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Chapter 5
Ducking first a flash and then a roar
(electricity and magnetism)

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=41

August 2011

5.1 Lightning
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl
Walker, published by 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=VTztOz_EUrE&mode=related&search= Video of very close
lightning strike

http://www.youtube.com/watch?v=EM66Nu-gCo4&mode=related&search=  Video of lightning
strike

http://www.air-and-space.com/lightning.htm photos and some sequenced shots (stepped
movies)

http://www.youtube.com/watch?v=GR_EoWO0fpws&mode=related&search= Video of many
lightning strikes

http://wvlightning.com/types.shtml Many photos

http://www.prazen.com/cori/links.ntml ~ Many photos from Australia. Click on the lightning
choices.

http://www.worth1000.com/entries/153500/153529gVxu_w.jpg Photo of tornado and lightning
from the cloud to one side of the tornado.

http://205.243.100.155/frames/longarc.htm#Large LF Photos and discussion, big sparks,
lightning

http://www.cabinetmagazine.org/issues/3/allaboutlighning.php Interview with Martin Uman, an
expert on lightning that I have followed for years
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Videos
http://www.youtube.com/watch?v=CpxKEGdfDxl Football (soccer) players hurt by ground
currents

Photos

http://www.ucar.edu/communications/quarterly/winter0506/storms.jsp Henson, B., “Storms and
stadiums,” UCAR Quarterly (Winter 2005-2006)
http://www.smh.com.au/ftimages/2002/07/22/1026898970644.html  lightning during a baseball
game

http://wx-man.com/blog/?cat=73 scroll down to the lightning story
http://www.abc.net.au/rural/content/2005/s1497922.htm cattle
http://www.utahweather.org/UWC/weather_pictures/weather_photos_1900-2002.html Large
number of sheep killed by lightning but, in spite of what the captions say, not by a direct hit.
http://www.lightningsafety.com/nlsi_info/damage_photos.html Photos and description of
damage to lightning rod, animals

http://205.243.100.155/frames/human_LF2.jpg Photo of Lichtenberg figure in the lightning
damage to a man’s back, as described in Flying Circus
http://www.postgradmed.com/issues/2003/06_03/puzzles_answer.htm  Discussion and photo,
lightning from a clear sky and damage done to a victim
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e MacLaren, M., “Early electrical discoveries by Benjamin Franklin and his contemporaries,”
Journal of the Franklin Institute, 240, No. 1, 1-14 (July 1945)

5.3 Lightning: vehicles
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl
Walker, published by 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=eX6 XkODRVVE &feature=related Lightning strikes airplane
just after takeoff

http://www.youtube.com/watch?v=036hpBvjoQw&NR=1 Lightning strikes Qantas airplane
http://www.youtube.com/watch?v=3ydadlprhMI&NR=1 Lightning strikes car
http://www.youtube.com/watch?v=nl79A2yX09U&NR=1 Lightning hits car (caution: mild
cursing)

http://www.youtube.com/watch?v=K-O26xuADlo&feature=related Lightning strikes tree and
flashes to parked car

http://www.youtube.com/watch?v=Iv006jJjo6w&NR=1 Way cool video, TV host sitting in a car
while it receives huge sparks at many hundreds of kilovolts.
http://www.youtube.com/watch?v=ilYQcHfSEvI Video, include video from within airplane,
showing the strike to the fuselage

http://www.youtube.com/watch?v=4sA-Hk_jnPg Video of intense St. EImo’s fire on windshield
of airplane

http://www.crh.noaa.gov/pub/Itg/plane_japan.php Images of airplane being hit by lightning
http://www.youtube.com/watch?v=6EUh-Nmp6aY Video of lighting strike to a storm-penetrating
aircraft

http://www.youtube.com/watch?v=bZwID-Z0zmE&NR=1 Man in a Faraday cage, big sparks
http://www.youtube.com/watch?v=IUUOdO6eEZA&mode=related&search=Video of car as it
is hit by lightning

http://www.deas.albany.edu/deas/bvonn/707wingt.html Photo and description of damage to
wingtip of a Boeing 707.

http://www.exo.net/~pauld/popularerrors/popularerrors.html This is an old photograph of a large
spark to a (metal) car in which a man sits. The current stays on the outside of the metal and jumps
across the insulating rubber tire. The man, being in the interior of the metal enclosure, is
unaffected.

