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How Electromagnetism 
Is the Ghost in the Machine
THIS BOOK BEGINS with a quote from Arthur C. Clarke: “Any sufficiently advanced technology is indistinguishable from magic.” Well, 
we’re still not past the first chapter and it’s already time to  start the magic show. Like good magicians, electricity and magnetism—the twin 
powers of electromagnetism—hide what they are  doing. They mostly show the results—the rabbit coming out of the hat, not how it got 
into the hat. 

We can see the effects of magnetism on iron filings, refrigerator doors, and the giant generators that supply much of our energy, but 
we cannot see magnetism itself. It’s the silent partner in the electromagnetic spectrum.

We can see electricity in the form of lightning and sparks from   a shorting wall plug, and we can certainly feel electricity when static 
electricity (a build-up of surplus electrons) jumps from our fingers on a cold day. 

Combined, magnetism and electricity form the electromagnetic spectrum—the full  frequency range of the mysterious waves that 
permeate the universe. This partnership continues into other areas, where these conjoined energy ghosts form the basis for most of modern 
technology.

1 Electricity and magnetism cannot   survive without each 
other. The previous illustration shows how magnetic and 
electric fields cooperate in a boot-strapping operation that 
allows electromagnetic waves, such as light, radio, and 
heat, to travel through a vacuum.

2 Let’s start with the electro half of electromagnetism. In some atoms, 
such as copper and silver, the attraction is weak between the 
atoms’ core—a nucleus  made of positively charged protons—
and the negatively charged electron clouds in the  atoms’ outer 
layers. In such conductive materials it’s  possible for electrons 
to jump freely from one atom to another. This movement of 
electrons, which occurs only under the right circumstances, is 
electricity, and it travels at the same speed as light (another 
form of electromagnetism)—186,000 miles each second.

3 We apply three measurements when working with electricity: voltage, 
amperage, and resistance. It’s convenient  to think of voltage, or 
charge, as being like water pressure—how much power is behind 
electricity. Amperage, or amps, is the measure of how much electric-
ity is flowing through   wires, similar to how we measure the gallons of 
water that pass  through pipes. Resistance is how the material through 
which the electricity is flowing. In the  examples here, higher water 
pressure overcomes a clogged pipe, and doubling the voltage pushes 
through the same amount of current despite the addition of a resistor.

1

2

3 4 In some materials, such as rubber and glass, electrons 
are more closely bound to their nuclei and do not 
easily move from one atom to another. These noncon-
ductive materials  are  insulators. Still other materi-
als, such as silicon, can act as either conductors or 
insulators under different conditions. These  are semi-
conductors, an  important component of microchips 
and transistors.

5 When electricity 
moves through a 
wire, it creates a 
magnetic field that 
surrounds the wire. 
The magnetic field 
in a straight piece 
of wire is  too weak 
to pick up even the 
smallest iron filings.

6 Conversely, when a wire moves 
through a magnetic field, the interac-
tion creates an electrical current in the 
wire. Note that in order for either of 
these phenomena to work, the wire 
must be moving through the magnetic 
         field, or the magnetic field 
             needs to be collapsing or 
               expanding across the wire.

7 Both the magnetic fields caused by electricity moving through 
a wire and electricity created from magnetism can be made 
more powerful if the wires are wrapped around iron cores. 
Almost all electricity we use comes from generators, in 
which massive magnets surround equally massive coils of 
wire.  Water from a dam, or steam created by a nuclear 
plant or fuel-burning plant, spins the wire coil rapidly, creat-
ing a high-voltage alternating current that is transmitted 
via thick, low-resistance cables to electrical   substations 
throughout urban areas.

4

5

6

7

9780789749840_Ch01i.indd   12-139780789749840_Ch01i.indd   12-13 10/31/14   8:43 AM10/31/14   8:43 AM



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageDownsampleType /None
  /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 <<
    /ENU (RR Donnelley 2009 Standard for creating press quality PDF files.)
  >>
  /ExportLayers /ExportVisiblePrintableLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /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 true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        13.500000
        13.500000
        13.500000
        13.500000
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 30
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /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


