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Chapter 4 
Striking at the heat in the night 
(thermal processes) 
 
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 
http://www.flyingcircusofphysics.com/News/NewsDetail.aspx?NewsID=40 
 

August 2011 
 
 
4.1    Dead rattlesnakes 
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=Bb1R6xGC8HI&feature=related  slow-
motion snake strike. You can see the venom squirt out of the fangs. 
   
http://www.keepbusy.net/play.php?id=decapitated-snake-head-attacks  
http://www.youtube.com/watch?v=GiqxyozkCos  same video 
http://www.break.com/index/snake-attacks-after-losing-body.html  same 
video 
 
http://www.metacafe.com/watch/823553/decapitated_rattle_snake_still_m
oves/   
 
news items about squirrels and snakes 
http://news.mongabay.com/2007/0813-squirrels.html  
http://acp.eugraph.com/news/news07/rundus.html 
http://notexactlyrocketscience.wordpress.com/2007/08/19/ground-squirrels-use-infrared-
signals-to-fool-heat-seeking-rattlesnakes/  
http://scienceblogs.com/grrlscientist/2007/08/squirrels_wave_hot_tails_to_co.php  including 
videos 
 
news item about decapitated snake biting someone 
http://seattletimes.nwsource.com/html/localnews/2003829929_dige10m.html 
http://www.scientificamerican.com/article.cfm?id=news-bytes-of-the-week-headless-snake-
bites-hapless-man  
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4.2    Fire-detecting beetles 
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://spectre.nmsu.edu/dept/docs/armu/arthropods/beetles/photo4.jpg  Photo of the beetle 
http://insects.tamu.edu/images/insects/common/images/b-txt/bimg150.html   Photo of the beetle in bark 
http://www.forestpests.org/subject.html?SUB=354  Photos of larvae in bark 
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4.3    Bees kill hornet 
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.  
 
Bees kill via heating 
http://www.youtube.com/watch?v=K6m40W1s0Wc&feature=related   
http://www.youtube.com/watch?v=JtFVQe4JRmA    
http://www.sciencenews.org/articles/20050924/fob5.asp  News story plus photo 
http://www.boingboing.net/images/beefu.jpg  The same photo 
 
Bees kill via suffocation 
http://www.youtube.com/watch?v=EuAfbt8-7VE  
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4.4  Huddling animals 
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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4.5  Space walking without a spacesuit 
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.  
 
Comments 
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4.6  Drops on a hot skillet, fingers in molten lead 
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.  
 
Dean Baird’s video: 
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http://phyzblog.blogspot.com/2007/01/post-ptsos2-note-leidenball-video.html 
Me at UCLA: 
http://www.youtube.com/watch?v=TjEhMSADaHs  
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4.9  Short Story: Fire-walking accounts 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, 
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    The material here is located at www.flyingcircusofphysics.com and will be updated periodically.  
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4.10   Freezing and supercooling water 
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4.11   Eating sea ice 
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4.12  Cooling rates of initially hot and warm water 
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4.14   Saving the stored vegetables with a tub of water 
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4.15   Spraying an orchard to preventing freezing 
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4.16  Throwing hot water into very cold air 
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=CC3DUwseZn8&NR=1  At a temperature well below the freezing 
point, pouring out water at the boiling point produces instant ice crystals 
http://www.youtube.com/watch?v=nUDuPyod1WU  
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http://www.youtube.com/watch?v=PQEVcCv_xkQ&mode=related&search=  Video # 2, including 
infrared images 
http://www.youtube.com/watch?v=A38iIubSBFQ 
http://www.youtube.com/watch?v=bDlb3MmwAzE&feature=related  
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http://www.youtube.com/watch?v=R0Adtrjnogc 
http://www.youtube.com/watch?v=FwknH931pLw 
http://www.youtube.com/watch?v=zFj_i6HtebM&feature=related  
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4.17   Icicles 
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=WE4hZn1YgAY&mode=related&search= Icicles can kill you, and 
that is a really embarrassing way to die 
http://www.youtube.com/watch?v=CeSvYK2RvWw  
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4.18  Ice dams at eaves 
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.extension.umn.edu/distribution/housingandclothing/DK1068.html  Discussion plus nice 
diagram 
http://www.umass.edu/bmatwt/publications/articles/ice_dams.html  Discussion plus good photos, near 
bottom 
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4.19   Rime ice and glaze ice on cables 
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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4.20   Ice spikes and other ice formations 
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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4.21  Cloudy ice cubes 
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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4.22   Figures inside melting ice 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, 
published by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.  
    The material here is located at www.flyingcircusofphysics.com and will be updated periodically.  
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4.23  Freezing of ponds and lakes 
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  through  indicate level of difficulty 
   Journal reference style: author, title, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Birge, E. A., “The apparent sinking of ice in lakes,” Science, 32, 81-82 (1910) 



Thermal 23

 Dorsey, N. E., Properties of Ordinary Water-Substance, Hafner, 1968 reprint of 1940 edition, pages 
248, 275-276 
 Chalmers, B., “How water freezes,” Scientific American, 200, 114-122 + 172 (February 1959) 
 Eklund, H., “Stability of lakes near the temperature of maximum density,” Science, 149, 632-633 (6 
August 1965) 
 Myrup, L, D. Gross, L. S. Hoo, and W. Goddard, “Upside down convection,” Weather, 25, 150-157 
(1970) 
 Katsaros, K. B., “Convection patters in a pond,” Bulletin of the American Meteorological Society, 62, 
No. 10, 1446-1453 (October 1981) 
 Woodcock, A. H., and R. B. Lukas, “Comments concerning ‘convection patterns in a pond’,” Bulletin 
of the American Meteorological Society, 64, No. 3, 274-277 (March 1983) 
 Katsaros, K. B., response, Bulletin of the American Meteorological Society, 64, No. 3, 277-279 
(March 1983) 
 Greenslade, T. B., Jr., “The maximum density of water,” Physics Teacher, 23, 474-477 (November 
1985) 
 McKay, C. P., G. D. Clow, R. A. Wharton, Jr., and S. W. Squyres, “Thickness of ice in perennially 
frozen lakes,” Nature, 313, 561-562 (14 February 1985) 
 Bohren, C., “The freezing of lakes,” in “Simple Experiments in Atmospheric Physics” in 
Weatherwise, 39, 328-331 (December 1986); contained in C. F. Bohren, Clouds in a Glass of Beer: 
Simple Experiments in Atmospheric Physics, John Wiley & Sons, Inc., 1987, Chapter 9 
 Knight, C. A., “Formation of slush on floating ice,” Cold Regions and Technology, 15, No. 1, 33-38 
(February 1988) 
 Knight, C., “On frozen pond. Nature creates unusual shapes and patterns where ice, snow, and water 
come together,” Weatherwise, 52, 35-40 (January/February 1999)  
 Mironov, D., A. Terzhevik, G. Kirillin, T. Jonas, J. Malm, and D. Farmer, “Radiatively driven 
convection in ice-covered lakes: Observations, scaling, and a mixed layer model,” Journal of 
Geophysical Research, 107, No. C4, article # 3032 (15 April 2002) 
 Habeebullah, B., G. M. Zaki, and M. Akyurt, “Prototype device for converting freezing energy into 
mechanical work,” Energy Conversion & Management, 44, 251-265 (2003) 
 
Related references 
 Ashton, G. D., “River ice,” Annual Review of Fluid Mechanics, 10, 369-392 (1978)  
 Ashton, G. D., “River ice,” American Scientist, 67, No. 1, 38-45 (January-February 1979) 
 Greenslade, T. B., Jr., “The maximum density of water,” Physics Teacher, 23, 474-477 (November 
1985) 
 Kelley, D. E., “Convection in ice-covered lakes: effects on algal suspension,” Journal of Plankton 
Research, 19, No. 12, 1859-1880 (1997) 
 Wells, A., (letter) “Whirled patterns in thawing snow,” Journal of Glaciology, 45, No. 150, 403 
(1999) 
 
