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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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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 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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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archived blogs by clicking on the button at the bottom of the page. The blog started in April 2006. There is a 
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 Marston, P. L., “Descartes glare points in scattering by icicles: color photographs and a tilted dielectric 
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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 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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 
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6.16  Blue haze, red haze, brown haze 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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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6.17  Lights of a distant city 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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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6.18  How far is the horizon? 
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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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6.19  Color of overcast sky 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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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6.20  Maps in the sky 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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.athropolis.com/arctic-facts/fact-ice-blink.htm  Photos of ice blink (or water sky). They are not 
clear but that is the nature of the effect. 
http://www-evasion.imag.fr/Membres/Fabrice.Neyret/NaturalScenes/clouds-sky-sun/sky-radios-
sun/iceblink_large.jpg  Photo 
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6.21   Brighter when it snows 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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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6.22   The end of a searchlight beam 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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.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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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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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.  
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   Book reference style: author, title, publisher, date, pages 
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 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 
Interface Science, 41, No. 1, 178-181 (October 1972) 
 
 
 
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 
This item is discussed in 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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6.33   Shadow bands 
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6.34   The 22 halo and sun dogs 
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6.36   Mountain shadows 



Optics    47

This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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://www.exo.net/~pauld/lectures/patternscostarica/patternsnature2004.htm Scroll down to the mountain 
shadow photo---all mountain shadows are triangular 
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6.39   Reflection glitter of Sun and Moon 
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6.45   Grain field waves 
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6.46   Glory 
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http://www.youtube.com/watch?v=ZTLN4GL0DEA  Video of the glory (not heiligenschein as the video 
suggests) 
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6.71  Short Story: Landing in the dark behind enemy lines  
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.  
    The material here is located at www.flyingcircusofphysics.com and will be updated periodically.  
 
 
References 
See references to the preceding item. 
 
 
 
6.72   One-way 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.  
 
http://www.midlandsres.com/Pictures_of_MMR_office_012.jpg  
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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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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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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.  
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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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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 



Optics    80

 
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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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.  
 
References 
   Dots  through  indicate level of difficulty 
   Journal reference style: author, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Swindell, W., "Effect of environmental changes on the ghosting of distant objects in twin-glazed 
windows," Applied Optics, 11, 2033-2036 (1972) 
 Swindell, W., and H. E. Morrow, "Insulating glass 'ghosting'," Glass Digest, 51, 52-53 and 83-84 (15 
November 1972) 
 Carman, P. D., and H. W. Budde, "Optical design of airport control tower cabs," Applied Optics, 19, 490-
498 (1980) 
 Huebner, J. S., "Multiple reflections from common mirrors," Physics Teacher, 25, 233 (1987) 
 Walker, J., "Some entertaining lessons in optics that may make air travel easier to endure" in "The 
Amateur Scientist," Scientific American, 259, 100-103 (August 1988) 
 
 
 
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  
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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 
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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.  
 
References 
   Dots  through  indicate level of difficulty 
   Journal reference style: author, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Bunch, K. J., and M. K. White, "The riddle of the Colorado ghost lights: a ghostly mystery yields to 
reflection," The Skeptical Inquirer, 7, 306-309 (1988) 
 
 
 