http://www.wrh.noaa.gov/images/pgr/05082003_sle.jpg Photo of damage to radio antenna on a
car

http://www.prazen.com/cori/images/vanilt.jpg Photo of damage inside a car (yes, sometimes the
lightning can damage inside a car)

http://www.youtube.com/watch?v=w4VgkmYOUPK Video of lightning hitting car
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5.4 Lightning: trees, towers, and ground
This item is discussed in 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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Video

http://www.youtube.com/watch?v=gKPwkauODh0&NR=1 Lightning hits a tree
http://www.youtube.com/watch?v=f6PJdAee7qY&NR=1 Damage due to a tree that exploded
when hit by lightning

http://www.youtube.com/watch?v=w4aZYVvPrOGQ&NR=1 Lightning hits a tree
http://www.metacafe.com/watch/715760/ligtning_strike tree in_slow motion/

Photos and descriptions

http://www.strangedangers.com/images/content/102407.jpg
http://www.lightning.ece.ufl.edu/pictures/fulgurites/ GUINNESS.JPG Fulgurite exposed by
digging

http://www.celestialmonochord.org/2006/05/sidewalk _fulgar.html Sidewalk fulgurite photos and
discussion

http://www.visionforum.com/hottopics/blogs/dwp/2005-05-25 fulgurite2.gif  Fulgurite photos,
including cross section

http://www.thunderbolts.info/tpod/2006/image06/060309lightning.jpg  Pattern burned into a
golfing green by lightning

http://geology.about.com/library/bl/images/blfulgurite.htm Fulgurite photo and brief discussion
http://plaza.ufl.edu/rakov/figures/2.jpg Photo showing hollow interior of fulgurite section
http://www.holoscience.com/views/view_mars.htm  Scroll down to the photos of lightning
damage

http://www.lightningsafety.com/nlsi_info/damage_photos.html Photos and description of
damage to lightning rod, animals

http://www.electricalfun.com/lightning_building.jpg Photo
http://www.hiltonpond.org/ThisWeek050508.html Photos and description of damage to a tree
http://www.wrh.noaa.gov/images/pgr/05082003 sle.jpg Photo of damage to radio antenna on a
car

http://www.thenews.co.uk/ViewArticle.aspx?Section|D=455& ArticlelD=1066984 Photo and
news story about fire caused at a Holiday Inn
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http://www.youtube.com/watch?v=sx1GJnOBzFw
http://www.youtube.com/watch?v=aEC-ef72Wfc&NR=1 Video of plasma balls that may be
related to naturally occurring ball lightning
http://www.unexplained-mysteries.com/gallery/displayimage.php?album=30&pos=4 Old photo
of ball lightning

http://www.daviddarling.info/encyclopedia/B/ball_lightning.html Photos plus speculation
http://www.thunderbolts.info/webnews/NewsPics/Fatal%20ball%20lightning.jpg Classic
engraving of a researcher being struck by ball lightning
http://www-personal.umich.edu/~reginald/ball_I.html  Plasma ball inside a microwave oven.
Link allows download of a video.
http://library.thinkquest.org/030ct/00758/en/disaster/lightning/ball_lightning.jpg Photo
http://www.pbs.org/wgbh/nova/sciencenow/3214/02-vari-03.html Classic drawing of ball
lightning entering a room

http://news.nationalgeographic.com/news/bigphotos/32051113.html Classic drawing
http://www.blahblahblahg.com/wordpress/wp-content/uploads/2006/07/ball_lightning_clip.jpg
Another classic drawing

Bead lightning
http://wvlightning.com/types.shtml Scroll down to the bead lightning
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http://www.britannica.com/ebc/art-50963 Photos
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5.9 Cars, fuel pumps, and pit stops
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl
Walker, published by 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=DcFO710Q1181&feature=related
http://www.youtube.com/watch?v=IdcPeW1XwKs&feature=related

Static discharge at a fuel station causes a fire. Note that she gets back in the vehicle, moves
around, gets out, rearranges her clothing and then reaches for the pump handle. She was really
charged by then.

