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6.641, Electromagnetic Fields, Forces, and Motion
Prof. Markus Zahn
Lecture 3: Electroquasistatic and Magnetoquasistatic Fields and Boundary
Conditions

I. Conditions for Electroquasistatic Fields

A. Order of Magnitude Estimate [Characteristic Length L, Characteristic
time 1]

E
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@ Figure 3.3.1 Prototype systems involving
/ one typical length. (a) EQS system in
H frie Y which source of EMF drives a pair of
\C perfectly conducting spheres having radius
and spacing on the order of L.
(a)

Courtesy of Hermann A. Haus and James R. Melcher. Used with permission.
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B. Estimate of Error introduced by EQS approximation

Figure 3.3.2 Plane parallel electrodes
having no resistance, driven at their outer

edges by a distribution of sources of EMF.

Courtesy of Hermann A. Haus and James R. Melcher. Used with permission.
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Figure 3.3.3 Parallel plates of Figure

KA . K 3.3.2, showing volume containing lower
| plate and radial surface current density at
its periphery.

Courtesy of Hermann A. Haus and James R. Melcher. Used with permission.

V2
F="=s z = d
® i* P Figure 3.3.4 Cross-section of system
Lo 7= () shown in Figure 3.3.2 showing surface and
—r — contour used in evaluating correction E

—Db field.

Courtesy of Hermann A. Haus and James R. Melcher. Used with permission.
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If b« 100m EQS approximation is valid.

II. Conditions for Magnetoquasistatic Fields

(by MQS system consisting of perfectly
conducting loop driven by current

= — source. The radius of the loop and -
i diameter of its cross-section are
{b) on the order of L.

Courtesy of Hermann A. Haus and James R. Melcher. Used with permission.
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Figure 3.4.1 Range of characteristic times
over which quasistatic approximation

is valid. The transit time of an
electromagnetic wave is Tem while 77 is a
time characterizing the dynamics of the
quasistatic system.

Courtesy of Hermann A. Haus and James R. Melcher. Used with permission.

6.641, Electromagnetic Fields, Forces, and Motion
Prof. Markus Zahn

Lecture 3
Page 4 of 12



III. Boundary Conditions

1. Gauss’ Continuity Condition

+  F a

I'I'GQ{EQ_Ed:G

dS = —ndS

Figure 2-19 Gauss's law applied to a differential sized pill-box surface enclosing some
surface charge shows that the normal component of ¢,E is discontinuous in the surface
charge density.

Courtesy of Krieger Publishing. Used with permission.

$e,E+da=[0,dS =g (E,-E,)dS = 0,dS
S S

& (Ey -Ey) = 0, :n-[so (EZ —El)}= o,

2. Continuity of Tangential E

nx(E; —E4)=0

(a)

Figure 3-12 (a) Stokes' law applied to a line integral about an interface of dis-
continuity shows that the tangential component of electric field is continuous across
the boundary.

Courtesy of Krieger Publishing. Used with permission.
$E-ds=(E, -E,)dI=0=E, -E, =0
C

nx (El - EZ) =0

Equivalent to ®, = ®, along boundary
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3. Normal H

¢u0 H.da=0
5

4. Tangential H

959 .ds = j dij E.da

Surface current K out nx[H, -H,]=K
of page (amp/meter) °
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6. Electric Field from a Sheet of Surface Charge

a. Electric Field from a Line Charge

bl ==

shown above.

An infinitely long uniform distribution of line charge only has a radially
directed electric field because the z components of the electric field are
canceled out by symmetrically located incremental charge elements as
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b. Electric Field from a Sheet Charge
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(a) The electric field from a uniformly surface charged sheet of infinite extent is found by summing the contributions from
each incremental line charge element. Symmetrically placed line charge elements have x field components that cancel, but
y field components that add. (b) Two parallel but oppositely sheets of surface charge have fields that add in the region

between the sheets but cancel outside. (c) The electric field from a volume charge distribution is obtained by summing the
contributions from each incremental surface charge element.
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Checking Boundary condition at y=0
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7. Magnetic Field from a Sheet of Surface Current
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A uniform surface current of infinite extent generates a uniform magnetic field oppositely directed on
each side of the sheet. The magnetic field is perpendicular to the surface current but parellel to the
plane of the sheet. (b) The magnetic field due to a slab of volume current is found by superimposing
the fields due to incremental surface currents. (c) Two parallel but oppositely directed surface current
sheets have fields that add in the region between the sheets but cancel outside the sheet. {(d) The force
on a current sheet is due to the average field on each side of the sheet as found by modeling the sheet
as a uniform volume current distributed over an infinitesimal thickness A.

From a line current I

I
H, =—
" 2nr
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Thus from 2 symmetrically located line currents
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Check boundary condition at y=0:

He(y=0,)-H,(y=0_)=-K,

Ko (Ko} g,
2 (2

6.641, Electromagnetic Fields, Forces, and Motion Lecture 3
Prof. Markus Zahn Page 12 of 12



	Untitled


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