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   
 
References 
   Dots  through  indicate level of difficulty 
   Journal reference style: author, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Cornish, R. E., "Improving underwater vision of lifeguards and naked divers," The Journal of the Optical 
Society of America, 23, 430 (1933) 
 Wood, R. W., Physical Optics, 3rd edition, Macmillan, 1934, pages 66-67 
 Baddeley, A. D., "Diver Performance" in Underwater Science, edited by J. D. Woods and J. N. Lythgoe, 
Oxford University Press, 1971, pages 47-67 
 Breslow, R., "Optics in a fish tank," Physics Teacher, 14, 234-235 (1976) 
 Harmon, R., and J. Cline, "At the edge of the window," Rod and Reel, No. 7, 41-45 (March/April 1980) 
 Derman, S., "How the world looks underwater -- a demonstration for nonswimmers," Physics Teacher, 20, 
474-475 (1982) 
 Walker, J., "What is a fish's view of a fisherman and the fly he has cast on the water?" in "The Amateur 
Scientist," Scientific American, 250, 138-144 (March 1984) 
 Goldstein, S. R., and D. Hall, “Variable ratio control of the spitting response in the archer fish (Toxotes 
jaculator), Journal of Comparative Psychology, 104, No. 4, 373-376 (1990) 
 Horvath, G., and D. Varju, "On the structure of the aerial visual field of aquatic animals distorted by 
refraction," Bulletin of Mathematical Biology, 53, 425-441 (1991) 
 Steele, A. L., “Vision underwater,” Physics Education, 32, No. 6, 387-392 (November 1997) 
 Timmermans, P. J. A., and J. M. H. Vossen, “Prey catching in the archer fish: does the fish use a learned 
correction for refraction?” Behavioural Processes, 52, 21-34 (2000) 
 Timmermans, P. J. A., “Prey catching in the archer fish: marksmanship, and endurance of squirting at an 
aerial target,” Netherlands Journal of Zoology, 50, No. 4, 411-423 (2000)  
 Timmermans, P. J. A., “Prey catching in the archer fish: angles and probability of hitting an aerial target,” 
Behavioural Processes, 55, 93-105 (2001) 
 Lynch, D. K., and W. Livingston, Color and Light in Nature, 2nd edition, Cambridge University Press, 
2001, page79 
 Rossel, S., J. Corlija, and S. Schuster, “Predicting three-dimensional target motion: how archer fish 
determine where to catch their dislodged prey,” Journal of Experimental Biology, 205, 3321-3326 (2002) 



Optics    86

 Barta, A., and G. Horvath, “Underwater binocular imaging of aerial objects versus the position of eyes 
relative to the flat water surface,” Journal of the Optical Society of America, 20, No. 12, 2370-2377 
(December 2003) 
 Timmermans, P. J. A., and P. M. Souren, “Prey catching in archer fish: the role of posture and morphology 
in aiming behavior,” Physiology & Behavior, 81, 101-110 (2004) 
 Schuster, S., S. Rossel, A. Schmidtmann, I. Jager, and J. Poralla, “Archer fish learn to compensate for 
complex optical distortions to determine the absolute size of their aerial prey,” Current Biology, 14, 1565-
1568 (7 September 2004) 
 Biezeveld, H., N. Elsinga, F.-J. Harmsen, and R. Koopman, “Analysis of pictures taken with an 
underwater camera,” Physics Teacher, 43, 158-161 (March 2005) 
 Wohl, S., and S. Schuster, “Hunting archer fish match their take-off speed to distance from the future point 
of catch,” Journal of Experimental Biology, 209, 141-151 (2006) 
 Schuster, S., S. Wohl, M. Griebsch, and I. Klostermeier, “Animal cognition: How archer fish learn to 
down rapidly moving targets,” Current Biology, 16, 378-383 (2006) 
 Schlegel, T., C. J. Schmid, and S. Schuster, “Archerfish shots are evolutionarily matched to prey 
adhesion,” Current Biology, 16, No. 19, R836-837 (10 October 2006) 
 Wohl, S., and S. Schuster, “The predictive start of hunting archer fish: a flexible and precise motor pattern 
performed with the kinematics of an escape C-start,” Journal of Experimental Biology, 210, 311-324 (2007) 
 Schuster, S., “Archerfish,” Current Biology, 17, No. 13, R494-R495 (3 July 2007) 
 Temple, S. E., “Effect of salinity on the refractive index of water: considerations for archer fish aerial 
vision,” Journal of Fish Biology, 70, 1626-1629 (May 2007) 
 Measuring and tracking eye movements of a behaving archer fish by real-time stereo vision,” Journal of 
Neuroscience Methods, 184, 235-243 (2009) 
 Schuster, Stefan, “Big decisions by small networks,” Bioessays, 32, 727-735 (2010) 
 
 
6.86  Reading through a sealed envelope 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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 
 Nassau, K., The Physics and Chemistry of Color: The Fifteen Causes of Color, Wiley, 1983, page 20; 2nd 
edition, 2001, page 28 
 Hecht, E., "Why isn't paper transparent, like glass?" Physics Teacher, 22, 316-317 (1984) 
 Birth, G. S., "Diffuse reflection," Physics Teacher, 24, 138-143 (1986) 
 Bohren, C. F., "Multiple scattering of light and some of its observable consequences," American Journal 
of Physics, 55, 524-533 (1987) 
 Leskela, M., “A model for the optical properties of paper. Part 1. The theory,” Paper and Timber, 75, 
Nos. 9-10, 683-688 (1993) 
 Bartels, R., and R. Loxsom, “The sun-protection factors of wet and dry T-shirts,” Physics Teacher, 36, 86-
89 (February 1998) 
 