http://www.metacafe.com/watch/729595/gas_station fire from_electrostatic discharge watch vy
our_car/ same video

http://www.youtube.com/watch?v=IdcPeW1XwKs&feature=related

same video

http://www.youtube.com/watch?v=BBkPT-j8PNg Brainiac show, trying to use a cell phone to
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http://www.youtube.com/watch?v=l_bV5EUGY 0 Video of Eddie Irvine pit stop fire just after
fueling, due to a spark
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http://www.youtube.com/watch?v=W8GR-RvpVjQ Dramatic fire in a pit stop
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5.10 SHORT STORY: Shocking exchange of gum
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl
Walker, published by 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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5.11 Danger of powder floating in the air
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with photo
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http://www.youtube.com/watch?v=ctJf8BzgDUI exploding flour
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Photos and discussions
http://www.landinstruments.net/combustion/products/coal fire detection/mill fire detector.htm
http://www.rain.org/~mkummel/stumpers/10nov00a.html Flour explosion (scroll down)

References

Dots e through eee indicate level of difficulty

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

Book reference style: author, title, publisher, date, pages
eee Eden, H. F., “Electrostatic nuisances and hazards,” in Electrostatics and Its Applications, A.
D. Moore editor, John Wiley & Sons, 1973, pages 425-440
o Kissell, F. N., A. E. Nagel, and M. G. Zabetakis, “Coal mine explosions: seasonal trends,”
Science, 173, 891-892 (2 March 1973)
o Griffith, W. C., “Dust explosions,” Annual Review of Fluid Mechanics, 10, 93-105 (1978)



Electricity & Magnetism 27

e Hughies, J. F., and A. W. Bright, “Electrostatic hazards associated with powder handling in silo
installations,” IEEE Transactions on Industry Applications, IA-15, No. 1, 100-103
(January/February 1979)

o Lees, P., A. W. Bright, J. R. Smith, D. McAllister, and J. Diserens, “The finite-element method
applied to axisymmetric field problems in silos,” IEEE Transactions on Industry Applications,
IA-16, No. 6, 749-754 (November/December 1980)

ee Gibson, N., “Electrostatic hazards---a review of modern trends,” Institute of Physics
Conference Series, No. 66, Session I, 1-11 (1983)

ee Owens, J. E., “Ignition hazards of charged dielectrics in flammable environments,” IEEE
Transactions of Industry Applications, 1A-20, No. 6, 1424-1430 (November/December 1984)

eee Singh, S., and P. Cartwright, “A study of electrostatic activity in grain silos,” IEEE
Transactions on Industry Applications, 1A-20, No. 4, 863-868 (July/August 1984)

e Rehfeld, D. W., M. Barondeau, and J. W. Long, “An explosive demonstration,” Journal of
Chemical Education, 65, No. 10, 894-895 (October 1988)

e Riezenman, M. J., “Bulk solids handling: preventing the big blast,” Mechanical Engineering,
111, No. 6, 44-46 (June 1989)

ee Glor, M., and B. Maurer, “Ignition tests with discharges from bulked polymeric granules in
silos (cone discharges),” Journal of Electrostatics, 30, 123-134 (May 1993)

o Still Jr., J. M., E. J. Law, and H. C. Pickens Jr., “Burn due to a sawdust explosion, Burns, 22,
No. 2, 164-165 (1996)

¢ Glor, M., and K. Schwenzfeuer, “Occurrence of cone discharges in production silos,” Journal of
Electrostatics, 40&41, 511-516 (1997)

o Gibson, N., “Static electricity --- an industrial hazard under control?” Journal of Electrostatics,
40&41, 21-30 (1997)

e Glor, M., “Electrostatic ignition hazards associated with flammable substances in the form of
gases, vapors, mists and dusts,” Institute of Physics Conference Series, No. 163, 199-206 (1999)

e Hoppe, T., N. Jaeger, and J. Terry, “Safe handling of combustible powders during
transportation, charging, discharging and storage,” Journal of Loss Prevention in the Process
Industries, 13, 253-263 (2000)

e Ebadat, V., “Exposing the causes of mill dust explosions,” Chemical Processing, 63, No. 8, 58-
59 (August 2000)

eee Zhong, S., and X. Deng, “Modeling of maize starch explosions in a 12 m? silo,” Journal of
Loss Prevention in the Process Industries, 13, 299-309 (2000)

