed,” Journal of Geophysical Research, 105, No. C8, 19745-19762 (15 August 2000)
eee Porter, R., and D. Porter, “Scattered and free waves over periodic beds,” Journal of Fluid mechanics, 483,
129-163 (2003)

eee Elgar, S., B. Raubenheimer, and T. H. C. Herbers, “Bragg reflection of ocean waves from sandbars,”
Geophysical Research Letters, 30, No. 1, article # 1016 (4 pages) (2003)

2.133 Rain and 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.

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
¢ Reynolds, O., “On the action of rain to calm the sea,” Proceedings of the Literary and Philosophical Society
of Manchester, Session 1874-5, reprinted in Papers on Mechanical and Physical Subjects, Vol. I, Cambridge
University Press, 1900, pages 87-88
ee Tsimplis, M., and S. A. Thorpe, “Wave damping by rain,” Nature, 342, No. 6252, 893-895 (21/28 December
1989)
eee Nystuen, J. A., “A note on the attenuation of surface gravity waves by rainfall,” Journal of Geophysical
Research, 95, No. C10, 18353-18355 (15 October 1990)
eee | ¢ Mehaute, B., and T. Khangaonkar, “Dynamic interaction of intense rain with water waves,” Journal of
Physical Oceanography, 20, No. 12, 1805-1812 (December 1990)
oo Tsimplis, M. N., “The effect of rain in calming the sea,” Journal of Physical Oceanography, 22, No. 4, 404-
412 (April 1992)

2.134 A salt oscillator
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, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages



Fluids 151

eee Martin, S., “A hydrodynamic curiosity: the salt oscillator,” Geophysical Fluid Dynamics, 1, 143-160
(1970)

o Walker, J., "The salt fountain and other curiosities based on the different density of fluids," in “The Amateur
Scientist,” in Scientific American, 237, No. 4, 142-150 (October 1977)

eee Alfredsson, P.-H., and T. Lagerstedt, “The behavior of the density oscillator,” Physics of Fluids, 24, No.
1, 10-14 (January 1981)

¢ Yoshikawa, K., S. Nakata, M. Yamanaka, and T. Waki, “Amusement with a salt-water oscillator,” Journal
of Chemical Education, 66, No. 3, 205-207 (March 1989)

ee Noyes, R. M., “A simple explanation of the salt-water oscillator,” Journal of Chemical Education, 66, No.
3, 207-209 (March 1989)

eee Yoshikawa, K., N. Oyama, M. Shoji, and S. Nakata, “Use of a saline oscillator as a simple nonlinear
dynamical system: rhythms, bifurcation, and entrainment,” American Journal of Physics, 59, No. 2, 137-141
(February 1991)

¢ Galles, C. D., and H. Belluccia, (letter) “Galileo’s red wine oscillator,” American Journal of Physics, 60, No.
5, 393 (May 1992)

eee Steinbock, O., A. Lange, and I. Rehberg, “Density oscillator: analysis of flow dynamics and stability,”
Physical Review Letters, 81, No. 4, 798-801 (27 July 1998)

eee Nakata, S., T. Miyata, N. Ojima, K. Yoshikawa, “Self-synchronization in coupled salt-water oscillators,”
Physica D, 115, 313-320 (1998)

eee Okamura, M., and K. Yoshikawa, “Rhythm in a saline oscillator,” Physical Review E, 61, No. 3, 2445-
2452 (March 2000)

ee Cervellati, R., and R. Solda, “An alternating voltage battery with two salt-water oscillators,” American
Journal of Physics, 69, No. 5, 543-545 (May 2001)

eee Gonzalez, H., H. Arce, and M. R. Guevara, “Phase resetting, phase locking, and bistability in the
periodically driven saline oscillator: Experiment and model,” Physical Review E, 78, article 036217 (13 pages)
(2008)

Related reference

o Reisner, T. A., “The vast eternal springs: ancient and modern hydrodynamics in Thomson’s ‘Autumn’,”
Mosaic (A journal for the comparative study of literature and ideas published by the University of Manitoba
Press), 10, No. 4, 97-110 (no year given, perhaps 1977), see 106-107

