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Chapter 6 
Splashing colors everywhere, like a rainbow 
(optics) 
 
 
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=42  

                       
Jan 2015 

 
6.1  Rainbows 
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 and discussions 
http://www.atoptics.co.uk/ Many photos and explanations of atmospheric optics 
http://atmospherical.blogspot.com/search?updated-min=2006-01-01T00%3A00%3A00Z&updated-
max=2007-01-01T00%3A00%3A00Z&max-results=50   Blog devoted to photos of atmospheric phenomena  
http://atmospherical.blogspot.com   Way cool blog site with lots of photos and descriptions. Go through the 
archived blogs by clicking on the button at the bottom of the page. The blog started in April 2006.  
 
Videos: 
http://www.youtube.com/watch?v=z3iOjTqFGWY&mode=related&search=  Double rainbows plus 
lightning 
http://www.youtube.com/watch?v=ZmVuO-qQOn8   Primary rainbow plus faint secondary bow 
http://www.youtube.com/watch?v=cylV9Lp9fuM&mode=related&search=  Double rainbow 
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 Gedzelman, S. D., “Atmospheric optics in art,” Applied Optics, 30, No. 24, 3514-3522 + Plates 23-34 (20 
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6.2  Strange rainbows 
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.atoptics.co.uk/ Many photos and explanations of atmospheric optics 
http://atmospherical.blogspot.com/search?updated-min=2006-01-01T00%3A00%3A00Z&updated-
max=2007-01-01T00%3A00%3A00Z&max-results=50   Blog devoted to photos of atmospheric phenomena  
http://atmospherical.blogspot.com   Way cool blog site with lots of photos and descriptions. Go through the 
archived blogs by clicking on the button at the bottom of the page. The blog started in April 2006. Find the 
entry for March 8, 2007 for a photograph of a reflected rainbow. 
 
Moonbow photos and descriptions: 
http://uweb.txstate.edu/~do01/  Don Olson site 
http://thruthefinder.com/picture.php?gallery=naturescapes&index=51  Jia Liu photo 
http://thruthefinder.com/picture.php?gallery=naturescapes&index=42 Another Jia Liu photo 
http://epod.usra.edu/archive/epodviewer.php3?oid=236096 
http://www.artfromthesoul.com/MoonbowEnlarged.html  
http://www.space.com/amazingimages/cte.php?guid=42a4cbf00b3357.80262580&cat=s  
http://www.livescience.com/amazingimages/cte.php?guid=4327d8849febc7.44778899&cat=l  
http://grreed.home.texas.net/FamilyStuff/ERNR/Page3.htm  
http://starmatt.com/gallery/astro/moonbow.html  
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http://content.answers.com/main/content/wp/en/thumb/f/f6/300px-LunarRainbowVicFalls_small.jpg  
http://www.bekkoame.ne.jp/i/lummox/OtherPhenomenon/Pics/moonbow-name-m.JPG  
http://www.flickr.com/photos/redlantern/263950357/  
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6.3  Artificial rainbows 
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    The material here is located at www.flyingcircusofphysics.com and will be updated periodically.  
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6.4  The daytime sky is not dark 
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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6.5  Colors of the sky 
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6.6  Blue mountains, white mountains, and red clouds 
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http://www.star.le.ac.uk/~dbl/cfdsdisk/cfdsdisk/Skybeams/  Photos. See the third and fourth images for the 
University of Kent Canterbury 
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 Hulburt, E. O., "Optics of searchlight illumination," Journal of the Optical Society of America, 36, 483-
491 (1946) 
 Minnaert, M., Light and Colour in the Open Air, Dover, 1954, pages 262-263 
 
 
 
6.23  Short story: Newgrange winter-solstice sunbeam 
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=ywLrT8b6tY4  Light from the rising sun at the winter solstice penetrates 
the passage to the central chamber. 
http://www.youtube.com/watch?v=DbKkwCx5zyM&mode=related&search=   Video montage 
 