Related reference 
 Lettieri, T. R., E. Marx, J-F. Song, and T. V. Vorburger, “Light scattering from glossy coatings on 
paper,” Applied Optics, 30, No. 30, 4439-4447 (20 October 1991) 



Optics    87

 
 
 
6.87  Short Story: Sword swallowing and esophagoscopy 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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.leapfrog-entertainment.com/Artists/Big/BradB/BradB.htm    Photo of sword swallowing  
http://www.youtube.com/watch?v=YxgEitL4YqQ  Video of sword swallowing  
 
References 
   Dots  through  indicate level of difficulty 
   Journal reference style: author, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Suarez, C., A. Arango, and J. L. Lester III, “Cocaine-condom ingestion: surgical treatment,” Journal of the 
American Medical Association, 238, No. 13, 1391-1392 (26 September 1977) 
 Huizinga, E., “On esophagoscopy and sword-swallowing,” Annals of Otology, Rhinology and Laryngolgy, 
104, No. 4, Part 1, 259-266 (April 1995) 
 Scheinin, S. A., and P. R. Wells, “Esophageal perforation in a sword swallower,” Texas Heart Institute 
Journal, 28, No. 1, 65-68 (2001) 
 
Related reference 
 Magnuson, E. E., and L. J. Burnett, “Screening system for detection of contraband swallowed narcotics,” 
Applied Magnetic Resonance, 25, Nos. 3-4, 567-575 (2004) 
 
 
 
6.88  Shower-door optics 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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.ilovemuseumglass.com/aboutmuseumglass.asp  museum glass discussion 
 
References 
   Dots  through  indicate level of difficulty 
   Journal reference style: author, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Miller, D., and G. Benedek, Intraocular Light Scattering: Theory and Clinical Application, Charles C. 
Thomas, 1973, pages 68-72 
 Bohren, C., "Second thoughts of an atmospheric physicist" in "Simple Experiments in Atmospheric 
Physics," Weatherwise, 42, 278-282 (1989) 
 Walker, J., "When a polymer sheet is stretched, it may 'neck' long before it snaps" in "The Amateur 
Scientist," Scientific American, 262, 100-105 (February 1990) 
 Bohren, C. F., What Light through Yonder Window Breaks?, Wiley, 1991, pages 148-151 
 Dror, I., A. Sandrov, and N. S. Kopeika, “Experimental investigation of the influence of the relative 
position of the scattering layer on image quality: the shower curtain effect,” Applied Optics, 37, No. 27, 
6495-6499 (20 September 1998) 



Optics    88

 Jaruwatanadilok, S., A. Ishimaru, and Y. Kuga, “Optical imaging through clouds and fog,” IEEE 
Transactions on Geoscience and Remote Sensing, 41, No. 8, 1834- (August 2003) 
 
Related reference 
 Briscoe, B. J., and K. P. Galvin, “The effect of surface fog on the transmittance of light,” Solar Energy, 
46, No. 4, 191-197 (1991) 
 
 
 
6.89   Magic of refraction 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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 
 Connolly, W. C., and T. L. Rokoske, "The disappearing dropper," Physics Teacher, 18, 467 (1980) 
 Ellenstein, M., "Magic and physics," Physics Teacher, 20, 104-106 (1982) 
 Melton, B. F., "A surprising demonstration of total internal reflection," Physics Teacher, 29, 539-540 
(1991) 
 
 
 
 
 
6.90   The invisible man and transparent 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.  
 
http://www.nrm.se/images/18.5fdc727f10d795b1c6e800028442/hrugosum4102(3).jpg  
 
References 
   Dots  through  indicate level of difficulty 
   Journal reference style: author, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Trokel S., “The physical basis for the transparency of the crystalline lens,” Investigative 
Ophthalmology, 1, 493-501 (1962) 
 Hart, R. W., and R. A. Farrell, “Light scattering in the cornea,” Journal of the Optical Society of 
America, 59, No. 6, 766-774 (June 1969) 
 Denton, E. J., “On the organization of reflecting structures in some marine animals,” Philosophical 
Transactions of the Royal Society of London B, 258, 285-313 (1970) 
 Benedek, G. B., “Theory of the transparency of the eye,” Applied Optics, 10, 459-473 (1971) 
 Chapman, G., “Transparency in organisms,” Experientia, 32, 123-125 (1976) 
 Farrell, R. A., and R. L. McCally, “On corneal transparency and its loss with swelling,” Journal of the 
Optical Society of America, 66, No. 4, 342-345 (April 1976) 
 Anderson, R. R., and J. A. Parrish, “The optics of human skin,” Journal of Investigative Dermatology, 20, 
No. 15, 13-19 (1981) 