 
 
4.24  Freezing carbonated drinks 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, 
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4.26   Touching or licking a cold pipe 
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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4.31  Short Story 
Dead-cat bomb and a frozen disappearance 
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=QaprCLxG5Tg  Liquid nitrogen and flower 
 
References 
   Dots  through  indicate level of difficulty 
   Journal reference style: author, title, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Meade, L. T., and R. Eustace, "The man who disappeared," in Death Locked In, edited by D. G. 
Greene and C. S. Adey, International Polygonics, Ltd., 1987, pages 367-391 1987 
 
 
 
4.32  Snowflake formation 
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  through  indicate level of difficulty 
   Journal reference style: author, title, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Woodland, P. C., and E. E. Ziegler, “Static dust collection on plastics,” Modern Plastics, 28, No. 9, 
95-106 + 169-178 (neglect full page ads) (May 1951) 
 Tolansky, S., “Symmetry of snow crystals,” Nature, 181, No. 4604, 256-257 (25 January 1958) 
 Mason, B. J., “The growth of snow crystals,” Scientific American, 204, No. 1, 120-131 (January 
1961) 
 Knight, C. and N. Knight, “Snow crystals,” Scientific American, 227, No. 1, 100-107 + 128 (January 
1973) 
 Kobayashi, T., and Y. Furukawa, “On twelve-branched snow crystals,” Journal of Crystal Growth, 28, 
21-28 (1975) 
 Battan, L. J., “Weather Queries?” Weatherwise, 32, 215-216 (October 1979) 
 Langer, J. S., “Instabilities and pattern-formation in crystal-growth,” Reviews of Modern Physics, 
82, No. 1, 1-28 (1980) 
 Frank, F. C., “Snow crystals,” Contemporary Physics, 23, No. 1, 3-22 (1982) 
 Maddox, J., “Snowflakes are far from simple,” Nature, 306, 13 (3 November 1983) 
 Hallett, J., “How snow crystals grow,” American Scientist, 72, 582-589 (November-December 1984) 
 Schrack, R. A., (letter) “Electrical aspects of the snowflake crystal,” Nature, 314, 324 (28 March 
1985) 
 Mortley, W. S., and A. Fulton, (letters) “No pattern yet for snowflakes,” Nature, 313, 638 (21 
February 1985) 



Thermal 31

 Fujiyoshi, Y., “Melting snowflakes,” Journal of Atmospheric Sciences, 43, No. 3, 307-311 (1 
February 1986) 
 Maddox, J., “Towards understanding snowflakes,” Nature, 321, 645 (12 June 1986) 
 Nittman, J., and H. Eugene Stanley, “Tip splitting without interfacial tension and dendritic growth 
patterns arising from molecular anisotropy,” Nature, 321, 663-668 (12 June 1986) 
 Knight, N. C., “No two alike?” Bulletin of the American Meteorological Society, 69, No. 5, 496 (May 
1988) 
 Mason, B. J., “Snow crystals, natural and man made,” Contemporary Physics, 33, No. 4, 227-243 
(1992) 
 Davey, R., and D. Stanley, “All about ice,” New Scientist, 140, 33-37 (18 December 1993) 
 Mason, B. J., “Growth habits and growth rates of snow crystals,” Proceedings of the Royal Society 
of London A, 441, No. 1911, 3-16 (1993) 
 Mason, B. J., “The shapes of snow crystals---fitness for purpose? Quarterly Journal of the Royal 
Meteorological Society, 120, No. 518, Part A, 849-860 (July 1994) 
 Kikuchi, K., and H. Uyeda, “Formation mechanisms of multibranched snow crystals (twelve-, 
eighteen-, twenty-four-branched crystals),” Atmospheric Research 47-48, 169-179 (1998) 
 Battersby, S., “Designer snowflakes,” New Scientist, 168, 26-31 (23/30 December 2000) 
 Libbrecht, K. G., and H. Yu, “Crystal growth in the presence of surface melting: supersaturating 
dependence of the growth of columnar ice crystals,” Journal of Crystal Growth, 222, 822-831 (2001) 
 Libbrecht, K. G., The Snowflake: Winter’s Secret Beauty, Voyageur Press, 2003 
 Westbrook, C. D., R. C. Ball, P. R. Field, and A. J. Heymsfield, “Theory of growth by differential 
sedimentation, with application to snowflake formation,” Physical Review E, 70, part 1, article # 
021403 (7 pages) (August 2004) 
 Libbrecht, K. G., “The physics of snow crystals,” Reports on Progress in Physics, 68, 855-895 
(2005) 
 Libbrecht, K. G., Ken Libbrecht’s Field Guide to Snowflakes, Voyageur Press, 2006 
 Libbrecht, K. G., “The formation of snow crystals,” American Scientist, 95, No. 1, 52-59 (January-
February 2007) 
 
Related references 
 Hooton, R., “Remarkable fall of large ice-flakes,” Journal of Meteorology, 4, 280-281 (1979) 
 Pearson, M. G., “Snowflakes of remarkable size,” Journal of Meteorology, 7, 315 (1982) 
 Pike, W. S., “Unusually-large snowflakes,” Journal of Meteorology, 13, No. 125, 3-16 (January 1988) 
 Rappaz, M., and W. Kurz, “Dendrites solidified by computer,” Nature, 375, 103 (11 May 1995) 
 Gollub, J. P., and J. S. Langer, “Pattern formation in nonequilibrium physics,” Reviews of Modern 
Physics, 71, No. 2, S396-S403 (1999) 
 Weiss, P., “What a flake: Computers get the hang of ice-crystal growth,” Science News, 170, 408-410 
(23 & 30 December 2006)  
 
 
 
4.33   Skiing 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, 
published by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.  
    The material here is located at www.flyingcircusofphysics.com and will be updated periodically.  
 
References 
   Dots  through  indicate level of difficulty 
   Journal reference style: author, title, journal, volume, pages (date) 



Thermal 32

   Book reference style: author, title, publisher, date, pages 
 Bowden, F. P., and T. P. Hughes, “The mechanism of sliding of ice and snow,” Proceedings of the 
Royal Society of London, Series A, 172, 280-298 (1939) 
 Bowden, F. P., and D. Tabor, The Friction and Lubrication of Solids, Part II, Oxford University Press, 
1964, pages 148-158 
 Outwater, J. O., “On the friction of skis,” Medicine and Science in Sports, 2, No. 4, 231-234 (1970) 
 Plumb, R. C., “Sliding friction and skiing,” in “Chemical Principles Exemplified,” Journal of 
Chemical Education, 49, 830 (1972) 
 Chase, A., “Cross-country skiing: the hows of wax,” Science 82, 3, 90-91 (March 1982) 
 Slotfeldt-Ellingsen, D., and L. Torgersen, “Water in ice: influence on friction,” Journal of Physics D: 
Applied Physics, 16, 1715-1719 (1983) 
 Perlman, E., “Anatomy of a ski,” Science 85, 6, 90-91 (February 1985) 
 Mendelson, K. S., (letter) “Why is ice so slippery?” American Journal of Physics, 53, No. 5, 393 
(May 1985) 
 Glenne, B., “Sliding friction and boundary lubrication of snow,” Transactions of the ASME. Journal 
of Tribology, 109, 614-617 (October 1987) 
 Colbeck, S. C., “The kinetic friction of snow,” Journal of Glaciology, 34, No. 116, 78-86 (1988) 
 Colbeck, S., C. “The thermal response of downhill skis,” Journal of Glaciology, 37, No. 126, 228-235 
(1991) 
 Colbeck, S. C., “A review of the friction of snow skis,” Journal of Sports Sciences, 12, 285-295 
(1994) 
 Colbeck, S. C., “Bottom temperatures of skating skis on snow,” Medicine and Science in Sports and 
Exercise, 26, No. 2, 258-262 (February 1994) 
 Colbeck, S. C., “Capillary bonding of wet surfaces,” Surface and Coatings Technology, 81, 209-214 
(1996) 
 Sahashi, T., and S. Ichino, “Coefficient of kinetic friction of snow skis during turning descents,” 
Japanese Journal of Applied Physics, 37, Part 1, No. 2, 720-727 (1998) 
 Buhl, D., M. Fauve, and H. Rhyner, “The kinetic friction of polyethylen on snow: the influence of 
the snow temperature and the load,” Cold Regions Science and Technology, 33, 133-140 (2001) 
 Muller, E., and H. Schwameder, “Biomechanical aspects of new techniques in alpine skiing and ski-
jumping,” Journal of Sports Sciences, 21, No. 9, 679-682 (September 2003) 
 Colbeck, S. C., and D. K. Perovich, “Temperature effects of black versus white polyethylene bases for 
snow skis,” Cold Regions Science and Technology, 39, 33-38 (2004) 
 Wu, Q. H., Y. Andreopoulos, and S. Weinbaum, “From red cells to snowboarding: a new concept for 
a train track,” Physical Review Letters, 93, No. 19, 194-501, article # 194501 (4 pages) (5 November 
2004) 
 Biever, C., “Skiing blood cells inspire pillow tech,” New Scientist, 184, No. 2473, 9 (13 November 
2004) 
 