Photos 
http://www.travelsinireland.com/ireland/newgrang.htm  Photos and information of Newgrange 
http://www.global-vision.org/ireland/stones/index.html   Photos, including the beam inside Newgrange 
http://ca.geocities.com/merlino2k/ More photos 
http://web.mit.edu/planning/www/mithenge.html   Photos and discussion of the sunbeam stream along the 
“infinite corridor” of MIT 
http://futureboy.us/mithenge/  Discussion and calculation results for the MIT observations 
http://www.boston.com/news/local/massachusetts/articles/2007/02/04/yow_its_a_geeky_eureka_as_miters_s
ee_the_light/   Boston Globe account of the MIT observations 
http://docbug.com/blog/archives/268/mithenge-yourst.jpg  Photo of MIT observation 
http://upload.wikimedia.org/wikipedia/en/thumb/9/94/MIThenge.jpg/180px-MIThenge.jpg  Another photo 
http://www-tech.mit.edu/V124/N53/12mithengebriand.53p.html  Nice photo of the MIT observation 
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 Goldman, S. J., “Sun worship in Cambridge. Architectural researchers at MIT found a solar alignment that 
has enjoyed decades of popularity,” Sky & Telescope, 106, No. 5, 62-64 (November 2003) 
 
 
 
6.24  The green flash 
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://zapatopi.net/kelvin/papers/blue_ray_of_sunrise.html  Lord Kelvin’s observation of the blue flash 
http://www.intersoft.it/galaxlux/GreenFlashGallery.htm  Many photos of flashes of various colors, also of 
sun distortions 
http://www.atoptics.co.uk/ Many photos and explanations of atmospheric optics 
http://mintaka.sdsu.edu/GF/pictures.html  Contains many links to photos of the green flash 
http://atmospherical.blogspot.com   Way cool blog site with lots of photos and descriptions. Go through the 
archived blogs by clicking on the button at the bottom of the page. The blog started in April 2006. 
http://www.exo.net/~pauld/physics/atmospheric_optics/green_flash.html  
http://virtual.finland.fi/netcomm/news/showarticle.asp?intNWSAID=26137  
http://atmospherical.blogspot.com/search?updated-min=2006-01-01T00%3A00%3A00Z&updated-
max=2007-01-01T00%3A00%3A00Z&max-results=50   Blog devoted to photos of atmospheric phenomena  
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6.25   Distortions of the low sun 
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.intersoft.it/galaxlux/GreenFlashGallery.htm  
http://www.atoptics.co.uk/ Many photos and explanations of atmospheric optics 
http://mintaka.sdsu.edu/GF/explain/simulations/inf-mir/Kaplan_photos.html   Photos of solar mirage 
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6.26   Red Moon during lunar eclipse 
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.mreclipse.com/LEphoto/LEgallery1/LEgallery2.html   Scroll down to the red moon during 
totality. 
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6.27  Crown flash 
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 



Optics    29

 Schonland, B., The Flight of Thunderbolts, Clarendon Press, Oxford, 1964, pages 50-51 
 Vonnegut, B., "Orientation of ice crystals in the electric field of a thunderstorm," Weather, 20, 310-312 
(1965) 
 Gall, J. C., and M. E. Graves, "Possible newly recognized meteorological phenomenon called crown 
flash," Nature, 229, 184-185 (1971) 
 Graves, M. E., J. C. Gall, and B. Vonnegut, "Meteorological phenomenon called crown flash," Nature, 
231, 258 (1971) 
 Corliss, W. R., Lightning, Auroras, Nocturnal Lights, and Related Luminous Phenomena, Sourcebook 
Project, 1982 (PO Box 107, Glen Arm, MD 21057), pages 142-143 
 Weinheimer, A. J., and A. A. Few, "The electric field alignment of ice particles in thunderstorms," 
Journal of Geophysical Research, 92, 14,833-14,844 (1987) 
 Caylor, I. J., and V. Chandrasekar, “Time-varying ice crystal orientation in thunderstorms observed with 
multiparameter radar,” IEEE Transactions on Geoscience and Remote Sensing, 34, No. 4, 847-858 (July 
1996) 
 Saunders, C. P. R., and J. S. Rimmer, “The electric field alignment of ice crystals in thunderstorms,” 
Atmospehric Research, 51, Nos. 3-4, 337-343 (July 1999) 
 Foster, T. C., and J. Hallett, “The alignment of ice crystals in changing electric fields,” Atmospheric 
Research, 62, Nos. 1-2, 149-169 (May 2002) 
 