2.135 Salt fingers and a salt fountain
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, journal, volume, pages (date)
Book reference style: author, title, publisher, date, pages
e Stommel, H., A. B. Arons, and D. Blanchard, “An oceanographical curiosity: the perpetual salt fountain,”
Deep Sea Research, 3, 152-153 (1956)
eee Stern, M. E., “The *salt-fountain” and thermohaline convection,” Tellus, 12, No. 2, 172-175 (1960)
eee Stern, M. E., and J. S. Turner, “Salt fingers and convecting layers,” Deep-Sea Research, 16, 497-511
(1969)
eee Stern, M. E., “Optical measurement of salt fingers,” Tellus, 22, 76-81 (1970)



Fluids 152

eee Shirtcliffe, T. G. L., and J. S. Turner, “Observations of the cell structure of salt fingers,” Journal of Fluid
Mechanics, 41, part 4, 707-719 (1970)

eee L inden, P. F., “On the structure of salt fingers,” Deep-Sea Research, 20, 325-340 (1973)

e Gregg, M. C., “The microstructure of the ocean,” Scientific American, 228, No. 2, 64-77 (February 1973)

o Walker, J., "The salt fountain and other curiosities based on the different density of fluids,” in “The Amateur
Scientist,” in Scientific American, 237, No. 4, 142-150 (October 1977)

o Kerr, R. A., “Fingers of salt help mix the sea,” Science, 211, 155-157 (9 January 1981)

¢ Robinson, A. L., “When are viscous fingers stable?”” Science, 228, 834-836 (17 May 1985)

ee Turner, J. S., and 1. H. Campbell, “Convection and mixing in magma chambers,” Earth-Science Reviews,
23, 255-352 (1986)

¢ Taylor, J. and G. Veronis, “Experiments on salt fingers in a Hele Shaw Cell,” Science, 231, No. 4733, 39-41
(3 January 1986)

eee Shen, C. Y., “The evolution of the double-diffusive instability: salt fingers,” Physics of Fluids A, 1, No.
5, 829-844 (May 1989)

eee \Welander, P., “A new type of double-diffusive instability?” Tellus, 41A, No. 1, 66-72 (1989)

eee Oshorn, T., “Observations of the ‘salt fountain’,” Atmosphere-Ocean, 29, No. 2, 340-356 (1991)

e Heavers, R. M., “The salt fountain,” Physics Teacher, 32, No. 9, 524-525 (December 1994)

ee Schmitt, R. W., “The salt finger experiments of Jevons (1857) and Rayleigh (1880),” Journal of Physical
Oceanography, 25, No. 1, 8-17 (January 1995)

e Schmitt, Jr., R. W., “The ocean’s salt fingers,” Scientific American, 272, 70-75 (May 1995)

eee Taylor, J. R., and G. Geveronis, “Experiments on double-diffusive sugar-salt fingers at high stability ratio,”
Journal of Fluid Mechanics, 321, 315-333 (1996)

eee Kunze, E., “A review of oceanic salt-fingering theory,” Progress in Oceanography, 56, 399-417 (2003)

Related reference
eee Booth, C., T. Beer, and J. D. Penrose, “Diffusion of salt in tap water,” American Journal of Physics, 46,
No. 5, 525-527 (May 1978)

2.136 Lifting water through tall 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.

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 Zimmermann, M. H., “How sap moves in trees,” Scientific American, 208, No. 3, 133-142 (March 1963)
ee Plumb, R. C., and W. B. Bridgman, “Ascent of sap in trees,” Science, 176, 1129-1131 (9 June 1972)
¢ Scholander, P. F., “Tensile water. Cohesiveness of water under negative pressure is a key to understanding
the mechanism of imbibition and osmosis,” American Scientist, 60, 584-590 (September-October 1972)
ee Scholander, P. F., R. C. Plumb, W. B. Bridgman, H. T. Hammel, H. H. Richter, J. Levitt, and T. S. Storvick
(letters) “On the ascent of sap,” Science, 179, 1248-1250 (23 March 1973)
¢ Kolb, K. J., and S. D. Davis, “Drought tolerance and xylem embolism in co-occurring species of coastal sage
and chaparral,” Ecology, 75, No. 3, 648-659 (1994)
o Steudle, E., “Trees under tension,” Nature, 378, 663-664 (14 December 1995)