Related references 
 Rhodes, J. J., R. L. Armstrong, and S. G. Warren, “Mode of formation of ‘ablation hollow’ controlled 
by dirt content of snow,” Journal of Glaciology, 33, No. 114, 135-139 (1987) 
 Swinson, D. B., “Physics and snowboarding,” Physics Teacher, 32, No. 10, 530-534 (December 
1994) 
 von Hertzen, R., U. Holmlund, and M. A. Ranta, “On the velocity maximization in downhill 
skiing,” Journal of Biomechanics, 30, No. 5, 525-529 (1997)  
 
 
 



Thermal 33

4.34  Ice skating and making a snowball 
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=66CVS6drH-M   Penn State snowball fight, an uncontrolled 
fascination with the physics of hard-packing snow with pressure 
 
References 
   Dots  through  indicate level of difficulty 
   Journal reference style: author, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Weyl, W. A., “Surface structure of water and some of its physical and chemical manifestations,” 
Journal of Colloid Science, 6, 389-405 (1951) 
 Evans, D. C. B., J. F. Nye, and K. J. Cheeseman, “The kinetic friction of ice,” Proceedings of Royal 
Society of London A, 347, 493-512 (1976) 
 Gubler, H., “Strength of bonds between ice grains after short contact times,” Journal of Glaciology, 
28, No. 100, 457-473 (1982) 
 Slotfeldt-Ellingsen, D., and L. Torgersen, “Water in ice: influence on friction,” Journal of Physics D: 
Applied Physics, 16, 1715-1719 (1983) 
 Mendelson, K. S., (letter) “Why is ice so slippery?” American Journal of Physics, 53, No. 5, 393 
(May 1985) 
 Colbeck, S. C., “Of wet snow, slush & snowballs,” Weatherwise, 39, 314-318 (December 1986) 
 Hayes, W., “Premelting,” Contemporary Physics, 27, No. 6, 519-532 (1986) 
 Colbeck, S. C., “The kinetic friction of snow,” Journal of Glaciology, 34, No. 116, 78-86 (1988) 
 Silberman, R., (letter) “Ice-skating and the ice-water equilibrium,” Journal of Chemical Education, 
65, No. 2, 186 (February 1988) 
 Edmiston, M. D., and R. D. Edge, (letters) “Does skating melt ice?” Physics Teacher, 27, 327 (May 
1989) 
 Dash, J. G., “Surface melting,” Contemporary Physics, 30, No. 2, 89-100 (1989) 
 Frenken, J. W. M., “Surface melting,” Endeavour, 14, No. 1, 2-7 (1990) 
 Oxtoby, D. W., “New perspectives on freezing and melting,” Nature, 347, 725-730 (25 October 
1990) 
 de Koning, J. J., G. de Groot, and G. J. van Ingen Schenau, “Ice friction during speed skating,” 
Journal of Biomechanics, 25, No. 6, 565-571 (1992) 
 White, J. D., “The role of surface melting in ice skating,” Physics Teacher, 30, 495-497 (November 
1992) 
 Fowler, A. J., and A. Bejan, “Contact melting during sliding on ice,” International Journal of Heat 
and Mass Transfer, 36, No. 5, 1171-1179 (March 1993) 
 Colbeck, S. C., “Pressure melting and ice skating,” American Journal of Physics, 63, No. 10, 888-
890 (October 1995) 
 Dash, J. G., H. Fu, and J. S. Wettlaufert, “The premelting of ice and its environmental 
consequences,” Reports on Progress in Physics, 58, 115-167 (1995) 
 Kestenbaum, D., “The secret of ice’s slippery character,” New Scientist, 152, 19 (21/28 December 
1996) 
 Knight, C. A., “Surface layers on ice,” Journal of Geophysical Research, 101, No. D8, 12,921-
12,928 (27 May 1996) 
 Baker, M. B., and J. G. Dash, “Comment on ‘Surface layers on ice’ by C. A. Knight,” Journal of 
Geophysical Research, 101, No. D8, 12,929-12,931 (27 May 1996) 



Thermal 34

 Knight, C. A., “Reply,” Journal of Geophysical Research, 101, No. D8, 12,933-12,936 (27 May 1996) 
 Colbeck, S. C., L. Najarian, and H. B. Smith, “Sliding temperatures of ice skates,” American Journal 
of Physics, 65, No. 6, 488-492 (June 1997) 
 Makknonen, L., “Surface melting of ice,” Journal of Physical Chemistry B, 101, 6196-6200 (1997) 
 Dash, J. G., “History of the search for continuous melting,” Reviews of Modern Physics, 71, No. 5, 
1737-1743 (October 1999) 
 Doppenschmidt, A., and H-J. Butt, “Measuring the thickness of the liquid-like layer on ice surfaces 
with atomic force microscopy,” Langmuir, 16, 6709-6714 (2000) 
 Wettlaufer, J. S., and J. G. Dash, “Melting below zero,” Scientific American, 280, 50-53 (February 
2000) 
 Maeda, N., and V. V. Yaminsky, “Experimental observations of surface freezing,” International 
Journal of Modern Physics B, 15, 3055-3077 (2001) 
 Ewing, G. E., “Thin film water,” Journal of Physical Chemistry B, 108, No. 41, 15953-15961 (14 
October 2004) 
 Ladd, B., and M. Follows, (letters) “No-ball snow,” in “The Last Word,” New Scientist, 186, No. 
2490, inside back cover (12 March 2005) 
 Mills, A., “The coefficient of friction, particularly of ice,” Physics Education, 43, No. 4, 392-395 
(July 2008) 
 
Related references 
 Gilpin, R. R., “Wire regelation at low temperatures,” Journal of Colloid and Interface Science, 77, 
No. 2, 435-448 (October 1980) 
 Ettema, R., and J. A. Schaefer, “Experiments on freeze-bonding between ice blocks in floating ice 
rubble,” Journal of Glaciology, 32, No. 112, 397-403 (1986) 
 Chang, R., and J. F. Skinner, “Ice under pressure,” Journal of Chemical Education, 67, No. 9, 789-
790 (September 1990) 
 Houdijk, H., A. J. Wijker, J. J. de Koning, M. F. Bobbert, and G. de Groot, “Ice friction in speed 
skating: can klapskates reduce ice frictional loss?” Medicine & Science in Sports & Exercise, 33, No. 3, 
499-504 (2001) 
 
 
 