Related reference 
 Sorrentino, M., and S. G. Mason, “Rheo- and electro-optical behavior of platelets,” Journal of Colloid and 
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6.28    Oasis mirage 
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=Sg3rLpWaFDU&feature=related  Watch the horizon 
http://virtual.finland.fi/netcomm/news/showarticle.asp?intNWSAID=25722  
http://atmospherical.blogspot.com/search?updated-min=2006-01-01T00%3A00%3A00Z&updated-
max=2007-01-01T00%3A00%3A00Z&max-results=50   Blog devoted to photos of atmospheric phenomena  
http://www.youtube.com/watch?v=gaGO-we-Fag&mode=related&search=  Video of the supersonic car 
Thrust SSC. Note the mirage due to the light coming across the desert ground.  
http://ctein.com/STS1_in_Desert.jpg Mirage of space shuttle on desert floor 
http://www.phys.ufl.edu/~avery/course/3400/atmosphere/mirage_inf_lynch.jpg  Car on a hot street 
http://cgg-journal.com/2004-2/05/figure002.jpg  Oasis mirage on a hot street 
http://www.weatherscapes.com/photo.php?cat=optics&id=w-415-32  Oasis mirage on a hot road 
http://mintaka.sdsu.edu/GF/explain/simulations/inf-mir/Kaplan_photos.html   Photos of solar mirage 
 
References 
Kosa, T., and P. Palffy-Muhoray, “Mirage mirror on the wall,” American Journal of Physics, 68, No. 12, 
1120-1122 (December 2000). Available at 
http://scitation.aip.org/getpdf/servlet/GetPDFServlet?filetype=pdf&id=AJPIAS00006800001200112000000
1&idtype=cvips&prog=normal   Includes photo 
 
See the references for item 6.30. 
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6.29   Wall mirage 
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://greatestplaces.org/mirage/reports/tim.htm  Description and a sketch of a wall mirage. 
 
References 
Kosa, T., and P. Palffy-Muhoray, “Mirage mirror on the wall,” American Journal of Physics, 68, No. 12, 
1120-1122 (December 2000). Available at 
http://scitation.aip.org/getpdf/servlet/GetPDFServlet?filetype=pdf&id=AJPIAS00006800001200112000000
1&idtype=cvips&prog=normal   Includes photo 
 
See many more references, see those for the next item. 
 
 
 
6.30   Water monsters, mermen, and large-scale mirage 
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://tpemiragesg3.free.fr/fata.htm  Fata Morgana, really good 
http://virtual.finland.fi/netcomm/news/showarticle.asp?intNWSAID=25722  
http://atmospherical.blogspot.com/search?updated-min=2006-01-01T00%3A00%3A00Z&updated-
max=2007-01-01T00%3A00%3A00Z&max-results=50   Blog devoted to photos of atmospheric phenomena  
http://atmospherical.blogspot.com   Way cool blog site with lots of photos and descriptions. Go through the 
archived blogs by clicking on the button at the bottom of the page. The blog started in April 2006. 
http://www.crystalinks.com/mirage.html   Good photos, especially of the large-scale mirage  
http://ctein.com/STS1_in_Desert.jpg  Mirage of space shuttle on desert floor 
http://www.phys.ufl.edu/~avery/course/3400/gallery/gallery_atmosphere.html Photos 
http://epod.usra.edu/archive/epodviewer.php3?oid=38560  Mirage over water 
http://mintaka.sdsu.edu/GF/explain/simulations/inf-mir/Kaplan_photos.html   Photos of solar mirage 
http://www.bbqfilm.com/public_html/images/marfa_lights.jpg  Marfa lights photo 
http://www.envasion.net/2003/marfa.html Marfa lights plus discussion 
http://www.texasescapes.com/TOWNS/Marfa_Texas/MarfaLightsMarfaTexasMysteryLightsFestival.htm 
Marfa lights photo 
http://www.youtube.com/watch?v=OA58r0uGCt4  How to set up Marfa-like effects at home 
http://www.youtube.com/watch?v=pfCJvh6kwcQ&feature=related  Marfa lights video 
http://www.youtube.com/watch?v=hWgxY5yJqVk&feature=related  Many photos of Marfa lights 
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6.31   A ghost among the flowers 
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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6.32   Shimmy and twinkling stars 
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6.33   Shadow bands 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
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    The material here is located at www.flyingcircusofphysics.com and will be updated periodically.  
 