Optics    89

 Delaye, M., and A. Tardieu, “Short-range order of crystallin proteins accounts for eye lens transparency,” 
Nature, 302, 415-417 (1983) 
 Hecht, E., “Why isn’t paper transparent, like glass?” in “Questions Students Ask,” Physics Teacher, 22, 
316-317 (May 1984) 
 Freund, D. E., R. L. McCally, and R. A. Farrell, “Direct summation of fields for light scattering by 
fibrils with applications to normal corneas,” Applied Optics, 25, No. 16, 2739 (15 August 1986) 
 Leroy, D., A. Dompmartin, and P. Deschamps, “Increased penetration of epidermis by high intensity 
ultraviolet rays following the application of Vaseline oil,” Photodermatology, 3, 51-52 (1986) 
 Profio, A. E., “Light transport in tissue,” Applied Optics, 28, No. 12, 2216-2221 (15 June 1989) 
 Herring, P. J., “Reflective systems in aquatic animals,” Comparative Biochemistry and Physiology A, 
109, No. 3, 513-546 (November 1994) 
 Hebden, J. C., S. R. Arridge, and D. T. Delpy, “Optical imaging in medicine: I. Experimental 
techniques,” Physics in Medicine and Biology 42, 825-840 (1997) 
 Arridge, S. R., and J. C. Hebden, “Optical imaging in medicine: II. Modelling and reconstruction,” 
Physics in Medicine and Biology, 42, 841-853 (1997) 
 Benaron, D. A., W. F. Cheong, and D. K. Stevenson, “Tissue optics,” Science, 276, No. 5321, 2002-2003 
(27 June 1997) 
 Johnsen, S., and E. A. Widder, “The physical basis of transparency in biological tissue: ultrastructure 
and the minimization of light scattering,” Journal of Theoretical Biology, 199, 181-198 (1999) 
 Nickell, S., M. Hermann, M. Essenpreis, T. J. Farrell, U. Kramer, and M. S. Patterson, “Anisotropy of 
light propagation in human skin,” Physics in Medicine and Biology, 45, 2873-2886 (2000) 
 Benaron, D. A., S. R. Hintz, A. Villringer, D. Boas, A. Kleinschmidt, J. Frahm, C. Hirth, H. Obrig, J. C. 
van Houten, E. L. Kermit, W-F. Cheong, and D. K. Stevenson, “Noninvastive functional imaging of human 
brain using light,” Journal of Cerebal Blood Flow and Metabolism, 20, 469-477 (2000)  
 Johnsen, S., “Transparent animals,” Scientific American, 282, No. 2, 80-89 (February 2000); human 
cornea is discussed in the box on page 88 
 Johnsen, S., “Hidden in plain sight: the ecology and physiology of organismal transparency,” Biological 
Bulletin, 201, 301-318 (December 2001) 
 Chen, Z., H. Ren, Z. Ding, Y. Zhao, J. Miao, and J. S. Nelson, “Simultaneous imaging of in situ tissue 
structure, blood-flow velocity, standard deviation, birefringence and Stokes vectors in human skin,” Optics 
& Photonics News, 13, No. 12, 14 (December 2002) 
 Herring, P., The Biology of the Deep Ocean, Oxford University Press, 2002, Chapter 9, pages 188-197 
 Kim, A. D., and J. B. Keller, “Light propagation in biological tissue,” Journal of the Optical Society of 
America A, 20, No. 1, 92-98 (January 2003) 
 Popp, A. K., M. T. Valentine, P. D. Kaplan, and D. A. Weitz, “Microscopic origin of light scattering in 
tissue,” Applied Optics, 42, No. 16, 2872-2880 (1 June 2003) 
 Johnsen, S., “Lifting the cloak of invisibility: the effects of changing optical conditions on pelagic 
crypsis,” Integrative and Comparative Biology, 43, 580-590 (2003) 
 Koropatnick, T. A., J. T. Engle, M. A. Apicella, E. V. Stabb, W. E. Goldman, and M. J. McFall-Ngai, 
“Microbial factor-mediated development in a host-bacterial mutualism,” Science, 306, 1186-1188 (12 
November 2004)  
 Goho, A., “Moonlighting. Reflective protein causes squid to shimmer,” Science News, 165, 20-21 (10 
January 2004) 
 Choi, B., L. Tsu, E. Chen, T. S. Ishak, S. M. Iskandar, S. Chess, and J. S. Nelson, “Determination of 
chemical agent optidcal clearing potential using in vitro human skin,” Lasers in Surgery and Medicine, 36, 
72-75 (2005) 
 Bashkatov, A. N., E. A. Genina, A. A. Gavrilova, A. B. Pravdin, D. Tabatadze, J. Childs, I. Yaroslavsky, 
G. Altshuler, and V. V. Tuchin, “What exactly causes increase in skin transparency: water replacement or 
dehydration?” Lasers in Surgery and Medicine, Supplement 18, p. 84, abstract 284 (2006) 