4.35  Ice walking 
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  through  indicate level of difficulty 
   Journal reference style: author, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Bruce, M., C. Jones, and D. P. Manning, “Slip-resistance on icy surfaces of shoes, crampons and 
chains---a new machine,” Journal of Occupational Accidents, 7, 273-283 (1986) 
 Gronqvist, R., and M. Hirvonen, “Slipperiness of footwear and mechanism of walking on icy 
surfaces,” International Journal of Industrial Ergonomics, 16, 191-200 (1995) 
 Gao, C., J. Abeysekera, M. Hirvonen, and C. Aschan, “The effect of footwear sole abrasion on the 
coefficient of friction on melting and hard ice,” International Journal of Industrial Ergonomics, 31, 323-
330 (2003) 



Thermal 35

 Gao, C., J. Abeysekera, M. Hirvonen, and R. Gronqvist, “Slip resistant properties of footwear on ice,” 
Ergonomics, 47, No. 6, 710-716 (2004) 
 
Related reference 
 Fathallah, F. A., R. Gronqvist, and J. P. Cotnam, “Estimated slip potential on icy surfaces during 
various methods of exiting commercial tractors, trailers, and trucks,” Safety Science 36, 69-81 (2000) 
 
 
 
4.36   Igloos 
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=Pia4i5sr0o0  video: Building an igloo  
http://www.youtube.com/watch?v=dTB666s8wwY  Video: building an igloo 
http://www.youtube.com/watch?v=83YlR_k542w&mode=related&search= Building an igloo in a 
blizzard, part 1, TV news clips 
http://www.youtube.com/watch?v=j8KdTjf-zcw&mode=related&search= More on the news clips 
http://www.phototour.ca/pop/igloo.htm   Photo 
 
References 
   Dots  through  indicate level of difficulty 
   Journal reference style: author, title, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Cook, J., “Architecture indigenous to extreme climates,” Energy and Buildings, 23, 277-291 (1996) 
 Gonzalez-Espada, J. J., L. A. Bryan, and H-H. Kang, “The intriguing physics inside an igloo,” 
Physics Education, 36, No. 4, 290-292 (July 2001) 
 
 
 
4.37   Snowrollers 
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://surfaquarium.com/eIDITAROD/2003/snowrollers.htm  More good photos 
http://www.enquirer.com/editions/2003/02/13/tem_snowrollers13.html  Photos plus news story 
http://epod.usra.edu/archive/epodviewer.php3?oid=45408  Photo plus description 
http://www.usatoday.com/weather/resources/askjack/wasnow1.htm  Scroll down to the news item and 
photo 
http://www.atmos.uiuc.edu/~jgrim/photos/wx/photos/roller2.jpg  Photo 
http://www.crh.noaa.gov/ilx/events/roller/roller.php NOAA’S National Weather Service, brief 
description plus several really good photos 
http://surfaquarium.com/eIDITAROD/2003/snowrollers.htm  More good photos 
http://www.enquirer.com/editions/2003/02/13/tem_snowrollers13.html  Photos plus new story 
http://epod.usra.edu/archive/epodviewer.php3?oid=45408  Photo plus description 
http://www.usatoday.com/weather/resources/askjack/wasnow1.htm  Scroll down to the news item and 
photo 



Thermal 36

http://www.atmos.uiuc.edu/~jgrim/photos/wx/photos/roller2.jpg  Photo 
 
References 
   Dots  through  indicate level of difficulty 
   Journal reference style: author, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Bridgman, D., (photos) “Snow rollers,” Weather, 24, 103 (1969)  
 Perry, M. J., " Snow Rollers - Lakeburn, N. B., April 5, 1972," Atmosphere, 10, 138-139 (1972) 
 Goldthorpe, P. R., P. J. Taylor, and B. Fox-Holmes, "Snow rollers," Weather, 34, 455-458 (1979) 
 Taylor, P. J., and B. Fox-Holmes, (letter) "Snow rollers at Coningsby," Weather, 35, 342 (1980) 
 Schaefer, D. G., "Snowrollers," Chinook, ??, 6-7 (Fall 1980) 
 Membery, D. A., "Snow rollers," Weather, 36, 16-19 (1981) 
 Tam, F. M., "Snowrollers," Weatherwise, 35, 276-277 (1982) 
 Fox-Holmes, B., (letter) "Snow Rollers," Weather, 38, 59 (1983) 
 Schakenbach, J. T., (letter) “Snowrollers,” Weatherwise, 36, No. 2, 93 (April 1983) 
 Tam, F. M., (letter) “’Gear teeth’ snowrollers,” Weatherwise, 37, No. 2, 62 (1984) 
 Pankratz, A., "Snow rollers," Chinook, ??, 54-55 (Fall 1985) 
 Malcolm, J., (letter) "Snow rollers," Weather, 40, 365, (1985) 
 DeMarbre, J.-Y., (letter) “Snow rollers, Winnipeg, 5 December 1990,” Weather, 46, 327-328 (1991)  
 Schlatter, T., “Snowrollers,” in “Weather Queries,” Weatherwise, 49, 42 (December 1996/January 
1997) 
 
 
4.38   Snow avalanche 
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=6qVwIuznFW0  Video of skier who causes an avalanche, which 
then sweeps down the cameraman 
http://www.youtube.com/watch?v=Z2L_3QlEgiI&mode=related&search=  Video: snowboarder 
triggers an avalanche 
http://www.youtube.com/watch?v=B0RWLxOFGLY&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  through  indicate level of difficulty 
   Journal reference style: author, title, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Lind, D. A., “The physics of snow and avalanche phenomena,” Physics Teacher, 17, 103-114 
(February 1980) 
 Colbeck, S. C., “The layered character of snow covers,” Reviews of Geophysics, 29, No. 1, 81-96 
(February 1991) 
 McClung, D. M., and J. Schweizer, “Skier triggering, snow temperatures and the stability index for 
dry-slab avalanche initiation,” Journal of Glaciology, 45, No. 150, 190-200 (1999) 
 Henson, R., “Avalanche! When the snow comes tumbling down,” Weatherwise, 52, 14-21 
(January/February 1999) 
 Roach, M., “Avalanche!” Discover, 20, No. 12, 88-93 (December 1999) 



Thermal 37

 Schweizer, J., “Review of dry snow slab avalanche release,” Cold Regions Science and Technology, 
30, 43-57 (1999) 
 Schweizer, J., and J. B. Jamieson, “Snow cover properties for skier triggering of avalanches,” Cold 
Regions Science and Technology, 33, 207-221 (2001) 
 Astrom, J. A., and J. Timonen, “Fracture mechanics of snow avalanches,” Physical Review E, 64, 
article # 011305 (4 pages) (2001) 
 Perkins, S., “Avalanche! Scientists are digging out the secrets of lethal flows of snow,” Science News, 
161, 136-137 (2 March 2002) 
 Schweizer, J., J. B. Jamieson, and M. Schneebeli, “Snow avalanche formation,” Reviews of 
Geophysics, 41, No. 4, article number 1016 (15 November 2003) 
 Wolman, D., “Charge of the ice brigade,” New Scientist, 180, 44-46 (20/27 December 2003/3 January 
2004) 
 
Related references 
 Falk, M., H. Brugger, and L. Adler-Kastner, “Avalanche survival chances,” Nature, 368, 21 (3 March 
1994) 
 Burtscher, M., “Avalanche survival chances,” Nature, 371, No. 6497, 482 (6 October 1994) 
 Radwin, M. I., C. K. Grissom, “Technological advances in avalanche survival,” Wilderness and 
Environmental Medicine, 13, No. 2, 143-152 (summer 2002) 
    
 
 
4.39   Patterns formed by melting snow 
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  through  indicate level of difficulty 
   Journal reference style: author, title, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Mehrotra, R., and D. Kumar, “Patterns in melting snow and vapor deposited layers,” Physical 
Review Letters, 92, No. 25, article # 254502 (4 pages) (25 June 2004) 
 