http://www.strickling.net/shadowbands.htm  
http://www.science-frontiers.com/sf123/sf123p04.htm  
http://www.liv.ac.uk/~ggastro/ES.obs.html  
http://www.youtube.com/watch?v=Y0EhEKetT0I  Video, I cannot see the bands but I can see the pinhole 
images 
  
References 
   Dots  through  indicate level of difficulty 
   Journal reference style: author, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Ives, R. L., "Sunset shadow bands," Journal of the Optical Society of America, 35, 736 (1945) 
 Paulton, E. M., "Observing and reporting shadow bands," Sky & Telescope, 18, 627-628 (1959) 
 Paulton, E. M., "Eclipse shadow band motion -- an illusion?" Sky & Telescope, 25, 328-329 (1963) 
 Hults, M., letter, Sky & Telescope, 33, 147-148 (1967) 
 Burgess, R. D., and M. E. Hults, "A shadow-band experiment," Sky & Telescope, 38, 95 (1969) 
 Young, A. T., letter, Sky & Telescope, 38, 309 (1969) 
 Paulton, E. M., "Recording shadow bands at the March eclipse," Sky & Telescope, 39, 132-133 (1970) 
 Hults, M. E., R. D. Burgess, D. A. Mitchell, and D. W. Warn, "Visual, photographic and photoelectric 
detection of shadow bands at the March 7, 1970, solar eclipse," Nature, 231, 255-258 (1971) 
 Susel, F. M., "Recording the eclipse shadow bands on magnetic tape," Journal of the Royal Astronomical 
Society of Canada, 65, 273-276 (1971) 
 Quann, J. J., and C. J. Daly, "The shadow band phenomenon," Journal of Atmospheric and Terrestrial 
Physics, 34, 577-583 (1972) 
 Kerr, D. E., G. G. Sivjee, W. McKinney, P. Takacs, and W. G. Fastie, "Brightness of forbidden OI lines 
and properties of shadow bands during the eclipse of 7 March 1970," Journal of Atmospheric and Terrestrial 
Physics, 34, 585-592 (1972) 
 Young, A. T., "The problem of shadow band observations," Sky & Telescope, 43, 291-292 (1972) 
 Stanford Jr., A. L., "On shadow bands accompanying total solar eclipses," American Journal of Physics, 
41, 731-733 (1973) 
 Feldman, R. L., "On shadow bands accompanying total solar eclipses," American Journal of Physics, 42, 
1024-1026 (1974) 
 Seykora, E. J., "Observations of eclipse shadow bands and related phenomena," Applied Optics, 18, 3538-
3539 (1979) 



Optics    37

 Marschall, L. A., R. Mahon and R. C. Henry, "Observations of shadow bands at the total solar eclipse of 
16 February 1980," Applied Optics, 23, 4390-4393 (1984) 
 Marschall, L. A., "Shadow bands --- solar eclipse phantoms," Sky & Telescope, 67, 116-118 (1984) 
 Corliss, W. R., Rare Halos, Mirages, Anomalous Rainbows and Related Electromagnetic Phenomena, 
Sourcebook Project, 1984 (PO Box 107, Glen Arm, MD 21057), pages 133-135, 189-195 
 Codona, J. L., “The scintillation theory of eclipse shadow bands,” Astronomy and Astrophysics, 164, 
415-427 (1986) 
 Codona, J. L., “The enigma of shadow bands,” Sky and Telescope, 81, 482-487 (1991) 
 Jones, B. W., and C. A. L. Jones, “Shadow bands during the total solar eclipse of 11 July 1991,” Journal 
of Atmosphereic and Terrestrial Physics, 56, No. 12, 1535-1543 (1994) 
 Jones, B. W., “Shadow bands during the total solar eclipse of 26 February 1998,” Journal of Atmospheric 
and Solar-Terrestrial Physics, 61, 965-974 (1999) 
 Jones, B. W., “Shadow bands during the total solar eclipse of 3 November 1994,” Journal of Atmospheric 
and Terrestrial Physics, 58, No. 12, 1309-1316 (1996)  
 Schlatter, T., “Phantom cold fronts and scintillating shadows,” in “Weather Queries,” Weatherwise, 45, 
42-43 (April/May 1992) 
 Marchant, J., and B. Fox, “A piece of the action,” New Scientist, 163, 24 (7 August 1999) 
 O’Meara, S. J., “Searching for shadow bands,” Astronomy, 37, No. 4, 18-19 (April 2009) 
 Reynolds, M., (photo), shadow bands on clouds, Astronomy, 38, No. 12, 70 (December 2010) 
 
