
After I finished my PhD, I accepted a position at an insti-
tute called the Combustion Research Facility. As I was a
laser physicist and had never done any formal coursework
on combustion, I enrolled in a course there to catch up.

During one of the first classes, I learned that fires can
propagate in a variety of ways. One of the most common is
diffusion – a well-known, very slow, random process.
Another is advection, in which the burning material flows
en masse, like water in a river. Finally, there is convection,
which is a combination of diffusion and advection. And,
of course, the extreme case of very fast advection is an
explosion, in which the flow is so fast that only an action-
movie star can outrun one (and then, of course, only in
movies). Indeed, I learned in class that during the blaze
that struck the MGM Grand casino in Las Vegas in 1980,
fire propagated via extremely fast advection through the
main casino at a speed of greater than 5 ms–1. Victims were
found still holding their cards in their hands.

That weekend, to help rid my mind of that grisly image,
my wife Linda and I went to see a movie called
Moonstruck. It was a very popular movie, and by curtain
time the movie theatre (as we call it on this side of the
Atlantic) was packed. We were, however, able to find
great seats right in the centre of the theatre.

Moonstruck is about the travails of an Italian family in
the US. Unfortunately, as an American who is himself
half-Italian, I’d seen it all before and was utterly bored. I
found myself looking around the theatre, admiring its
sconces, curtains and exit signs – all of which, alas, I’d also
seen before.

Then I looked moonward and was quickly struck by
something I had not seen before: the theatre was rapidly
filling with smoke! The upper few metres of the theatre
were already thick with it, and more was rushing in. Worse,
because everyone else in the theatre was absolutely
enthralled by the critically acclaimed movie, not a single
other audience member seemed to be aware of the dis-
turbing fact that the theatre was on fire.

What to do? I vaguely remembered reading something
years earlier about yelling “Fire!” in a crowded theatre.
Indeed, had I taken any history courses, I might have
learned that individuals falsely yelling “Fire!” in crowded
theatres have caused mass panics resulting in numerous
deaths on several occasions. And had I taken any law
courses, I might have learned that the hypothetical exam-
ple of falsely yelling “Fire!” in a crowded theatre has
played an important role in legal discussions of free speech
for almost a century, and is frequently cited as an obvious
example of an occasion when one should not have the
right to unfettered free speech.

But what if there is an actual fire? The legal texts aren’t
so clear on that one. And in that intense moment, my mind
was even less clear. Had I taken any acting courses, I might
have quickly come up with a brilliant James Bond-style
action-hero plan. But we physicists are trained to think
carefully and methodically, not impulsively and heroically.
On the other hand, action heroes are, of course, fictitious,
and in reality the best plan actually always results from
detailed knowledge of the situation. And that I had.

My new-found combustion-propagation knowledge
quickly kicked in. Yelling “Fire!” seemed sure to gener-
ate an information explosion and an analogous panic-

filled human explosion – and almost certainly a highly
undesirable, trample-filled result. But allowing the infor-
mation to slowly and randomly diffuse through the the-
atre could be even worse because the fire could itself
explode at any moment, as at the MGM casino. What I
really needed was for the information to convect at a rea-
sonable speed through the theatre, and we humans to then
convect out of it. But how to accomplish this?

There wasn’t a lot of time to think about it. Winging it,
I quickly whispered to Linda, as calmly as I could, “The
theatre is filling with smoke. We need to leave. Could you
quietly whisper this to the people sitting next to you?” She
did so, remaining unruffled, and we did the same to every-
one we walked past on our way out.

The result was that the information convected almost
perfectly radially outward through the theatre, propagat-
ing to the far reaches of the densely packed crowd in about
a minute. Within another minute, everyone had calmly
convected out of the theatre after us. I’ve never seen a
more peaceful, orderly emptying of a crowded theatre.

A theatre employee whom we enlightened as we
emerged called the local fire department, which quickly
arrived and put out the fire. It had occurred near the the-
atre’s air-conditioning unit, which had advected the smoke
into the theatre. Fortunately, aside from the smoke, the
fire hadn’t actually affected the theatre itself, so, once the
smoke was advected out of it, we were all allowed to con-
vect back in to watch the remainder of the movie.

Now, I certainly do not begrudge Cher the Oscar she
won for her role in Moonstruck, but, as I watched its con-
clusion, it didn’t get any more interesting to me, and I’ve
long since forgotten its story. But the concepts of diffu-
sion, advection and convection are forever burned into
my memory.

Rick Trebino is a physicist at Georgia Tech in Atlanta, US, e-mail
rick.trebino@physics.gatech.edu
● Readers are invited to submit their own Lateral Thoughts. Articles
should be 900–950 words long, and can be e-mailed to pwld@iop.org
● Congratulations to Andrew Palfreyman of San Jose, California, who
wins £100 in our Quiz of the Year 2011. See p23 for answers to the quiz
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We physicists
are trained to
think carefully
and
methodically,
not impulsively
and heroically

iS
to

ck
ph

ot
o.

co
m

/s
ve

ng
in

e

physicsworld.comLateral Thoughts: Rick Trebino

60 Physics World  February 2012

PWFeb12lateral-2  18/1/12  12:28  Page 60



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[Press Quality]'] Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /WorkingRGB
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