 
 
4.40   Salting icy sidewalks 
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  through  indicate level of difficulty 
   Journal reference style: author, title, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Walker, J., "The physics of grandmother's peerless homemade ice cream," in "The Amateur 
Scientist," Scientific American, 250, No. 4, 150-153 (April 1984) 



Thermal 38

 Franzen, H. F., “The freezing point depression law in physical chemistry. Is it time for a change?” 
Journal of Chemical Education, 65, No. 12, 1077-1078 (December 1988) 
 Ball, J., R. C. Cooke, and G. Willis, “Teaching freezing point lowering,” Journal of Chemical 
Education, 67, No. 8, 676-677 (August 1990) 
 Bohren, C., “Melting with salt and heating with ice,” in “Simple Experiments in Atmospheric 
Physics,” Weatherwise, 46, No. 6, 46-48 (December 1993/January 1994) 
 Herrmann, F., “Answer to Question #56. Ice cream making,” American Journal of Physics, 65, No. 
12, 1135-1136 (December 1997) 
 Mitschele, J., “Answer to Question #56. Ice cream making,” American Journal of Physics, 65, No. 12, 
1136 (December 1997) 
 
 
 
 
4.41   Homemade ice cream 
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=l9c5rmDQ9DE&mode=related&search=   Video 
http://www.country-freezer.com/cf_20.JPG   Photo 
 
References 
   Dots  through  indicate level of difficulty 
   Journal reference style: author, title, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Martino, J., "Ice cream: delicious chemistry," Journal of Chemical Education, 60, 1004 (1983) 
 Walker, J., "The physics of Grandmother's peerless homemade ice cream," in "The Amateur 
Scientist," Scientific American, 250, No. 4, 150-153 (April 1984) 
 Rathjen, D., "The sweet taste of science," Exploratorium Quarterly, 13, 16 (summer 1989) 
 Ball, J., R. C. Cooke, and G. Willis, “Teaching freezing point lowering,” Journal of Chemical 
Education, 67, No. 8, 676-677 (August 1990) 
 Donhowe, D. P., R. W. Hartel, and R. L. Bradley Jr., “Determination of ice crystal size distributions 
in frozen desserts,” Journal of Dairy Science, 74, 3334-3344 (1991) 
 Gibbon, D. L., K. Kennedy, N. Reading, and M. Quieroz, “The thermodynamics of home-made ice 
cream,” Journal of Chemical Education, 69, No. 8, 658-661 (August 1992) 
 Bohren, C., “Melting with salt and heating with ice,” in “Simple Experiments in Atmospheric 
Physics,” Weatherwise, 46, No. 6, 46-48 (December 1993/January 1994) 
 Kurti, N., and H. This-Benckhard, “Chemistry and physics in the kitchen,” Scientific American, 270, 
No. 4, 66-71 (April 1994) 
 Funderburg, A., “The inside scoop,” Invention & Technology, 11, No. 3, 44-49 (Winter 1996) 
 Donhowe, D. P., and R. W. Hartel, “Recrystallization of ice during bulk storage of ice cream,” 
International Dairy Journal, 6, 1209-1221 (1996) 
 Hagiwara, T., and R. W. Hartel, “Effect of sweetener, stabilizer, and storage temperature on ice 
recrystallization in ice cream,” Journal of Dairy Science, 79, 735-744 (1996) 
 Donhowe, D. P., and R. W. Hartel, “Recrystallization of ice in ice cream during controlled 
accelerated storage,” International Dairy Journal, 6, 1191-1208 (1996) 
 Hartel, R. W., “Ice crystallization during the manufacture of ice cream,” Trends in Food Science & 
Technology, 7, 315-321 (October 1996) 



Thermal 39

 Herrmann, F., “Answer to Question #56. Ice cream making,” American Journal of Physics, 65, No. 
12, 1135-1136 (December 1997) 
 Mitschele, J., “Answer to Question #56. Ice cream making,” American Journal of Physics, 65, No. 12, 
1136 (December 1997) 
 Goff, H. Douglas, “Colloidal aspects of ice cream---A review,” Internal Dairy Journal, 7, 363-373 
(1997) 
 Goff, H. D., “Instability and partial coalescence in whippable dairy emulsions,” Journal of Dairy 
Science, 80, 2620-2630 (1997)  
 Dubey, U. K., and C. H. White, “Ice cream shrinkage: a problem for the ice cream industry,” Journal 
of Dairy Science, 80, 3439-3444 (1997) 
 Goff, H. D., “controlling ice-cream structure by examining fat: protein interactions,” Australian 
Journal of Diary Techology, 55, No. 2, 78-81 (June 2000) 
 Ablett, S., C. J. Clarke, M. J. Izzard, and D. R. Martin, “Relationship between ice recrystallisation 
rates and the glass transition in frozen sugar solutions,” Journal of the Science of Food and Agriculture, 
82, 1855-1859 (2002) 
 Clarke, C., “The physics of ice cream,” Physics Education, 38, No. 43, 248-253 (2003) 
 Cogne, c., P. Laurent, J. Andrieu, and J. Ferrand, “Experimental data and modelling of ice cream 
freezing,” Chemical Engineering Research & Design, Transactions IChemE, 81, A9, 1129-1135 
(October 2003) 
 Caillet, A., C. Cogne, J. Andrieu, P. Laurent, and A. Rivoire, “Characterization of ice cream 
structure by direct optical microscopy. Influence of freezing parameters,” Lebensmittel-Wissenschaft 
und Technologie. Food Science and Technology, 36, 743-749 (2003) 
 Marschall, R. T., and D. Goff, “Formulating and manufacturing ice cream and other frozen desserts,” 
Food Technology, 57, No. 5, 32-45 (May 2003) 
 Cailliau, R., L. Wallace, T. Jackson, S. Scarle, and R. Hancock, (letters) “Ice makers,” in “The Last 
Word,” New Scientist, 183, 2458, inside back cover (31 July 2004); available at NewScientist.com 
under “freezing” 
 McGee, H., On Food and Cooking. The Science and Lore of the Kitchen, revised, Scribner, 2004, 
pages 39-44 
 Clarke C., The Science of Ice Cream, Royal Society of Chemistry, 2004 
 Pronk, P., T. M. Hansen, C. A. Infante Ferreira, and G. J. Witkamp, “Time-dependent behavior of 
different ice slurries during storage,” 28, 27-36 (2005) 
 
Related references 
 Kerr, W. L., and D. S. Reid, “Thermodynamics and frozen foods,” Physics Teacher, 31, 52-55 
(January 1993) 
 Pronk, P., T. M. Hansen, C. A. I. Ferreira, and G. J. Witkamp, “Time-dependent behavior of 
different ice slurries during storage,” International Journal of Refrigeration, 28, 27-36 (2005) 
 
 
 
4.42   Drinking hot coffee, eating hot pizza 
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  through  indicate level of difficulty 
   Journal reference style: author, title, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 



Thermal 40

 Nahlieli, O., E. Eliav, Y. Shapira, and A. M. Baruchin, “Central palatal burns associated with the 
eating of microwaved pizzas,” Burns, 25, 465-466 (1999) 
 Lee, Y-S., E. Carstens, and M. O’Mahony, “Drinking hot coffee: why doesn’t it burn the mouth?” 
Journal of Sensory Studies, 18, No. 1, 19-32 (March 2003) 
 
 
 