ee Glor, M., “Overview of the occurrence and incendivity of cone discharges with case studies
from industrial practice,” Journal of Loss Prevention in the Process Industries, 14, 123-128
(2001)

o Nifuku, M., and H. Enomoto, “Evaluation of the explosibility of malt grain dust based on static
electrification during pneumatic transportation,” Journal of Loss Prevention in the Process
Industries, 14, 509-514 (2001)

o Nifuku, M., and H. Katoh, “Incendiary characteristics of electrostatic discharge for dust and gas
explosion,” Journal of Loss Prevention in the Process Industries, 14, 547-551 (2001)

¢ Bailey, M., P. Hooker, P. Caine, and N. Gibson, “Incendivity of electrostatic discharges in dust
clouds: the minimum ignition energy problem,” Journal of Loss Prevention in the Process
Industries, 14, 99-101 (2001)

o Schwenzfeuer, K., and M. Glor, “Ignition tests with brush discharges,” Journal of Electrostatics,
51/52, 402-408 (2001)

ee Schwenzfeuer, K., and M. Glor, “Ignition tests with brush discharges,” Journal of
Electrostatics, 51 & 52, 402-408 (2001)



Electricity & Magnetism 28

e Hearn, G. L., “Electrostatic ignition hazards arising from fuel flow in plastic pipelines,” Journal
of Loss Prevention in the Process Industries, 15, 105-109 (2002)

oo Kao, C.-S.,, and Y.-S. Duh, “Accident investigation of an ABS plant,” Journal of Loss
Prevention in the Process Industries, 15, 223-232 (2002)

o Amyotte, P. R., F. I. Khan, and A. G. Dastidar, “Reduce dust explosions the inherently safer
way,” Chemical Engineering Progress, 99, No. 10, 36-43 (October 2003)

e Bennett, D., G. A. Lunn, J. V. Torrent, E. Querol, J.-P. Fritze, “A test for electrical ignitions of
flammable dust clouds,” Journal of the Loss Prevention in the Process Industries, 16, 33-40
(2003)

e Glor, M., “Ignition hazard due to static electricity in particulate processes,” Powder
Technology, 135/136, 223-233 (2003)

e Mavrot, G., I. Sochet, P. Bailly, and M. Moisescot, “Silo vulnerability: structural aspects,”
Journal of Loss Prevention in the Process Industries, 16, 165-172 (2003)

oo Nifuku, M., and H. Katoh, “A study on the static electrification of powders during pneumatic
transportation and the ignition of dust cloud,” Powder Technology, 135-136, 234-242 (2003)

eee Pavey, |. D., “Electrostatic hazards in the process industries,” Process Safety and
Environmental Protection, 82, B2, 132-141 (March 2004)

o Nifuku, M., H. Tsujita, K. Fujino, K. Takaichi, C. Barre, M. Hatori, S. Fujiwara, S. Horiguchi,
and E. Paya, “A study on the ignition characteristics for dust explosion of industrial wastes,”
Journal of Electrostatics, 63, 455-462 (2005)

e Kong, D., “Analysis of a dust explosion caused by several design errors,” Process Safety
Progress, 25, No. 1, 58-63 (March 2006)

e Randeberg, E., and R. K. Eckhoff, “Initiation of dust explosions by electric spark discharges
triggered by the explosive dust cloud itself,” Journal of Loss Prevention, 19, 154-160 (2006)

¢ Pilao, R., E. Ramalho, and C. Pinho, “Overall characterization of cork dust explosion,” Journal
of Hazardous Materials, B133, 183-195 (2006)