Fluids 153

e Pockman, W. T., J. S. Sperry, and J. W. O’Leary, “Sustained and significant negative water pressure in
xylem,” Nature, 378, No. 6558, 715-716 (14 December 1995)

¢ Holbrook, N. M., M. J. Burns, and C. B. Field, “Negative xylem pressures in plants: a test of the balancing
pressure technique,” Science, 270, No. 5239, 1193-194 (17 November 1995)

ee Sperry, J. S., N. Z. Saliendra, W. T. Pockman, H. Cochard, P. Cruiziat, S. D. Davis, F. W. Ewers, and M.
T. Tyree, “New evidence for large negative xylem pressures and their measurement by the pressure chamber
method,” Plant, Cell and Environment, 19, No. 4, 427-436 (April 1996)

e Melcher, P. J., F. C. Meinzer, D. E. Yount, G. Goldstein, and U. Zimmermann, “Comparative measurements
of xylem pressure in transpiring and non-transpiring leaves by means of the pressure chamber and the xylem
pressure probe,” Journal of Experimental Botany, 49, No. 327, 1757-1760 (October 1998)

e Canny, M. J., “Transporting water in plants,” American Scientist, 86, No. 2, 152-159 (March-April 1998)
ee Wei, C., E. Steudle, and M. T. Tyree, “Water ascent in plants: do ongoing controversies have a sound
basis?” Trends in Plant Science, 4, No. 9, 372-375 (September 1999)

e Zimmermann, U., H.-J. Wagner, H. Schneider, M. Rokitta, A. Haase, and F.-W. Bentrup, “Water ascent in
plants: the ongoing debate,” Trends in Plant Science, 5, No. 4, 145-146 (April 2000); Wei, C. F., E. Steudle,
and M. T. Tyree, “Reply...Water ascent in plants,” pages 146-147

e Wei, C., E. Steudle, and M. T. Tyree, “Reply. . .water ascent in plants,” Trends in Plant Science, 5, No. 4,
146-147 (April 2000)

eee Steudle, E., “The cohesion-tension mechanism and the acquisition of water by plant roots,” Annual Review
of Plant Physiology and Plant Molecular Biology, 52, 847-875 (2001)

e Minzer, F. C., M. J. Clearwater, G. Goldstein, “Water transport in trees: current perspectives, new insights,
and some controversies,” Environmental and Experimental Botany, 45, 239-262 (2001)

o Wei, C., E. Steudle, M. T. Tyree, and P. M. Lintilhac, “The essentials of direct xylem pressure measurement,”
Plant, Cell and Environment, 24, 549-555 (2001)

e Zimmermann, U., H. Schneider, L. H. Wegner, H.-J. Wagner, M. Szimtenings, A. Haase, and F.-W. Bentrup,
“What are the driving forces for water lifting in the xylem conduit?” Physiologia Plantarum, 114, 327-335
(2002)

e Tyree, M. T., “The ascent of water,” Nature, 423, 923 (26 June 2003)

e North, G. B., “A long drink of water: how xylem changes with depth,” New Phytologist, 163, 447-449
(2004)

¢ Angeles, G., B. Bond, J. S. Boyer, T. Brodribb, J. R. Brooks, M. J. Burns, J. Cavender-Bares, M. Clearwater,
H. Cochard, J. Comstock, S. D. Davies, J.-C. Domec, L. Donovan, F. Ewers, B. Gartner, U. Hacke, T.
Hinckley, N. M. Holbrook, H. G. Jones, K. Kavanagh, B. Law, J. Lopez-Portillo, C. Lovisolo, T. Martin, J.
Martinez-Valalta, S. Mayr, F. C. Meinzer, P. Melcher, M. Mencuccini, S. Mulkey, A. Nardini, H. S. Neufeld,
J. Passioura, W. T. Pockman, R. B. Pratt, S. Rambal, H. Richter, L. Sack, S. Salleo, A. Schubert, P. Schulte,
J. P. Sparks, J. Sperry, R. Teskey, M. Tyree, (letter) “The cohesion-tension theory,” New Phytologist, 163,
451-452 (2004)

ee Delzon, S., M. Sartore, R. Burlett, R. Dewar, and D. Loustau, “Hydraulic responses to height growth in
maritime pine trees,” Plant, Cell and Environment, 27, 1077-1087 (2004)