4.43   Boiling 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  through  indicate level of difficulty 
   Journal reference style: author, title, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Aitken, J., “On boiling, condensing, freezing, and melting,” Transactions of the Royal Scottish 
Society of Arts, 9, ?? (1874-1875), reprinted in Collected Scientific Papers of John Aitken, Cambridge 
University Press, 1923, pages 7-17 
 Rohsenow, W. M., “Boiling,” Annual Review of Fluid Mechanics, 3, 211-236 (1971) 
 Walker, J., “What happens when water boils is lot more complicated than you might think,” in “The 
Amateur Scientist,” Scientific American, 247, No. 6, 162-171 + 178 (December 1982) 
 Walker, J., (essay) "Boiling and the Leidenfrost effect," in Fundamentals of Physics, 3rd edition, by 
D. Halliday and R. Resnick, John Wiley & Sons, 1988, pages E10-1 through E10-6 
 Bohren, C., “Boil and bubble, toil and trouble,” in “Simple Experiments in Atmospheric Physics,” 
Weatherwise, 42, 104-108 (April 1989) 
 Aljishi, S., and J. Tatarkiewicz, “Why does heating water in a kettle produce sound,” American 
Journal of Physics, 59, No. 7, 628-632 (July 1991) 
 Zahn, D., “How does water boil?” Physical Review Letters, 93, article # 227801 (2004) 
 
Related references 
 Winterton, R. H. S., “Nucleation of boiling and cavitation,” Journal of Physics D: Applied Physics, 
10, 2041-2056 (1977) 
 Mahoney, J., “Heating water: to cover or not to cover?” Physics Teacher, 17, No. 4, 259 (April 1979) 
 Gallagher, J. P., and R. H. S. Winterton, “Confirmation of the pressure history theory of boiling 
nucleation,” Journal of Physics D: Applied Physics, 18, 843-859 (1985) 
 Zablotskii, V. A., Y. A. Mamalui, and T. A. Polyakova, “Bubbles and vortices in boiling water,” 
European Journal of Physics, 14, 189-190 (1993) 
 
 
 
 
4.44   Boiling an egg 
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  through  indicate level of difficulty 
   Journal reference style: author, title, journal, volume, pages (date) 



Thermal 41

   Book reference style: author, title, publisher, date, pages 
 Trotman-Dickerson, A. F., “High altitude egg-boiling,” Journal of Chemical Education, 45, No. 9, 
557 (September 1968) 
 Rund, J. V., and A. O. Long, (letters) “The hard-boiled controversy,” Journal of Chemical Education, 
46, No. 12, 879 (December 1969)  
 Gatz, C. R., (letter) “Egg boiling,” Journal of Chemical Education, 46, No. 8, 534-535 (August 1969) 
 Dwek, R. A., and G. Navon, (letter) “On boiling an egg,” Nature, 240, 491 (22 December 1972) 
 Plassman, E. H., (letter) “On boiling an egg,” Nature, 242, 258 (23 March 1973) 
 Grosser, A. E., “The culinary alchemy of eggs,” American Scientist, 71, 129-131 (March-April 1983) 
 Schlotzhauer Jr., W., and A. E. Grosser, (letters) “Egg alchemy,” American Scientist, 71, 345-346 
(July-August 1983) 
 Negret, J. P., “Boiling water and the height of mountains,” Physics Teacher, 24, No. 5, 290-292 
(May 1986) 
 Bohren, C., “Boil and bubble, toil and trouble,” in “Simple Experiments in Atmospheric Physics,” 
Weatherwise, 42, 104-108 (April 1989) 
 Kurti, N., and H. This-Benckhard, “Chemistry and physics in the kitchen,” Scientific American, 270, 
No. 4, 66-71 (April 1994) 
 Roura, P., J. Fort, and J. Saurina, “How long does it take to boil an egg? A simple approach to the 
energy transfer equation,” European Journal of Physics, 21, 95-100 (2000) 
 McGee, H., On Food and Cooking. The Science and Lore of the Kitchen, revised, Scribner, 2004, 
pages 87-89 
 Buay, D., S. K. Foong, D.Kiang, L. Kuppan, and V. H. Liew, “How long does it take to boil an 
egg? Revisited,” European Journal of Physics, 27, 119-131 (2006)  
 
 
Related references 
 Frost, D. L., “Dynamics of explosive boiling of a droplet,” Physics of Fluids, 31, No. 9, 2554-2561 
(September 1988) 
 Bressani, R., and C. Chon, “Effects of altitude above sea level on the cooking time and nutritional 
value of common beans,” Plant Foods for Human Nutrition, 49, 53-61 (January 1996) 
 
 
 
4.45   Cooking in a stove or over flames 
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  through  indicate level of difficulty 
   Journal reference style: author, title, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Klamkin, M. S., “On cooking a roast,” SIAM Review, 3, No. 2, 167-169 (April 1961) 
 Kurti, N., “The physicist in the kitchen,” Proceedings of the Royal Institution of Great Britain, 42, 
451-467 (1969) 
 Plumb, R. C., and A. Davis, “Cooking succulent roasts,” in “Chemical Principles Exemplified,” 
Journal of Chemical Education, 50, No. 6, 425 (June 1973) 
 Bengtsson, N. E., B. Jakobsson, and M. Dagerskog, “Cooking of beef by oven roasting: a study of 
heat and mass transfer,” Journal of Food Science, 41, 1047-1053 (1976) 



Thermal 42

 Kamman, M., The Making of a Cook, Atheneum, 1978 
 Ruebush, J., and R. Fisk, “Cooking a turkey,” Mathematics Magazine, 53, No. 4, 237-239 
(September 1980) 
 Gorsser, A. E., The Cookbook Decoder, or Culinary Alchemy Explained, Beufort Books, 1981 
 McGee, H., On Food and Cooking: The Science and Lore of the Kitchen, Charles Scribner’s Sons, 
pages 608-624 (1984) 
 Cox, G., “Some like it hot. . .” Physics Bulletin, 38, 444 (1987)  
 Townsend, M. A., S. Gupta, and W. H. Pitts, “Optimal roasting,” Journal of Food Process 
Engineering, 11, 117-145 (1989)   
 Townsend, M. A., S. Gupta, and W. H. Pitts, “The roast: nonlinear modeling and simulation,” 
Journal of Food Process Engineering, 11, 17-42 (1989) 
 Barham, P., “Talking turkey,” New Scientist, 128, 18-20 (22/29 December 1990) 
 Fowler, A. J., and A. Bejan, “The effect of shrinkage on the cooking of meat,” International Journal 
of Heat and Fluid Flow,” 12, No. 4, 375-383 (December 1991) 
 Kurti, N., and H. This-Benckhard, “Chemistry and physics in the kitchen,” Scientific American, 270, 
No. 4, 66-71 (April 1994) 
 Chang, H. C., J. A. Carpenter, and R. T. Toledo, “Modeling heat transfer during oven roasting of 
unstuffed turkeys,” Journal of Food Science, 63, No. 2, 257-261 (1998) 
 Chang, H. C., J. A. Carpenter, and R. T. Toledo, “Temperature histories at critical points 
recommended cooking time for whole turkeys baked in a conventional oven,” Journal of Food Science, 
63, No. 2, 262-266 (March-April 1998) 
 McGee, H., J. McInerney, and A. Harrus, “The virtual cook: modeling heat transfer in the kitchen,” 
Physics Today, 52, No. 11, 30-36 (November 1999) 
 Obuz, E., T. H. Powell, and M. E. Dikeman, “Simulation of cooking cylindrical beef roasts,” 
Levensmittel-Wissenschaft und Technologie, 35, No. 8, 637-644 (2002) 
 Tran, N. L., C. P. Salmon, M. G. Knize, and M. E. Colvin, “Experimental and simulation studies of 
heat flow and heterocyclic amine mutagen/carcinogen formation in pan-fried meat patties,” Food and 
Chemical Toxicologyk, 40, 673-684 (2002) 
 Obuz, E., M. E. Dikeman, L. E. Erickson, M. C. Hunt, and T. J. Herald, “Predicting temperature 
profiles to determine degree of doneness for beef biceps femoris and longissimus lumborum steaks,” 
Meat Science, 67, 101-105 (2004) 
 McGee, H., On Food and Cooking. The Science and Lore of the Kitchen, revised, Scribner, 2004, 
page 147-165 
 