Optics    90

 Hirshburg, J., B. Choi, J. S. Nelson, and A. T. Yeh, “Collagen solubility correlates with skin optical 
clearing,” Journal of Biomedical Optics, 11, No. 4, article # 040501 (3 pages) (July/August 2006) 
 Hirshburg, J., B. Choi, J. S. Nelson, and A. T. Yeh, “Correlation between collagen solubility and skin 
optical clearing using sugars,” Lasers in Surgery and Medicine, 39, 140-144 (2007)   
 Proskurin, S. G., and I. V. Meglinski, “Optical coherence tomorgraphy imaging depth enhancement by 
superficial skin optical clearing,” Laser Physics Letters, 4, No. 11, 824-826 (2007) 
 “See-through frog offers inside information,” Nature, 449, 521 (4 October 2007) 
 Castroviego-Fisher, S., I. De la Riva, and C. Vila, “Transparent frogs show potential of natural world,” 
Nature, 449,  972 (25 October 2007) 
 Erren, T. C., R. J. Reiter, V. B. Meyer-Rochow, “Frog transparency led to discovery of melatonin,” 
Nature, 451, 127 (10 January 2008) 
 
Related references 
 Preuss, L. E., and A. E. Profio, “Optical properties of mammalian tissue: introduction by the feature 
editors,” Applied Optics, 28, No. 12, 2207-2209 (15 June 1989) 
 Freund, I., “Looking through walls and around corners,” Physica A, 168, 49-65 (1990) 
 Leutwyler, K., “Optical tomography: light begins to shine as a noninvasive imaging tool,” Scientific 
American, 270, 147-149 (January 1994) 
 Ren, H., Z. Ding, Y. Zhao, J. Miao, J. S. Nelson, and Z. Chen, “Phase-resolved functional optical 
coherence tomography simultaneous imaging of in situ tissue structure, blood flow velocity, standard 
deviation, birefringence, and Stokes vectors in human skin,” Optics Letters, 27, No. 19, (1 October 2002) 
 Kim, A. D., “Light propagation in biological tissues containing an absorbing plate,” Applied Optics, 43, 
No. 3, 555-563 (20 January 2004) 
 Bashkatov, A. N., E. A. Genina, V. I. Kochubey, and V. V. Tuchin, “Optical properties of human skin, 
subcutaneous and mucous tissues in the wavelength range form 400 to 2000 nm,” Journal of Physics D: 
Applied Physics, 38, 2543-2555 (2005) 
 
 
6.91   A road made crooked by refraction 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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 
    through  indicate level of difficulty 
   Journal reference style: author, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Wood, E. A., Scence from Your Airplane Window, Dover, 1975, page 71 
 Walker, J., "Shock front phenomena and other oddities to entertain a bored airline passenger" in "The 
Amateur Scientist," Scientific American, 259, No. 3, 132-135 (September 1988) 
 
 
 
6.92   Watering during sunlight 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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 



Optics    91

   Journal reference style: author, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Gerber, J. F., J. Janick, J. D. Martsolf, C. Scamano, E. J. Stang, and S. C. Wiest, letters, "Is hot weather 
sprinkling deleterious to plants?" HortScience, 18, 402-404 (1983) 
 