 
 
6.34   The 22 halo and sun dogs 
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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6.35   A sky full of halos, arcs, and spots 
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    The material here is located at www.flyingcircusofphysics.com and will be updated periodically.  
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    The material here is located at www.flyingcircusofphysics.com and will be updated periodically.  
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6.45   Grain field 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.  
 
http://www.youtube.com/watch?v=BP44VN5u38o  Video of grain field in a breeze 
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6.60  You in a looking glass 
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6.62  Pepper's ghost and the bodiless head 
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6.66   Mirror labyrinths 
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6.71  Short Story: Landing in the dark behind enemy lines  
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6.72   One-way mirror 
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http://www.midlandsres.com/Pictures_of_MMR_office_012.jpg  
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 Fitch, J. M., "The control of the luminous environment," Scientific American, 219, 190-202 + 275 
(September 1968) 
 Ruiz, M. J., and T. L. Robinson, "Illusions with plane mirrors," Physics Teacher, 25, 206-212 (1987) 
 
 
6.73   Rear-view mirror 
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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 Crane, H. R., "How Things Work," Physics Teacher, 23, 238-239 (1985) 
 Jones, E. R., and R. D. Edge, "Optics of the rear-view mirror: a laboratory experiment," Physics Teacher, 
24, 221-223 (1986) 
 
 
6.74   Side-view mirror 
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://video.google.com/videoplay?docid=4922872460677989287&q=blind+spot+driving  Driver’s ed video 
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 Quadling, D., "What the eye doesn't see, ..." Mathematical Gazette, 71, 198-201 (1987) 
 Clifford, F., "More on drivers' blind spots," Mathematical Gazette, 73, 120 (1989) 
 Luoma, J., M. Sivak, and M. J. Flannagan, “Effects of driver-side mirror type on lane-change accidents,” 
Ergonomics, 38, 1973-1978 (1995 
 Hicks, R. A., and R. K. Perline, “Blind-spot problem for motor vehicles,” Applied Optics, 44, No. 19, 
3893-3897 (1 July 2005) 
 
Related references 
 Libertun, A. R., “Warning! Objects in mirror are closer than they appear,” Physics Teacher, 41, 20-21 
(January 2003) 
 Andrews, J. H., (letters) “More mirror calculations,” Physics Teacher, 41, 196 (April 2003) 
 
 
6.75   A Bar at the Folies-Bergère 
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.canvasreplicas.com/Manet.htm   Manet gallery 
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 Halliday, D., R. Resnick, and J. Walker, Fundamentals of Physics, Wiley, 4th edition (1993), pages 1011, 
1020; 5th edition, pages 872, 875; 6th edition (2003), pages 833 and 836   
 
 
 
6.76   Renaissance art and optical projectors  
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://webexhibits.org/hockneyoptics/post/stork.html  David Stork’s analysis of a van Eyck painting 
http://webexhibits.org/hockneyoptics/post/falcograves3.html  Discussion between Charles Falco and David 
Stork 
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218 (1998) 
 Steadman, P., “Commentary on ‘Vermeer and the camera obscura: some practical considerations’,” 
Leonardo, 32, No. 2, 137-141 (1999); response by A. A. Mills, pages 140-141 
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 Tyler, C. W., “Where art, optics, and vision intersect,” Perception, 31, 1285-1288 (2002) 
 Weiss, P., “Reflections on art---scientists debate whether the old masters used optical aids,” Science News, 
163, 346-348 (31 May 2003) 
 Stork, D. G., “Optics and the old masters revisited,” Optics and Photonics News, 15, No. 3, 30-37 (March 
2004) 
 Stork, D. G., “Optics and realism in renaissance art,” Scientific American, 291, No. 6, 76-83 (December 
2004) 
 Feder, T., “Debate over optics in early art is focus at OSA gathering,” Physics Today, 57, No. 12, 31-32 
(December 2004) 
 Hockney, D., (letter), and Stork, D. (reply), “Optical rejection,” Scientific American, 292, No. 4, 14 (April 
2005) 
 Jaroszewicz, Z., A. Burvall, and A. T. Friberg, “Axicon --- the most important optical element,” Optics & 
Photonics News, 16, No. 5, 34-39 (April 2005) 
 Graham-Rowe, D., “Hockney ‘was wrong’ over art copying claim,” New Scientist, No. 2482 (15 January 
2005) 
 Lefevre, W., “Exposing the seventeenth-century optical camera obscura,” Endeavour, 31, No. 2, 54-58  
(2007) 
 Reich, E. S., “Did Renaissance painters ‘cheat’ with optical aids?” New Scientist, No. 2753, 15 (29 March 
2010) 
 