ee Woodruff, D. R., B. J. Bond, and F. C. Meinzer, “Does turgor limit growth in tall trees?” Plant, Cell and
Environment, 27, 229-236 (2004)

eee Zimmermann, U., H. Schneider, L. H. Wegner, and A. Haase, “Water ascent in tall trees: does evolution
of land plants rely on a highly metastable state?”” New Phytologist, 162, 575-615 (2004)

eee Roderick, M. L., and M. J. Canny, “A mechanical interpretation of pressure chamber measurements---
what does the strength of the squeeze tell us?” Plant Physiology and Biochemistry, 43, 323-336 (2005)

ee Wheeler, T. D., and A. D. Stroock, “The transpiration of water at negative pressures in a synthetic tree,”
Nature, 455, 208-212 (11 September 2008)

¢ “Making the paper: Abraham Stroock” Nature, 455, xiii (11 September 2008)

o Surridge, C., “Negative success in tiny tree” Nature, 455, 181 (11 September 2008)



Fluids 154

e Ledford, H., “Tiny synthetic tree pumps water,” Nature News (10 September 2008) available at
http://www.nature.com/news/2008/080910/full/news.2008.1097.html
e Goldman, T., and J. Roy, (letters) “Water in trees,” Physics Today, 61, No. 8, 11-12 (August 2008)

Related references

e Scholander, P. F., A. R. Hargens, and S. L. Miller, “Negative pressure in the interstitial fluid of animals,”
Science, 161, 321-328 (26 July 1968)

e Hayward, A. T. J., “Mechanical pump with a suction lift of 17 meters,” Nature, 225, No. 5230, 376-377 (24
January 1970)

e Hayward, A. T. J., “Negative pressure in liquids: can it be harnessed to serve man?” American Scientist, 59,
434-443 (July-August 1971)

o Kell, G. S., “Early observations of negative pressures in liquids,” American Journal of Physics, 51, No. 11,
1038-1041 (November 1983)

eee Zwieniecki, M. A,, C. K. Boyce, and N. M. Holbrook, “Functional design of single-veined leaves: role of
tissue hydraulic properties in constraining leaf size and shape,” Annals of Botany, 94, 507-513 (2004)

ee Cochard, H., A. Nardini, and L. Coll, “Hydraulic architecture of leaf blades: where is the main resistance?”
Plant, Cell and Environment, 27, 1257-1267 (2004)

2.137 Windrows on water
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
o Langmuir, 1., “Surface motion of water induced by wind,” Science, 87, 2250, 119-123 (11 February 1938)
o Faller, A. J., “The angle of windrows in the ocean,” Tellus, 16, 363-370 (1964)
oo Faller, A. J., and A. H. Woodcock, “The spacing of windrows of Sargassum in the ocean,” Journal of Marine
Research, 22, No. 1, 22-29 (1964)
eee Craik, A. D. D., “A wave-interaction model for the generation of windrows,” Journal of Fluid Mechanics,
41, part 4, 801-821 (1970)
eee Craik, A. D. D., “The generation of Langmuir circulations by an instability mechanism,” Journal of Fluid
Mechanics, 81, part 2, 209-223 (1977)
ee Faller, A. J,, and E. A. Caponi, “Laboratory studies of wind-driven Langmuir circulations,” Journal of
Geophysical Research, 83, No. C7, 3617-3633 (20 July 1978)
eee | cibovich, S., “The form and dynamics of Langmuir circulations,” Annual Review of Fluid Mechanics,
15, 391-427 (1983)
ee Zedel, L., and D. Farmer, “Organized structures in subsurface bubble clouds: Langmuir circulation in the
open ocean,” Journal of Geophysical Research, 96, No. C5, 889-8900 (15 May 1991)
eee Nepf, H. M., and S. G. Monismith, “Experimental study of wave-induced longitudinal vortices,” Journal
of Hydraulic Engineering, 117, No. 12, 1639-1649 (December 1991)
e Thorpe, S. A., “Bubble clouds and the dynamics of the upper ocean,” Quarterly Journal of the Royal
Meteorological Society, 118, No. 503, Part A, 1-22 (January 1992)
e Woodcock, A. H., “Winds subsurface pelagic Sargassum and Langmuir circulations,” Journal of
Experimental Marine Biology and Ecology, 170, No. 1, 117-125 (1993)