Related references 
 Onda, T., S. Shibuichi, N. Satoh, and K. Tsujii, “Super-water-repellent fractal surfaces,” Langmuir, 12, 
No. 9, 2125 (1996) 
 Barthlott, W., and C. Neinhuis, “Purity of the sacred lotus, or escape from contamination in biological 
surfaces,” Planta, 202, 1-8 (1997) 
 Neinhuis, C., and W. Barthlott, “Characterization and distribution of water-repellent, self-cleaning plant 
surfaces,” Annals of Botany, 79, 667-677 (1997) 
 von Baeyer, H. C., “The lotus effect: The secret of the self-cleaning leaves of the lotus plant, like the 
subtlest applications of high technology, is simplicity itself,” Sciences, 40, No. 1, 12-15 (January/February 
2000) 
 Otten, A., and S. Herminghaus, “How plants keep dry: a physicist’s point of view,” Langmuir, 20, 2405-
2408 (2004) 
 Cheng, Y.-T., and D. E. Rodak, “Is the lotus leaf superhydrophobic?” Applied Physics Letters, 86, article 
# 144101 (2005) 
 Myint, H. H., A. M. Marpaung, H. Kurniawan, H. Hattori, and K. Kagawa, “Water droplet lens 
microscope and microphtographs,” Physics Education, 36, 97-101 (2001) 
 
 
 
 
6.93   Starting a fire with ice 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.  
    The material here is located at www.flyingcircusofphysics.com and will be updated periodically.  
 
References 
   Dots  through  indicate level of difficulty 
   Journal reference style: author, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Scoresby, W. A., An Account of the Arctic Regions with a History and Description of the Northern Whale-
Fishery, Vol. 1: The Arctic, Archibald Constable, 1820, pages 232-233 
 Verne, J., "Adventures of Captain Hatteras: the desert of ice," Works of Jules Verne, vol. 3, Vincent Parke 
& Co., 1911, Chapter V, pages 28-29 
 Verne, J., The Mysterious Island, J. H. Sears & Company, 1927, Chapter X 
 Golding, W., Lord of the Flies, Coward-McCann, Inc., 1962, pages 44-45 
 Stamp, T., "William Scoresby, DD, FRS," New Scientist, 70, 24-25 (1976) 
 Walker, J., "How lenses can be made out of ice, and what happens when coffee is brewing in the ibrik," in 
"The Amateur Scientist," Scientific American, 248, 132-138 (April 1983) 
http://optica.ccmc.unam.mx/Optica/SciAm/IceLens/1983-04-body.html  
 Huhn, J. K., "You can be myopic and still survive on a desert island!" Physics Teacher, 29, 577 (1991) 
 Wheeler, M. G., photograph, Fundamentals of Physics, by D. Halliday, R. Resnick and J. Walker, Wiley, 
4th edition, 1993, page 1027; 7th edition, 2005, page 936 
 
 
 



Optics    92

6.94  Diamonds 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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 
 Bragg, W., The Universe of Light, Dover, 1959, pages 80-84 
 Darragh, P. J., A. J. Gaskin, and J. V. Sanders, "Opals," Scientific American, 234, 84-95 + 138 (April 
1976) 
 Friedman, H., "Demonstrations of the optical properties of diamonds," Physics Teacher, 19, 250-252 
(1981) 
 Nassau, K., The Physics and Chemistry of Color:  The Fifteen Causes of Color, Wiley, 1983, pages 218-
219; 2nd edition, 2001, pages 218-219 
 Sasian, J. M., P. Yantzer, and T. Tivol, “The optical design of gemstones,” Optics & Photonics News, 14, 
24-29 (April 2003) 
 Lawson, S., “Spotting a fake,” Physics World, 19, No. 6, 23-27 (June 2006) 
 
Related reference 
 Switzer, G. S., “The many-sided diamond,” National Geographic, 113, 568-586 (1958) 
 
 
 
6.95  Opals 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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.opal-online.org/picts/opaloval.jpg  the stone 
http://www.smh.com.au/ffxImage/urlpicture_id_1071337035521_2003/12/17/350_weevil,0.jpg  the beetle 
   