Related references 
 Walker, J., "Gismos that apply non-obvious physical principles to the enjoyment of cooking," in "The 
Amateur Scientist," Scientific American, 250, 146-153 + 154 (June 1984) 
 Walker, J., “Cooking outdoors with simple equipment demonstrates aspects of thermal physics,” 
Scientific American, 253, No. 2, 114-118 (August 1985) 
 Wandsnider, L., “The roasted and the boiled: food composition and heat treatment with special 
emphasis on pit-hearth cooking,” Journal of Anthropological Archaeology, 16, 1-48 (1997)  
 
 
 
4.46  Campfire cooking 
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.  
 



Thermal 43

http://www.kickassbbq.com/chimney.jpg  Photo 
http://www.campfiredude.com/campfire-cooking.shtml  Photos plus descriptions 
 
 
References 
   Dots  through  indicate level of difficulty 
   Journal reference style: author, title, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Thomas, D., Roughing It Easy, Warner Books, 1975 
 Thomas, D., Roughing It Easy 2, Warner Books, 1977 
 Bosell, J., The U.S. Armed Forces Survival Manual, Rason, Wade Publishers, Inc., 1980 
 Brown, T., Jr., and B. Morgan, Tom Brown’s Field Guide to Wilderness Survival, Berkley Books, 
Chapter 7, ISBN 0425077020 
 Walker, J., "Cooking outdoors with simple equipment demonstrates aspects of thermal physics," in 
“The Amateur Scientist,” Scientific American, 253, No. 2, 114-118 + 120 (August 1985) 
 
Related references 
 Ficken, G. W., Jr., “Convection-driven roasting spits,” Physics Teacher, 29, 386 (September 1991) 
 Kammen, D. M., “Cookstoves for the developing world,” Scientific American, 273, 72-75 (July 1995) 
 Wandsnider, L., “The roasted and the boiled: food composition and heat treatment with special 
emphasis on pit-hearth cooking,” Journal of Anthropological Archaeology, 16, 1-48 (1997)  
 
 
 
4.47  Cooking pizza 
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  through  indicate level of difficulty 
   Journal reference style: author, title, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Rudan, M. A., and D. M. Barbano, “A model of mozzarella cheese melting and browning during pizza 
baking,” Journal of Dairy Science, 81, No. 8, 2312-2318 (August 1998) 
 Dumas, C., and G. S. Mittal, “Heat and mass transfer properties of pizza during baking,” 
International Journal of Food Properties, 5, No. 1, 161-177 (2002) 
 
 
 
4.48  Heating in a microwave oven 
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=nkM8XpY3ItA&feature=related  Adding powder to water that has 
been superheated in a microwave oven  
 
References 



Thermal 44

   Dots  through  indicate level of difficulty 
   Journal reference style: author, title, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Perlman, A., “Hazards of a microwave oven,” New England Journal of Medicine, 302, No. 17, 970-
971 (24 April 1980) 
 Washisu, S., and I. Fukai, “A simple method for indicating the electric field distribution in a 
microwave oven,” Journal of Microwave Power, 15, No. 1, 59-61 (1980)  
 Watkins, K. W., “Heating in microwave ovens. An example of dipole moments in action,” Journal of 
Chemical Education, 60, No. 12, 1043-1044 (December 1983) 
 Apfel, R. E., and R. L. Day, (letter) “Initiating boiling with ice,” Nature, 321, 657 (12 June 1986) 
 Parsons, A., (letter) “Espresso coffee emporia take note,” Nature, 322, 316 (24 July 1986) 
 Walker, J., “The secret of a microwave oven's rapid cooking action is disclosed,” in “The Amateur 
Scientist,” Scientific American, 256, No. 2, 134-138 (February 1987) 
 Lin, Y. E., and R. C. Anantheswaran, “Studies on popping of popcorn in a microwave oven,” Journal 
of Food Science, 53, No. 6, 1746-1749 (November-December 1988) 
 Davis, J., (letter) “Storm in a teacup,” New Scientist, 121, 72 (14 January 1989) 
 Steyn-Ross, A., and A. Riddell, “Standing waves in a microwave oven,” Physics Teacher, 28, 474-
475 (October 1990) 
 Bowden, P., “Cook it and see,” New Scientist, 125, 69 (17 March 1990) 
 Andereck, B. S., (letter) “Microwave hot spots,” Physics Teacher, 28, 580 (December 1990) 
 Newman, S. B., (letter, with reply by C. Bohren) “Foamy coffee,” Weatherwise, 43, 182 + 235 
(August 1990) 
 Singh, J., P. Shah, G. A. Sutton, (letter) “Exploding eggs,” New England Journal of Medicine, 325, 
No. 24, 1749 (12 December 1991) 
 Bradford, G. E., and R. A. Burstine, (letter) “Exploding eggs,” New England Journal of Medicine, 
325, No. 24, 1749 (12 December 1991) 
 Ng, K.-H., “Microwave ovens: mapping the electrical field distribution,” Medical Laboratory 
Sciences, 48, No. 3, 189-192 (July 1991) 
 Corridan, P., J. Hsuan, N. J. Price, and P. J. McDonnell, “Exploding microwaved eggs,” British 
Medical Journal, 304, No. 6833, 1053 (18 April 1992) 
 Mounsey, G., (letter) “Exploding eggs,” New Scientist, 133, 62 (1 February 1992) 
 DeMatteo, M. P., and M. P. Vrabec, (letter) “Intraocular trauma from a microwave oven,” American 
Journal of Ophthalmology, 114, No. 1, 99-100 (July 1992) 
 Jason, A. C., and D. H. Tomlin, (letter), “Something’s cookin’,” Physics World, 6, 13-14 (February 
1993) 
 Halliday, D., R. Resnick, and J. Walker, Fundamentals of Physics, 4th edition, 1993, pages 670-671; 
5th edition, 1997, page 570 
 Fu, Y. C., C. H. Tong, and D. B. Lund, “Microwave bumping: quantifying explosions in foods during 
microwave heating,” Journal of Food Science, 59, No. 4, 899-904 (1994) 
 Kurti, N., and H. This-Benckhard, “Chemistry and physics in the kitchen,” Scientific American, 270, 
No. 4, 66-71 (April 1994) 
 Ford, G. R., and C. L. Horrocks, “Hazard of microwave cooking: direct thermal damage to the 
pharynx and larynx,” Journal of Laryngology and Otology, 108, No. 6, 509-510 (June 1994) 
 Bucheit, F., “Hot spots in the morning,” Physics Teacher, 32, 199 (April 1994) 
 Shukla, P. C., “Ocular burn from microwaved egg,” Pediatric Emergency Care, 10, No. 4, 229-230 
(August 1994) 
 Bohren, C. F., “Answer to Question #46 [“How does the microwave oven really work?,” Clifford 
Swartz, Am. J. Phys. 64 (7), 839 (1996)],” American Journal of Physics, 65, No. 1, 12 (January 1997) 



Thermal 45

 Peyre, F., A. Datta, and C. Seyler, “Influence of the dielectric property on microwave oven heating 
patterns: application to food materials,” Journal of Microwave Power and Electromagnetic Energy, 32, 
No. 1, 3-15 (1997) 
 Yook, R. T., P. M. Rivera, J. P. Campbell, and S. I. Butrus, (letter) “Corneal injury from explosion of 
microwaves eggs,” American Journal of Ophthalmology, 125, No. 3, 390-392 (March 1998) 
 Godwin, Y., (letter) “Egg on your face,” Burns, 24, 584-586 (1998) 
 Viiri, J., “Temperature distribution in a microwave oven,” Physics Teacher, 36, 48 (January 1998) 
 Nahlieli, O., E. Eliav, Y. Shapira, and A. M. Baruchin, “Central paplatal burns associated with the 
eating of microwaved pizzas,” Burns, 25, 465-466 (1999) 
 Wolf, Y., N. Adler, and D. J. Hauben, “Exploding microwaved eggs---revistied,” Burns, 27, 853-855 
(2001) 
 Fung, A. E., and K. W. Oxford, “Microwave-superheated Vics Vapo-Rub: an ocular public health 
danger,” American Journal of Opththalmology, 137, No. 2, 379-380 (February 2004) 
 Gagnon, M. R., and K. A. Walter, “Ocular surface injury from a microwave superheated liquid,” 
Cornea, 23, No. 2, 204-206 (March 2004) 
 Gianino, C., “A lesson in the physics laboratory on the superheating of water,” American Journal of 
Physics, 75, No. 6, 496-498 (June 2007) 
 Kamol, S., P. Limsuwan, and W. Onreabroy, “Three-dimensional standing waves in a microwave 
oven,” American Journal of Physics, 78, No. 5, 492-495 (May 2010) 
 