Fluids 155

e Kenney, B. C., “Observations of coherent bands of algae in a surface shear layer,” Limnology and
Oceanography, 38, No. 5, 1059-1067 (July 1993)

e Farmer, D., and M. Li, “Patterns of bubble clouds organized by Langmuir circulation,” Journal of Physical
Oceanography, 25, 1426-1440 (June 1995)

eee i, M., and C. Garrett, “Is Langmuir circulation driven by surface waves or surface cooling?” Journal of
Physical Oceanography, 25, No. 1, 64-76 (January 1995)

ee Graham, A., and A. J. Hall, “The horizontal distribution of bubbles in a shallow sea,” Continental Shelf
Research, 17, No. 9, 1051-1082 (1997)

ee Thorpe, S. A., “Langmuir circulation and the dispersion of oil spills in shallow seas,” Spill Science &
Technology Bulletin, 6, Nos. 3-4, 213-223 (2000)

e Tsai, W.-T., “On the formation of streaks on wind-driven water surfaces,” Geophysical Research Letters, 28,
No. 20, 3959-3962 (15 October 2001)

eee Bhaskaran, R., and S. Leibovich, “Eulerian and Lagrangian Langmuir circulation patterns,” Physics of
Fluids, 14, No. 7, 2557-2571 (July 2002)

eee Thorpe, S. A., T. R. Osborn, D. M. Farmer, and S. Vagle, “Bubble clouds and Langmuir circulation:
observations and models,” Journal of Physical Oceanography, 33, 2013-2031 (September 2003)

eee Thorpe, S. A., “Langmuir circulation,” Annual Review of Fluid Mechanics, 36, 55-79 (2004)

2.138 Cloud streets and forest-fire strips
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 Kuo, H. L., “Perturbations of plane Couette flow in stratified fluid and origin of cloud streets,” Physics of
Fluids, 6, No. 2, 195-211 (February 1963)
¢ Hanna, S. R., “The formation of longitudinal sand dunes by large helical eddies in the atmosphere,” Journal
of Applied Meteorology, 8, 874-883 (December 1969)
¢ Hastings, J. D., “Sand streets,” Meteorological Magazine, 100, 155-156 (1971)
eee Kuettner, J. P., “Cloud band in the earth’s atmosphere. Observations and theory,” Tellus, 23, 404-425
(1971)
eee | eMone, M. A, “The structure and dynamics of horizontal roll vortices in the planetary boundary layer,”
Journal of Atmospheric Sciences, 30, No. 6, 1077-1091 (September 1973)
eee Sun, W.-Y., “Stability analysis of deep cloud streets,” Journal of the Atmospheric Sciences, 35, 466-483
(March 1978)
¢ Weston, K. J., “An observational study of convective cloud streets,” Tellus, 32, No. 5, 433-438 (1980)
e Haines, D. A., “Horizontal roll vortices and crown fires,” Journal of Applied Meteorology, 21, No. 6, 751-
763 (June 1982)
¢ Albini, F. A., “Wildland fires,” American Scientist, 72, 590-597 (November-December 1984)
ee Brummer, B., S. Bakan, and H. Hinzpeter, “KonTur: Observations of cloud streets and open cellular
structures,” Dynamics of Atmospheres and Oceans, 9, No. 3, 281-296 (1985)
eee Etling, D., and R. A. Brown, “Roll vortices in the planetary boundary layer: a review,” Boundary-Layer
Meteorology, 65, No. 3, 215-248 (August 1993)



Fluids 156

e Starer, D., and A. Loening, (letters) “Lines in the sky,” in “The Last Word,” New Scientist, 165, No. 2221,
inside back cover (15 January 2000)

e Young, G. S., D. A. R. Kristovich, M. R. Hjelmfelt, and R. C. Foster, “Rolls, streets, waves, and more. A
review of quasi-two-dimensional structures in the atmospheric boundary layer,” American Meteorological
Society, 997-1001 (July 2002)

Related references

e Miura, Y., “Aspect ratios of longitudinal rolls and convection cells observed during cold air outbreaks,”
Journal of the Atmospheric Sciences, 43, No. 1, 26-39 (1 January 1986)