References 
   Dots  through  indicate level of difficulty 
   Journal reference style: author, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Sanders, J. V., "Diffraction of light by opals," Acta Crystallographica A, 24, 427-434 (1968) 
 Darragh, P. J., A. J. Gaskin, and J. V. Sanders, "Opals," Scientific American, 234, 84-95 + 138 (April 
1976) 
 Nassau, K., The Physics and Chemistry of Color: The Fifteen Causes of Color, Wiley, 1983, pages 277-
280; 2nd edition, 2001, pages 273-275 
 Murray, C. A., and D. G. Grier, “Colloidal crystals,” American Scientist, 83, 238-245 (May-June 1995) 
 Tsunekawa, S., Yu. A. Barnakov, V. V. Poborchii, S. M.Samoilovich, A. Kasuya, and Y. Nishina, 
“Characterization of precious opals: AFM and SEM observations, photonic band gap, and incorporation of 
CdS nano-particles,” Microporous Materials, 8, 275-282 (1997)  
 Parker, A. R., V. L. Welch, D. Driver, and N. Martini, “Opal analogue discovered in a weevil,” Nature, 
426, 786-787 (18/25 December 2003) 
 
Related references 
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 Gu, Z.-Z., H. Uetsuka, K. Takahashi, R. Nakajima, H. Onishi, A. Fugishima, and O. Sato, “Structural color 
and the lotus effect,” Angewandte Chemie-International Edition, 42, No. 8, 894-897 (2003)  
 Palacios-Lidon, E., B. H. Juarez, E. Castillo-Martinez, and C. Lopez, “Optical and morphological study 
of disorder in opals,” Journal of Applied Physics, 97, article # 063502 (2005) 
 
 
 
6.96  Alexandrite effect 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.  
    The material here is located at www.flyingcircusofphysics.com and will be updated periodically.  
 
http://www.youtube.com/watch?v=0yhcdCWEbsQ  Video, commercial 
http://www.gemsociety.org/info/igem13.htm   the stone under two lighting conditions 
 
References 
   Dots  through  indicate level of difficulty 
   Journal reference style: author, journal, volume, pages (date) 
   Book reference style: author, title, publisher, date, pages 
 Harwood, W. S., “The colors of gems,” Chem Matters, 6, No. 4, 7-9 (December 1988) 
 Liu, Y., J. Shigley, E. Fritsch, and S. Hemphill, “The ‘alexandrite effect’ in gemstones,” Color Research 
and Application, 19, No. 3, 186-191 (June 1994) 
 Liu, Y., J. Shigley, E. Fritsch, and S. Hemphill, “Abnormal hue-angle change of the gemstone tanzanite 
between CIE illuminants D65 and A in CIELAB color space,” Color Research and Application, 20, No. 4, 
245-250 (August 1995) 
 Liu, Y., J. E. Shigley, E. Fritsch, and S. Hemphill, “Relationship between the crystallographic orientation 
and the ‘alexandrite effect’ in synthetic alexandrite,” Mineraolgical Magazine, 59, 111-114 (1995) 
 Lu, T., Y. Liu, J. Shigley, T. Moses, and I. M. Reinitz, “Characterization of a notable historic gem 
diamond showing the alexandrite effect,” Journal of Crystal Growth, 193, 577-584 (1998) 
 Liu, Y., J. Shigley, T. Moses, and I. Reinitz, “The alexandrite effect of the Tavernier diamond caused by 
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6.97  Star sapphire 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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=UFPJPM1lIfo&NR=1  Video, commercial 
http://palagems.com/sapphire_connoisseurship.htm   Scroll down to the sapphire 
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   Dots  through  indicate level of difficulty 
   Journal reference style: author, journal, volume, pages (date) 
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6.98  Patterns from a glass of wine, a window, and a drop of 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.  
 
http://www.physics.wsu.edu/msoptoelectron/philip_marston.htm  Philip Marston’s site, including a lovely 
diffraction catastrophe produced by a water drop 
http://fizyka.phys.put.poznan.pl/~pieransk/Physics%20Around%20Us/Physics%20around%20us.html  
http://www.phy.bris.ac.uk/people/berry_mv/gallery.html  The website of Michael Berry, an expert on optical 
catastrophe theory (caustics).  
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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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6.115   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 
by 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=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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6.126  Polarizing sunglasses 
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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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6.127  Sky polarization 
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6.128  Ant navigation 
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=w9KDM4C1kVg  video about the navigation of the desert ant 
www.theobio.uni-bonn.de/.../index_en.html   includes simulations 
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6.129  Colors and spots and polarization  
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl Walker, published 
by 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://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 April 5, 2007 for polarization colors photographed through an airplane window. 
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6.142  Darkness falls with a bang 
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