 
Related reference 
 Routhier, P., A. H. Matlin, and R. E. Ishman, (letter) “Eye injury from microwave popcorn,” New 
England Journal of Medicine, 315, No. 21, 1359 (20 November 1986) 
 
 
 
4.49  Popping popcorn 
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  through  indicate level of difficulty 
   Journal reference style: author, title, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Hoseney, R. C., K. Zeleznak, and A. Abdelrahman, “Mechanism of popping popcorn,” Journal of 
Cereal Science, 1, 43-52 (1983) 
 Lin, Y. E., and R. C. Anantheswaran, “Studies on popping of popcorn in a microwave oven,” Journal 
of Food Science, 53, No. 6, 1746-1749 (November-December 1988) 
 Pordesimo, L. O., R. C. Anatheswaran, A. M. Fleischmann, Y. E. Lin, and M. A. Hanna, “Physical 
properties as indicators of popping characteristics of microwave popcorn,” Journal of Food Science, 55, 
No. 5, 1352-1355 (September-October 1990)  
 Hunt, R. G., “The physics of popping popcorn,” Physics Teacher, 29, 230-235 (April 1991) 
 Mohamed, A. A., R. B. Ashman, and A. W. Kirleis, “Pericarp thickness and other kernel physical 
characteristics relate to microwave popping quality of popcorn,” Journal of Food Science, 58, No. 2, 
342-346 (March-April 1993) 
 Da Silva, W. J., B. C. Vidal, M. E. Q. Martins, H. Vargas, A. C. Pereira, M. Zerbetto, and L. C. M. 
Miranda, “What makes popcorn pop,” Nature, 362, No. 6419, 417 (1 April 1993) 



Thermal 46

 Singh, J., and N. Singh, “Effects of different ingredients and microwave power on popping 
characteristics of popcorn,” Journal of Food Engineering, 42, 161-165 (1999)  
 Hong, D. C., and J. A. Both, “Controlling the size of popcorn,” Physica A, 289, 557-560 (2001) 
 Shimoni, E., E. M. Dirks, and T. P. Labuza, “The relation between final popped volume of popcorn 
and thermal-physical parameters,” Lebensmittel-Wissenschaft und Technologie, 35, 93-98 (2002) 
 Gokmen, S., “Effects of moisture content and popping method on popping characteristics of popcorn,’ 
Journal of Food Engineering, 65, 357-362 (2004) 
 Ceylan, M. and E. Karababa, “The effects of ingredients on popcorn popping characteristics,” 
International Journal of Food Science and Technology, 39, 361-370 (2004) 
 McGee, H., On Food and Cooking. The Science and Lore of the Kitchen, revised, Scribner, 2004, 
pages 479-480 
 Byrd, J. E., and M. J. Perona, “Kinetics of popping of popcorn,” Cereal Chemistry, 82, No. 1, 53-59 
(January-February 2005) 
 Tandjung, A. S., S. Janaswamy, R. Chandrasekaran, A. Aboubacar, and B. R. Hamaker, “Role of the 
pericarp cellulose matrix as a moisture barrier in microwaveable popcorn,” Biomacromolecules, 6, 
1654-1660 (2005) 
 
Related references 
 Allen, T. J., and J. S. Huebner, “Popping corn in a vacuum,” Physics Teacher, 14, 168-169 (March 
1978) 
 Parker, M. L., A. Grant, N. M. Rigby, P. S. Belton, and J. R. N. Taylor, “Effects of popping on the 
endosperm cell walls of sorghum and maize,” Journal of Cereal Science, 30, 209-216 (1999) 
 Allred-Coyle, T. A., R. B. Toma, W. Reiboldt, and M. Thakur, “Effects of bag capacity, storage time 
and temperature, and salt on the expansion volume of microwave popcorn,” Journal of the Science of 
Food and Agriculture, 81, 121-125 (2000) 
 Ceylan, M., and E. Karababa, “Comparison of sensory properties of popcorn from various types and 
sizes of kernel,” Journal of the Science of Food and Agriculture, 82, 127-133 (2001) 
 Glenn, G. M., and W. J. Orts, “Properties of starch-based foam formed by compression/explosion 
processing,” Industrial Crops and Products, 13, 135-143 (2001) 
 Williams, G., “Popping corn packs a punch: but how do you measure the force?” Physics Education, 
39, 28-30 (January 2004)  
 
 
 
4.50  Cooking scrambled eggs 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, 
published by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.  
    The material here is located at www.flyingcircusofphysics.com and will be updated periodically.  
 
http://www.youtube.com/watch?v=C1SM73Qi1BQ  Instruction video. Note the rule about not using 
salt before the eggs cook. 
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4.51  Geysers and coffee percolators 
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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4.52   Toy putt-putt boat 
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=boqUUPMT6Gc  Video 
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http://www.youtube.com/watch?v=pHf2Ujl3s0c   Video 
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move 
http://www.sciencetoymaker.org/boat/index.htm  descriptions plus a button to see boats built by lots of 
people, a button to see patents, and other buttons 
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4.53    Thermal effects on lengths 
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.upscale.utoronto.ca/IYearLab/Intros/ThermalExpans/Images/Train1.gif  Old newspaper 
photo of railway tracks that have buckled by thermal expansion 
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4.54   Collapse of railroad storage tank 
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.aol.com/video-detail/railroad-tank-car-implosion/108399741 video, a railroad tanker car 
http://www.youtube.com/watch?v=E_hci9vrvfw&feature=related same video 
http://blog.onlinemetals.com/?tag=rail-car-implosion  photos of accident 
http://mattson.creighton.edu/BarometricPressure/Tankerview1.jpg  Photo of the crushed tanker car 
http://www.delta.edu/slime/cancrush.html   Another photo 
http://www.youtube.com/watch?v=Uy-SN5j1ogk&feature=related barrel heated, sealed, and then 
floated in water to cool 
http://www.youtube.com/watch?v=GgRjPDkPkzs&feature=related  high-seed video of can being 
crushed by air pressure 
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Sumner Miller 
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with water. 
http://www.youtube.com/watch?v=r2yUcnnQX1Q&NR=1  University of Minnesota physics 
demonstration 
http://www.youtube.com/watch?v=_yRBb8k1ScI&feature=related Rhodes College, barrel crush and a 
bit of football chanting 
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4.55  Drying of hanging laundry 
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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4.56   Warm coats 
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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4.57   Warm plants 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, 
published by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.  
    The material here is located at www.flyingcircusofphysics.com and will be updated periodically.  
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http://biolessondeblog.blogspot.com/2007/01/interesting-fact.html  The blog spot that contains that 
photo. 
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4.58   Polar-bear hairs 
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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4.59   Black robes and black sheep in the desert 
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.wonderquest.com/black-robes.htm  News item plus photo 
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4.60  Cooling rate of a cup of coffee 
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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4.68   Mud cracks 
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4.87   The foehn and the chinook 
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4.88  The boiling water ordeal 
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4.89   Energy in a heated room 
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