¢ Kang, S.-D., and F. Kimura, “A numerical study on the mechanism of cloud-street formation in the lee of an
isolated mountain near a coast,” Journal of the Meteorological Society of Japan, 75, No. 5, 955-968 (October
1997)

eee Sang, J. G., “Cloud bands induced by isolated mountains,” Quarterly Journal of the Royal Meteorological
Society, 125, Part A, No. 559, 2713-2741 (October 1999)

2.139 Packing M&Ms
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.nyu.edu/~pc86/packing.html  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
¢ Weitz, D. A., “Packing in the spheres,” Science, 303, No. 5660, 968-969 (13 February 2004)
e Donev, A., I. Cisse, D. Sachs, E. A. Variano, F. H. Stillinger, R. Connelly, S. Torquato, and P. M. Chaikin,
“Improving the density of jammed disordered packings using ellipsoids,” Science, 303, No. 5660, 990-993 (13
February 2004)
o Weiss, P., “Candy science---M&Ms pack more tightly than spheres,” Science News, 165, 102 (14 February
2004)
ee Donev, A., F. H. Stilligner, P. M. Chaikin, and S. Torquato, “Unusually dense crystal packings of
ellipsoids,” Physical Review Letters, 92, No. 25, article # 255506 (4 pages) (25 June 2004)
ee Haji-Akbari, A., M. Engel, A. S. Keys, X. Zheng, R. G. Petschek, P. Palffy-Muhoray, and S. C. Glotzer,
“Disordered, quasicrystalline and crystalline phases of densely packed tetrahedral,” Nature, 462, 773-777 (10
December 2009)
ee Torquato, S., and Y. Jiao, “Dense packings of polyhedral: Platonic and Archimedean solids,” Physical
Review E, 80, article # 041104 (21 pages) (2009)

Related references

ee Brown, C. B., “Entropy and granular materials: model,” Journal of Engineering Mechanics, 126, No. 6,
599-604 (June 2000)

ee Brown, C. B., D. G. EIms, M. T. Hanson, K. Nikzad, and R. E. Worden, “Entropy and granular materials:
experiments,” Journal of Engineering Mechanics, 126, No. 6, 605-610 (June 2000)



Fluids 157

2.140 A pile of apples
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 Cowin, S. C., “The theory of static loads in bins,” Journal of Applied Mechanics, Transactions of the
ASME, 44, 409-412 (September 1977)
eee Trollope, D. H., and B. C. Burman, “Physical and numerical experiments with granular wedges,”
Geotechnique, 30, No. 2, 137-157 (1980)
¢ Watson, A., "The perplexing puzzle posed by a pile of apples,” New Scientist, 132, 19 (14 December 1991)
ee Zhu, C. Y., A. Shukla, and M. H. Sadd, “Prediction of dynamic contact loads in granular assemblies,”
Journal of Applied Mechanics, Transactions of the ASME, 58, 341-346 (June 1991)
eee | iffman, K., D. Y. C. Chan, and B. D. Hughes, “Force distribution in a two dimensional sandpile,” Powder
Technology, 72, No. 3, 255-267 (1 November 1992)
ee Grindlay, J., "Bruised apples,” American Journal of Physics, 61, 469-470 (1993)
ee Liffman, K., D. Y. C. Chan, and B. D. Hughes, “On the stress depression under a sandpile,” Powder
Technology, 78, No. 3, 263-271 (1994)
ee Liu, C.-h., S. R. Nagel, D. A. Schecter, S. N. Coppersmith, S. Majumdar, O. Narayan, and T. A. Witten,
“Force fluctuations in bead packs,” Science, 269, No. 5223, 513-515 (28 July 1995)
eee Bouchaud, J.-P., M. E. Cates, and P. Claudin, “Stress distribution in granular media and nonlinear wave
equation,” Journal of Physics I. France 5, 639-656 (1995)
eee \Vittmer, J. P., P. Claudin, M. E. Cates, and J.-P. Bouchaud, “An explanation for the central stress minimum
in sand piles,” Nature, 382, 336-337 (25 July 1996)
eee Edwards, S. F., and C. C. Mounfield, “A theoretical model for the stress distribution in granular. 1. Basic
equations,” Physica A, 226, 1-11 (1996)
eee Edwards, S. F., and C. C. Mounfield, “A theoretical model for the stress distribution in granular. I11. Forces
in sandpiles,” Physica A, 226, 25-33 (1996)
eee Coppersmith, S. N., C.-h. Liu, S. Majumdar, O. Narayan, and T. A. Witten, “Model for force fluctuations
in bead packs,” Physical Review E, 53, No. 5, 4673-4685 (May 1996)
¢ Watson, A., “Searching for the sand-pile pressure dip,” Science, 273, No. 5275, 579-580 (2 August 1996)
ee Jaeger, H. M., S. R. Nagel, and R. P. Behringer, “Granular solids, liquids, and gases,” Reviews of Modern
Physics, 68, No. 4, 1259-1273 (October 1996)
e Coppersmith, S. N., “Force fluctuations in granular media,” Physica D, 107, 183-185 (1997)
eee Nicodemi, M., A. Coniglio, and H. J. Herrmann, “Compaction and force propagation in granular
packings,” Physica A, 240, 405-418 (1997)
¢ Peterson, 1., “Dry sand, wet sand. Digging into the physics of sandpiles and sand castles,” Science News,
152, 186-187 (20 September 1997)
ee Brockbank, R., J. M. Huntley, and R. C. Ball, “Contact force distribution beneath a three-dimensional
granular pile,” Journal de Physique I, 7, 1521-1532 (1997)
eee Cates, M. E., J. P. Wittmer, J.-P. Bouchaud, and P. Claudin, “Development of stresses in cohesionless
poured sand,” Philosophical Transactions of the Royal Society of London A, 356, 2535-2561 (1998)
eee Huntley, J. M., Fluidization, segregation and stress propagation in granular materials,” Philosophical
Transactions of the Royal Society of London A, 356, 2569-2590 (1998)
eee Huntley, J. M., “Force distribution in an inhomogeneous sandpile,” European Physical Journal B, 8, 389-
397 (1999)