Related references

o Kamra, A. K., “Electrification in an Indian dust storm,” Weather, 24, 145-146 (1969)

e Kamra, A. K., “Measurements of the electrical properties of dust storms,” Journal of
Geophysical Research, 77, No. 30, 5856-5869 (20 October 1972)

ee Roberts, J. M. C., and J. F. Hughes, “Elimination of electrostatic charging in punctured aerosol
cans,” IEEE Transactions on Industry Applications, 1A-15, No. 1, 104-108 (January/February
1979)

e Young, J. A., “The missing warning,” in “Mystery Matters” in Chem Matters, 3, No. 3, 12-13
(October 1985)

eee Ohsawa, A., “Self-consistent particle-in-cell simulation of charged powders entering a
vessel,” Journal of Electrostatics, 43, 187-201 (1998)

e Yarbrough, 111, D. R., “Burns due to aerosol can explosions,” Burns, 24, 270-271 (1998)

ee Pratt, T. H., and J. G. Atherton, “Electrostatic ignitions in everyday chemical operations: three
case histories,” Process Safety Progress, 18, No. 4, 241-246 (winter 1999)

eee Murtomaa, M., E. Rasanen, J. Rantanen, A. Bailey, E. Laine, J.-P. Mannermaa, and J.
Yliruusi, “Electrostatic measurements on a miniaturized fluidized bed,” Journal of Electrostatics,
57, 91-106 (2003)

5.12 Danger of aerosol cans
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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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5.14 Ski glow
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5.18 Parsley, sage, rosemary, and thyme
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl
Walker, published by 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=FWOst4VwWwWEU Video of Lichtenberg figures
http://205.243.100.155/frames/human_LF2.jpg Photo of Lichtenberg figure in the lightning
damage to a man’s back, as described in Flying Circus

http://205.243.100.155/frames/longarc.htm#Large LF Photos and discussion, big sparks,

lightning
http://teslamania.delete.org/frames/coilgallery.html Click on any of the photos to enlarge them.
http://www.orau.org/ptp/collection/Lichtenberg%20figures/L argemendonca.htm Photo and

discussion of a Lichtenberg figure in a block of Lucite; the discharge was “heard several
buildings away.”
http://www.sgsmp.ch/lichtenberg.htm Lichtenberg: discussion and photos
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5.19 Wintergreen glow in the closet
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl
Walker, published by 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/331709/sugar emit green light in the dark/
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5.20 Earthquake lights
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl
Walker, published by 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 descriptions
http://nisee.berkeley.edu/elibrary/list?e=5440&start=1
http://www.spectrum.ieee.org/print/2367 Scroll down
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5.21 St. EImo’s fire and Andes glow
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl
Walker, published by 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=6rAX0YROwvs St. EImo’s fire as seen through the cockpit
window on an airplane!
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April 2006. A photo of St. EImo’s fire on a wing tip is given for May 3, 2006.
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5.22 High-voltage lines
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl
Walker, published by John Wiley & Sons, June 2006, ISBN 0-471-76273-3.

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

http://www.youtube.com/watch?v=9tzga6gAaBA Video of man doing repair work on a high-
voltage line while the line is live. He comes in a helicopter. Just watch the sparking.
http://www.youtube.com/watch?v=uEKbMMHAwmMO Similar video but shot from the ground.
http://www.glumbert.com/media/highpower Similar video
http://www.youtube.com/watch?v=eYUmdqQ94Ao0 Video of big flashover on power lines that
are weighted down with ice and snow

http://www.youtube.com/watch?v=WHSBph71GX8 Repeated arcing and then explosion on a
transformer.

http://www.youtube.com/watch?v=PWDsjch4XTs Flashover burns wood pole so badly that the
top falls over

http://www.youtube.com/watch?v=QdhExznMuME Flashover and explosion of a transformer
http://www.youtube.com/watch?v=DPvonY?2_kRY Flashover video
http://www.youtube.com/watch?v=xkuXMeW2TQ4 Video: the arcing and burning of a truck
after its crane has touched a power line

http://www.youtube.com/watch?v=-Q7gATVBEWS8 Video of sparks racing along power lines
during flashover
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http://205.243.100.155/frames/longarc.htm#Large LF ~ Photos and discussion, big sparks,
lightning

http://www.youtube.com/watch?v=CWHC6Twujdk Controlled arc on high-voltage line
http://www.howeverythingworks.org/pagel.php?QNum=1534 Bloomfield’s answser to why birds
on transmission lines are not killed.
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http://www.youtube.com/watch?v=nlL xhRwnFhag&mode=related&search= Hendrix “Hey Joe”
Photo
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5.49 Fizzing sound from a magnet
This item is discussed in the book The Flying Circus of Physics, second edition, by Jearl
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The material here is located at www.flyingcircusofphysics.com and will be updated
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