
Summary of Class 15 8.02 Wednesday 3/9/05 / Thursday 3/10/05 

Topics: Magnetic Fields: Creating Magnetic Fields – Biot-Savart 
Related Reading: 

Course Notes (Liao et al.): Sections 9.1 – 9.2 
Serway and Jewett: Sections 30.1 – 30.2 
Giancoli:   Sections 28.1 – 28.3 

Experiments: (6) Magnetic Force on Current-Carrying Wires 

Topic Introduction 
Last class we focused on the forces that moving charges feel when in a magnetic field. 
Today we will extend this to currents in wires, and then discuss how moving charges and 
currents can also create magnetic fields.  The presentation is analogous to our discussion of 
charges creating electric fields. We first describe the magnetic field generated by a single 
charge and then proceed to collections of moving charges (currents), the fields from which 
we will calculate using superposition – just like for continuous charge distributions. 

Lorenz Force on Currents 
Since a current is nothing more than moving charges, a current carrying wire will also feel a G G G
force when placed in a magnetic field: F = IL × B (where I is the current, and L is a vector 
pointing along the axis of the wire, with magnitude equal to the length of the wire).   

Field from a Single Moving Charge 
Just as a single electric charge creates an electric field which is proportional to charge q and 
falls off as r-2, a single moving electric charge additionally creates a magnetic field given by G x ˆG µ q v roB = 24π r 
Note the similarity to Coulomb’s law for the electric field – the field is proportional to the 
charge q, obeys an inverse square law in r, and depends on a constant, the permeability of 
free space µ0 = 4π x 10-7 T m/A. The difference is that the field no longer points along r̂ but 
is instead perpendicular to it (because of the cross product).   

Field from a Current:  Biot-Savart Law 
We can immediately switch over from discrete charges to currents by replacing q v G with Ids G : 

G µ I ds r  G x ˆ odB = 24π r 
This is the Biot-Savart formula, and, like the differential form of Coulomb’s Law, provides a 
generic method for calculating fields – here magnetic fields generated by currents.  The ds in 
this formula is a small length of the wire carrying the current I, so that I ds plays the same 
role that dq did when we calculated electric fields from continuous charge distributions.  To 
find the total magnetic field at some point in space you integrate over the current distribution 
(e.g. along the length of the wire), adding up the field generated by each little part of it ds. 

Right Hand Rules 
Because of the cross product in the Biot-Savart Law, the direction of the resulting magnetic 
field is not as simple as when we were working with electric fields.  In order to quickly see 
what direction the field will be in, or what direction the force on a moving particle will be in, 
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we can use a “Right Hand Rule.” 
unique, right hand rule. 

Using your RIGHT hand: 

1) wrap 
your fingers in the direction of current. 

µ of the coil). 

1 

2 

3 

Wednesday 3/9/05 / Thursday 3/10/05 

At times it seems that everyone has their own, 
Certainly there are a number of them out there, and you 

should feel free to use whichever allow you to get the correct answer.  Here I 

The important thing to remember is that cross-products yield a result which is 
perpendicular to both of the input vectors.  The only open question is in which of 
the two perpendicular directions will the result point (e.g. if the vectors are in the 
floor does their cross product point up or down?).  

For determining the direction of the dipole moment of a coil of wire:  
Your thumb points in the direction of the 

North pole of the dipole (in the direction of the dipole moment 

describe the three that I use (starting with one useful for today’s lab). 

2) For determining the direction of the magnetic field generated by a 
current: fields wrap around currents the same direction that your 
fingers wrap around your thumb.  At any point the field points tangent 
to the circle your fingers will make as you twist your hand keeping 
your thumb along the current. 

3) For determining the direction of the force of a field on a moving 
charge: open your hand perfectly flat.  Put your thumb along v and 
your fingers along B. Your palm points along the direction of the 
force. 

Important Equations G G G  
F L B= IForce on Current-Carrying Wire of Length L:  ×


GG G
 G
µ x ˆ o q v r  x ˆs rI d  
π 
µodB 
4π

Biot-Savart – Field created by moving charge; current: B 
4 

;
=
 =
2 2r r 

Experiment 6: Magnetic Force on Current-Carrying Wires 
Preparation: Read lab write-up. 

In this lab you will be able to feel the force between a current carrying wire and a permanent 
magnet.  Before making the measurements try to determine what kind of force you should G  G G

F L
×
B and= Ifeel. For straight wires the easiest way to determine this is to use the formula 
to determine what direction the field is in remembering that the permanent magnet is a 
dipole, creating fields which loop from its North to its South pole.  For a coil of wire, the 
easiest way to determine the force is to think of the coil as a magnet itself.  A coil of wire 
creates a field very much like that you measured last time for the Earth and the bar magnets.  
In fact, we will treat a coil of wire just like a dipole.  So to determine the force on the coil, 
replace it in your mind with a bar magnet (oriented with the N pole pointing the way your 
thumb does when you wrap your fingers in the direction of current) and ask “How will these 
two magnets interact?”   

Summary for Class 15 p. 2/2 



<<
  /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