Fluids 158

¢ Vanel, L., D. Howell, D. Clark, R. P. Behringer, and E. Clement, “Memories in sand: experimental tests of
construction history on stress distributions under sandpiles,” Physical Review E, 60, No. 5, R5040-R5043
(November 1999)

eee Nguyen, M. L., and S. N. Coppersmith, “Properties of layer-by-layer vector stochastic models of force
fluctuations in granular materials,” Physical Review E, 59, No. 5, 5870-5880 (May 1999)

eee de Gennes, P. G., “Granular matter: a tentative view,” Reviews of Modern Physics, 71, No. 2, S374-5382
(1999)

eee Oron, G., and H. J. Herrmann, “Contact forces in regular 3D granular pile,” Physica A, 265, 455-462
(1999)

eee Rajchenbach, J., “Stress transmission through textured granular packings,” Physical Review E, 63, article
# 041301 (5 pages) (2001)

e Geng, J., E. Longhi, R. P. Behringer, and D. W. Howell, “Memory in two-dimensional heap experiments,”
Physical Review E, 64, article # 060301(R) (4 pages) (2001)

¢ Studman, C. J., and M. Geyer, “Modelling the load distribution of stacked apples and other spherical objects,”
Biosystems Engineering, 82, No. 1, 65-72 (2002)

ee Dorbolo, S., and N. Vandewalle, “Electrical investigations of granular arches,” Physica A, 311, 307-312
(2002)

eee Zhou, Y. C., B. H. Xu, R. P. Zou, A. B. Yu, and P. Zulli, “Stress distribution in a sandpile formed on a
deflected base,” Advanced Powder Technology, 14, No. 4, 401-410 (2003)

eee Geng, J. G. Reydellet, E. Clement, R. P. Behringer, “Green’s function measurements of force transmission
in 2D granular materials,” Physica D, 182, 274-303 (2003)

eee Mehta, A., G. C. Barker, and J. M. Luck, “Cooperativity in sandpiles: statistics of bridge geometries,”
Journal of Statistical Mechanics: Theory and Experiment, no volume, article #P10014 (15 pages) (2004)

eee Metzger, P. T., and C. M. Donahue, “Elegance of disordered granular packings: A validation of Edward’s
hypothesis,” Physical Review Letters, 94, article #148001 (4 pages) (15 April 2005)