Related references 
 Robin, A. C., “Photomeasurement,” Mathematical Gazette, 62, No. 420, 77-85 (June 1978) 
 Tripp, C., “Where is the camera? The use of a theorem in projective geometry to find from a photograph 
the location of the camera,” Mathematical Gazette, 71, No. 455, 8-14 (March 1987) 
 Knill, D. C., P. Mamassian, and D. Kersten, “Geometry of shadows,” Journal of the Optical Society of 
America A, 14, No. 12, 3216-3232 (December 1997) 
 Mamassian, P., D. C. Knill, and D. Kersten, “The perception of cast shadows,” Trends in Cognitive 
Sciences, 2, No. 3, 288-295 (August 1998) 
 Bruckstein, A. M., R. J. Holt, Y. D. Jean, and A. N. Netravali, “On the use of shadows in stance 
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6.77  Anamorphic art 
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.artlex.com/ArtLex/a/images/anamor_snowflake.lg.jpg   Example using cylindrical mirror 
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http://www.unipd.it/vallisneri/en/instruments/6.html  
http://oozandoz.com/images/mirror-cup-press.jpg  
http://graphicfacilitation.blogs.com/pages/2005/06/anamorphic_pave.html   Amazing anamorpic art on a 
sidewalk by Julian Beever 
http://www.linesandcolors.com/2005/09/23/julian-beever/ Another amazing sidewalk example by Julian 
Beever 
http://video.google.com/videoplay?docid=2885514567424950512&q=anamorphic  Video about the 
sidewalk art of Julian Beever 
http://www.youtube.com/watch?v=LVWkNlyCJtI  Video Julian Beever 
http://www.youtube.com/watch?v=hfn8Dz_13Ms  Video shows how Beever sets up the art. 
http://www.youtube.com/watch?v=IZ41c6omVWk   Beever meets the Transformers, for the new movie 
http://www.youtube.com/watch?v=dUen_khSouw Another video about Beever 
http://www.youtube.com/watch?v=15oIzkWO-wU   
http://www.youtube.com/watch?v=PQMmxWq_-pE  Stunning, watch it come “alive” 
http://www.youtube.com/watch?v=XjfVyx3PiZQ   Another video showing how Beever sets up a drawing 
http://www.youtube.com/watch?v=xVsKTwcBcMg  Anamorphic art on a LCD screen 
http://www.artlex.com/ArtLex/An.html  Discussion plus some examples 
http://www.neatorama.com/2006/05/10/kelly-m-houles-anamorphic-art/  Reflection anamorphic art 
http://www.mathsyear2000.co.uk/explorer/anamorphic/cylmirror.shtml  
http://www.youtube.com/watch?v=v-VKEVHL-8Y  Hong Kong pavement art 
 
http://www.julianvossandreae.com/work.html  Quantum man by Julian Voss-Andreae. Click on "archive"; 
choose "Matter Wave Project II", click on one of the slides and then use the "Next" arrow at the top to go to 
the next slide. 
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6.78   The bright and dark of streetlamps 
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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 Tyson, G., "Bright spots," Mathematical Gazette, 69, 205-206 (1985); make this correction: “x = 5/2” 
should be “x = s/2” 
 
 
 
