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Robert Jemison Van de Graaff, in 1931, filed a patent for an electrostatic generator unlike
anything the world had ever seen. His generator, unlike those before it, was capable of producing
750,000 easily usable volts (Encyclopaedia Britannica 2011, 188). The goal of this project was to
construct a generator similar in design and principle to Dr. Van de Graaff’s machine. A diagram
of the completed generator can be seen below. Van de Graaff generators are relatively simple
devices. They most basically consist of two rollers made of different materials, a dielectric belt, a
conducting spherical terminal, two metal combs and a driving motor. The two driving principles

of every Van de Graaff generator are triboelectricity, and corona discharge.
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The triboelectric effect is what causes one’s hair to stand on end after being rubbed by a
balloon. When two materials come into contact with each other, they form chemical bonds.
When they are removed from each other, those bonds are broken, but a net exchange of electrons
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takes place between the materials (Moore 1995, 26). How many electrons and which material
experiences the net increase depends on the relative positions of the two materials on the
triboelectric scale. On the negative side of the scale lie materials such as Teflon and vinyl, while
on the positive side of the scale lie materials like human skin, glass and animal fur. A relatively
negative material, and relatively positive material, when brought into contact with each other,
will become negatively and positively charged, respectively (Whitaker 2007, 154). In a Van de
Graaff generator, as the belt comes in contact with the bottom roller, made of plastic, the roller
becomes positively charged, and the belt becomes insignificantly negatively charged. After some
length of operation the bottom roller develops a relatively strong positive charge, which causes a

corona discharge at the bottom comb.

Corona discharge, famously responsible for terrifying many a sailor as “St. EImo’s Fire”,
is the other driving principle of every Van de Graaff generator. When a relatively strong negative
charge exists on a conductor, any oxygen molecules that come near it are ripped apart into
electrons and positively charged oxygen molecules. The electrons are repelled from the
negatively charged surface and collide with other oxygen molecules, knocking their electrons
free. This creates plasma at the surface of the conductor (Moore 1995, 147). The bottom comb in
the Van de Graaff generator is made of metal, which, as a conductor, allows its electrons to move
about freely. The strongly positive roller attracts the electrons in the metal comb, and the
electrons move to the tips of the comb. Eventually the concentration of electrons at the tips of the
comb is so strong that it causes a corona discharge. Meanwhile, the free electrons in the plasma
created by the corona discharge are attracted by the roller, but stick to the belt on their way there.

The positively ionized oxygen is attracted to the comb, gains electrons, and the whole process



repeats itself (Beaty). A Van de Graaff generator needs oxygen to operate; if in a vacuum, the

Van de Graaff generator will not induce a charge on the conductor.

The belt carries the electrons from the bottom of the apparatus to the top roller, which is
covered in foil, and therefore neutral. Something similar to what happened at the bottom roller
happens here. The electrons on the belt repel the electrons in the upper comb, exposing positive
atomic cores. The air becomes ionized between the belt and the comb; the electrons rush onto the
comb, and the positive oxygen molecules are attracted to the belt. The electrons on the comb are
placed on the conducting terminal, while the oxygen molecules cancel out the belt’s negative

charge (Beaty).

Van de Graaff generators can be adversely affected by many different things. Anything
that prevents contact between the surface of the belt and the surface of the rollers will cause the
generator to cease to produce charge. Oil from human skin, dust, and moisture all will interfere
with contact generation. Before operation it is advisable to wipe the belt and rollers with rubbing
alcohol to remove dust and grease. Corona discharge, although integral to the operation of a Van
de Graaff generator, can also be its bane. If the spherical conductor has sharp edges or even
scratches on its surface, charge will leak out and cause the Van de Graaff generator to be much
less effective (Ford 2001, 92). Humidity will cause the voltage produced by a Van de Graaff
generator to fall significantly; the water in the air will cause insulating surfaces to behave like

conductors.

Van de Graaff generators are electrostatic generators that rely on the triboelectric effect,
corona discharge, to operate. When working properly and under the right conditions, they can

produce static charges of tens of thousands of volts.



Works Cited:

Beaty, Bill. "Van de Graaff Machine, Belt and Rollers." Science Hobbyist, Accessed November
27, 2011. http://amasci.com/emotor/belt.html.

Encyclopaedia Britannica Inc.. The Britannica Guide to Particle Physics, 1st ed., 188. New
York: Britannica Educational Publishing, 2011.

Ford, R. A. Homemade Lightning, 3rd ed., 92. New York: McGraw-Hill, 2001.

Moore, Aurthur D. Electrostatics, 2nd ed., 26. Laplacian Press, 1995.

Whitaker, Jerry C. AC Power Systems, 3rd ed., 154. Boca Raton: CRC Press, 2007.

Acknowledgements:

Thank you to Dr. John Stewart for the engaging lectures every day, and for the use of
your “Electrostatics” book. I enjoy your class very much. If it wasn’t insanity, I would like to
double major. Thank you to Ms. Kathleen Lehman for assisting me in finding some great
resources. Thank you to investors Richard and Ruth Heckmann for making this project possible,
and a special thanks to Richard Heckmann for the use of his tools and workspace. And thank you
to my savior Jesus Christ for giving me strength and perseverance throughout this project.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