ee Atman, A. P. F., P. Brunet, J. Geng, G. REydellet, G. Combe, P. Claudin, R. P. Behringer, and E. Clement,
“Sensitivity of the stress response function to packing preparation,” Journal of Physics: Condensed Matter, 17,
S2391-S2403 (2005)

eee Atman, A. P. F., P. Brunet, J. Geng, G. Reydellet, P. Claudin, R. P. Behringer, and E. Clement, “From the
stress response function (back) to the sand pile ‘dip’,” European Physical Journal E, 17, 93-100 (2005)

eee Krimer, D. O., M. Pfitzner, K. Brauer, Y. Jiang, and M. Liu, “Granular elasticity: general considerations
and the stress dip in sand piles,” Physics Review E, 74, article # 061310 (10 pages) (2006)

eee Zuriguel, 1., T. Mullin, and J. M. Rotter, “Effect of particle shape on the stress dip under a sandpile,”
Physical Review Letters, 98, article # 028001 (12 January 2007)

eee Zuriguel, I., and T. Mullin, “The role of particle shape on the stress distribution in a sandpile,” Proceedings
of the Royal Society A, 464, 99-116 (2008)

Related references

eee Cowin, S. C., and W. J. Comfort Ill, “Gravity-induced density discontinuity waves in sand columns,”
Journal of Applied Mathematics, Transactions of the ASME, 49, 497-500 (September 1982)

ee Slanina, F., “Cracking piles of brittle grains,” Physical Review E, 60, No. 2, 1940-1945 (August 1999)

e Herold, B., M. Geyer, C. J. Studman, “Fruit contact pressure distributions---equipment,” Computers and
Electronics in Agriculture, 32, 167-179 (2001)

oo Vidales, A. M., and I. Ippolito, “Wall effects on the percolation of small grains in 2D ensembles,” Physica
A, 337, 495-504 (2004)

e Moukarzel, C. F., H. Pacheco-Martinez, J. C. Ruiz-Suarez, and A. M. Vidales, “Static response in disk
packings,” Granular Matter, 6, 61-66 (2004)



Fluids 159

eee Frenning, G., and G. Alderborn, “Evolution of distributions and spatial correlations of single-particle
forces and stresses during compression of ductile granular materials,” Physical Review E, 71, article # 011305
(9 pages) (2005)

2.141 Powder patterns
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=6sonpvUxGL8&mode=related&search= Chladni patterns on large

vibrating plate

http://www.youtube.com/watch?v=ZiXNXbGLTRO Chladni pattern on top plate of violin
http://www.youtube.com/watch?v=nuS4HmaRxrs Chladni pattern reveals the oscillations on a plate at

various frequencies

http://www.youtube.com/watch?v=EprMFajNzfQ&mode=related&search= Chladni patterns on plate that is

bowed

http://www.youtube.com/watch?v=WLKk_f2iPrsA&mode=related&search=

Chladni patterns on a drum oscillated at different rates

http://www.youtube.com/watch?v=nuS4HmaRxrs&mode=related&search= Chladni patterns

http://www.youtube.com/watch?v=sY6z2hLgYuY &mode=related&search= Chladni patterns part 1

http://www.youtube.com/watch?v=kWadDtIFPNs&mode=related&search= Chladni patterns part 2

http://www.youtube.com/watch?v=3csi-2Hrzhg&mode=related&search= Chladni patterns part 3

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

Chladni patterns part 4

http://www.youtube.com/watch?v=cXwpPdu9M-U Vibrating powder shows internal flow

http://www.youtube.com/watch?v=tcJ732tFab8 Migrating powder

http://www.youtube.com/watch?v=G3s3wmr5Eb4 Vibrating cinnamon powder

http://www.youtube.com/watch?v=qvNyD04nzWc Large oscillations of powder

http://www.youtube.com/watch?v=WmxAQJIVPZA More migration of vibrated powder

http://www.youtube.com/watch?v=7UNtdhxStNO Rotating thin cylinder of powder
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http://www.columbia.edu/cu/physics/printable/rce/main/demo/fluid.html Scroll down to the “Floating Ball”
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The material here is located at www.flyingcircusofphysics.com and will be updated periodically.
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2.153 Olive-oil fingers on talc-covered water
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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2.154 Chicken-fat oscillator
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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