6.79   Multiple images from double-pane windows 
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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6.80   World's most powerful searchlight 
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This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.  
    The material here is located at www.flyingcircusofphysics.com and will be updated periodically.  
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6.81   Archimedes death ray 
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: sunlight is concentrated by an array of tilted planar (flat) mirrors: 
http://www.youtube.com/watch?v=RQUrD6jp8-w  
http://www.youtube.com/watch?v=vaIw_9ZLvcI  
http://www.youtube.com/watch?v=iuORGNBKV7o   
http://www.youtube.com/watch?v=8EDtTwzgh98  
http://www.youtube.com/watch?v=GXxK2lU0pV8   
http://www.youtube.com/watch?v=bC2FtImtNTo  
http://www.youtube.com/watch?v=7OBnAE_kBfc   
 
Photos and discussion: 
http://web.mit.edu/2.009_gallery/www/2005_other/archimedes/10_ArchimedesResult.html  Feasibility study 
by MIT 
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6.82  Short Story: Illuminating a referee 
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.bartenbach.com/en/  The company Bartenbach LichtLabor, in English. 
http://www.bartenbach.com/ The same site but in German 
 
References 
   Dots  through  indicate level of difficulty 
   Journal reference style: author, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Clarke, A. C., "A slight case of sunstroke," in Tales of Ten Worlds, Harcourt, Brace & World, Inc., 1963 
 
 
 



Optics    84

6.83   Spooky lights in a graveyard 
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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6.84  What a fisherman sees of a fish 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.  
    The material here is located at www.flyingcircusofphysics.com and will be updated periodically.  
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6.85  What a fish sees of the fisherman 
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=cIIwwCi2zwk  vision from a bathtub of water 
http://curiousphotos.blogspot.com/2007/07/curious-add-on-07-14-07.html  Scroll down to reach a photo shot 
from within the water in the swimming pool. You might also notice the photos shot looking down into the 
water. Refraction distorts those images also. 
 
more links 
Videos of archer fish 
http://www.youtube.com/watch?v=fhBZ40jIo4Q  http://www.youtube.com/watch?v=Cc-Hm3zxHDI 
http://video.google.com/videoplay?docid=3360632473266152205&q=archer+fish&hl=en  Note how the fish 
anticipates where the insect will reach the water.   
 
Photos of archer fish 
http://www.biologie.uni-freiburg.de/data/bio1/schuster/images/archer.jpg  
http://photo.net/bboard-uploads/00EsBI-27543584.jpg    
http://cache.eb.com/eb/image?id=5814&rendTypeId=4   
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6.87  Short Story: Sword swallowing and esophagoscopy 
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6.98  Patterns from a glass of wine, a window, and a drop of water 
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6.99  Shadows with bright borders and bands 
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-chaos.engr.utk.edu/~kde/birds/pics/insects/kde.water_strider.09june2001-utktg.01.jpg  Photo: 
Look at the shadows below the legs of this water strider.  
http://www.microscopy-uk.org.uk/mag/indexmag.html?http://www.microscopy-
uk.org.uk/mag/artaug03/iwheath.html  Scroll down to the water strider photo. See how indentations in the 
water? They cause the shadows in the photo of the preceding link. 
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6.100  Bright and dark bands over the wing 
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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6.101  Short story: Shock waves from the Thrust SSC car 
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.y1y1.com/data/media/166/ThrustSSC_4.jpg   The distortions just above the care reveal four 
shock waves 
http://freespace.virgin.net/john.coppinger/thrustss.htm   Scroll down to the aerial shot, which shows the 
shock wave traveling along with the car. 
 
Videos 
http://www.youtube.com/watch?v=LKQ-xj5C2m8   The car Thurst SSC breaks the sound barrier and sets 
the land speed record. Montage of images of the car, its preparation, and the actual runs, including audio.  
You can hear the car’s sonic boom!  
http://www.youtube.com/watch?v=gaGO-we-Fag&mode=related&search=  Soon after the supersonic car 
passes the camera, we hear the shock wave. 
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6.102   Pinhole and pinspeck cameras 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.  
    The material here is located at www.flyingcircusofphysics.com and will be updated periodically.  
 
http://www.metacafe.com/watch/884241/matchbox_camera/  How to make a pinhole camera from a 
matchbox 
http://photo.net/learn/pinhole/pinhole  
http://www.wesjones.com/pinhole.htm My aritcle in Scientific American about pinhole and pinspeck 
cameras 
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6.103   Solar images beneath a tree 
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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6.104  Lights through a screen, lines between fingers 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.  
    The material here is located at www.flyingcircusofphysics.com and will be updated periodically.  
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6.105   Bright scratches and colorful webs 
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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6.106   Bright streaks in a car windshield 
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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6.107   Reflections from a phonograph record 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
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6.108  Colors on finely grooved items 
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.uwgb.edu/dutchs/acstalks/acscolor/CDCOLOR.jpg  
http://shokabo.co.jp/sp_e/optical/labo/refref/030695.jpg  Photo of bright lanes on illuminated CD 
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6.109   Anticounterfeiting: Optically variable devices  
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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6.111   Color of milk in water 
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6.112   Color of campfire smoke 
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6.113  Ouzo effect 
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6.114   Colors of oil slicks, soap films, and metal cooking pots 
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http://www.funsci.com/fun3_en/exper2/exper2.htm  At midheight, swirling varies the film thickness and 
thus also the colors. Note that the film is whitish higher up, where it is thiner, and it is black where the 
thickness is even less (less than the wavelength of visible light). 
http://sol.sci.uop.edu/~jfalward/physics17/chapter11/chapter11.html  
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6.115   Structural colors of insects, fish, birds, and monkey butts 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
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http://www.youtube.com/watch?v=bG96K14bAvA  Nice video, showing the change in color as a Morpho 
butterfly opens its wings. 
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http://www.youtube.com/watch?v=OaXAB3vUEyk   Video, morpho butterfly. Colors are a bit washed out 
but you can still see them change with the angle of view is changed. 
http://www.youtube.com/watch?v=INXo0hD8WNY  Video, morpho butterfly.  
 http://www.kitcarmag.com/featuredvehicles/142_0303_diablo_1_c_s.jpg  Photo, iridescent car paint 
http://www.sfondideldesktop.com/Images-Animals/Baboon/Mandrill-Baboon-Face-Closeup-0.Jpg   
Mandrill baboon face showing the blue due to the scattering and interference of light by the collagen in the 
skin.  
http://www.naturalsciences.org/education/Belize/gallery/morpho.html Note the blue on the top of the wing 
and the brown on the bottom. The top should be brown also. 
http://www.ivyhall.district96.k12.il.us/4th/kkhp/1insects/hercbeetle.html    Hercules beetles  
http://wastedspacewastedtime.blogspot.com/2006/05/six-spotted-tiger-beetle.html  Tiger beetles 
http://www.mikelevin.com/PeacockFeathers1024.jpg  Peacock feathers 
http://www.snh.org.uk/publications/on-
line/naturallyscottish/dragonfly/images/22.%20Northern%20Damselfly%20-m-%20(c)D.Goddard.jpg    
Damselfly 
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6.129  Colors and spots and polarization  
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6.130  Colorless foam and grounded powder 
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6.132  Colors of green glass and green velvet 
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6.133  Peachy skin and apparent softness 
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6.134  Twinkies and Vaseline parties 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
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6.135  The colors of meat 
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6.136  A short beer 
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6.137  "Whiter than white" 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
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6.139  Sunglasses and smog 
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 
 Coulson, K. L., "On the solar radiation field in a polluted atmosphere," Journal of Quantitative 
Spectroscopy and Radiative Transfer, 11, 739-755 (1971) 
 White, W. H., "Estimating the size range of smog aerosol particles with a pair of sunglasses," Atmospheric 
Environment, 9, 1036-1037 (1975) 
 Walker, J., "More about polarizers and how to use them, particularly for studying polarized sky light" in 
"The Amateur Scientist," Scientific American, 238, 132-136 + 140 (January 1978) 
 Schechner, Y. Y., S. G. Narasimhan, and S. K. Nayar, “Polarization-based vision through haze,” Applied 
Optics, 42, No. 3, 511-525 (20 January 2003) 
 
 
 
6.140  Brightness of the ocean 
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6.141  Blue ribbon on sea horizon 
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6.142  Darkness falls with a bang 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
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6.143  Colorful contrail 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
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