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Abstract

When teaching voltage the traditional approach is based on the concept of energy and lacks
any inclusion of surface charges which are present when ever a voltage can be measured
within an electric circuit.

Shortcomings of this approach are demonstrated and ideas for improvement are discussed.

The traditional approach for introducing voltage

When treating the electric circuit on lower secondary level, the term voltage is usually intro-
duced as cause for the flow of electrons. Most classroom activities on this level are focused
on Ohm’s law and the rules about serial and parallel circuits (Kirchhoff’s laws). In relation
to this rather non-problematic approach the situation changes completely when the concept
“voltage” is treated on higher level - in German gymnasiums usually at grade 12.

At this level first the electric field E is introduced and defined as E = F/q. This is followed
by the definition of the potential of a point A as energy E (with respect to infinity) per unit
charge (V=E/q) and finally the term “voltage between A and B” is defined as potential dif-
ference, equal to the amount of energy E which is needed or provided if a unit charge q is
moved from A to B (AV=AE/q).

Shortcomings

This highly abstract and mathematically elegant approach sets aside any causal mechanism
which could explain the flow of electrons within electric circuits.

To prove this statement we developed a test about simple electric circuits which we present-
ed to high school and university students and even to physics teachers.

Typical examples of the posed test questions are the following:

Item 1
o A voltage or potential difference is measured between two points A and
B along a resistive wire, which is connected to a battery and therefore

caries an electric current.
Q Is there any difference in the physical state of the wire at cross section A

> and B which relates to the difference in potential and could be seen as
- cause for the small current through the volt meter?

Item 2
In an electric circuit with a branching point, the current is split up at the branching point ac-
cording to the resistors within the different parallel branches.
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A wires at the cross sections A, B and C, adjoining
\ |- B the branching point from different sides, which can
>c explain the correct splitting of the stream of elec-
trons?
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Item 3

If a uniform curvilinear resistive wire of constant diameter carries an electric current, the
electric field within the wire, which is driving the current, is constant and always directed
parallel to the axis of the wire, whatever be the curvature of its bending. What is the cause
for this fact, which seems to be in contradiction with Coulomb’s law, stating that the elec-
tric field around a charge carrier is depending on distance?

field lines

él‘eptric fiéld of a
charged sphere

electric field within a curved conductor
carrying an electic current

The answers to these and other similar questions can be found if an electric circuit is not
only seen as a system of especially arranged electric currents but also as a capacitor,
formed by the surfaces of its conductors. These surfaces will be charged whenever a cur-
rent is flowing and the resulting surface charge densities - and only these - can explain the
effects described above.

A knowledge, based only on the definitions of electric field, energy, potential and potential
difference does not supply any hint for an explanation.

Since practically no student had been told about surface charges in relation to electric cur-
rents, we found that practically nobody - and even only a few physics teachers - could give
any satisfying answer to the items in our test.

The existence of surface charges are mentioned in some text books ([1] as example). How-
ever these charge densities are rather small under normal dc and ac conditions and hard to
measure. Since they do not intervene with the traditional mathematical treatment, based on
energy considerations, they are practically always left aside.

The following questions remain:

Is the exclusion of the underlying causal mechanism and the exclusive treatment of energy
considerations sufficient for the majority of our students or is this abstract approach only
suited for highly talented students?

Can we improve the learning results for the majority of our students (in the field of electric-
ity) if a substantial part of the teaching time is devoted towards an explicit treatment of sur-
face charges and its distribution among the different parts of an electric circuit.

New approaches and materials

In the literature quite a few references are found [2-8] where the existence of surface charg-
es is stated as being essential for a full explanation of the electric circuit. Even a full course
has been developed by Chaby and Sherwood, where surface charges are treated extensively
as causal mechanism to explain ,,how electric circuits actually work® [9]. Recently a new
book about the existence of surface charges has been published, where the density of sur-



face charges in electric circuits has been treated mathematically for a series of geometrical
arrangements. In the appendix of this book a paper of Weber, published in 1852, where a
calculation of surface charges on a ring, carrying a steady current.
This early knowledge, however, got lost. The actual situation in respect to electricity cours-
es seems to be hardly effected by these ideas. In practically all modern text books for high
school and university physics students - at least in Germany - voltage is still introduce as
potential difference with no hint about the underlying causal mechanism, related to surface
charges.
Such a conservative attitude could be defended if the reached learning results would be suf-
ficient. Numerous private interviews and the answers of students who were confronted with
our test questions, mentioned above, indicate that the concept of voltage remains one of the
least understood concepts in the domain of electricity.
To improve this non-satisfying situation, the following hypothesis should be tested.

» 1. The concept of voltage is regarded as a basic one in the field of electricity and this

field is regarded as an essential one in classical physics.

» 2. A substantial part of students fail to understand this concept.

+ 3. This negative learning experience in respect to such a highly respected topic has a far
reaching negative influence on many students in respect to their future attitudes to-
wards physics and interests in physics.

* 4. A new course in the line of the Chabay/Sherwood example, enriched with more visu-
al help in the form of computer generated animations and adequate computer simula-
tions, will result in successful learning experiences for a substantially larger number
of students than found today.

Some first examples of such computer based supportive materials and ideas for further de-
velopments will be demonstrated and discussed.

References

[1]  A. Sommerfeld, Electrodynamics (Academic press, New York, 1952), 125-130

[2] A. Marcus, The electric field associated with a steady current in a long cylindrical
conductor, American Journal of Physics, 9, 225-226 (1941)

[3] O. Jefimenko, Amer.J.Phys.30, 19-21(1962),

[4] W.G.V. Rosser, What makes an electric current flow, American Journal of Physics,
31, 884-885 (1963)

[5] H. Hartel, The electric voltage: What do students understand? What can be done to
help for a better understanding? In: Duit, R. (ed.); Jung, W. (ed.): Rhoneck, C. von
(ed.): Aspects of Understanding Electricity. Proceedings of an International Work-
shop. IPN-Arbeitsberichte 59. Kiel: IPN, 353-362, (1985);
http://www.astrophysik.uni-kiel.de/~hhaertel/PUB/voltage IPN.pdf

[6] H. Hértel, A Qualitative Approach to Electricity. Palo Alto: IRL, IRL Report. IRL 87-
0001, (1987); http://www.astrophysik.uni-kiel.de/~hhaertel/PUB/voltage IRL.pdf

[7] H. Hartel, Spannung als Ladungsunterschied, Naturwissenschaft im Unterricht Physik/
Chemie, Heft 31, 36-38, (1988)

[8] W.R. Moreau, Charge distribution on DC circuits and Kirchhoff’s laws, European
journal of physics 10, 286-290 (1989)

[9] R. Chabay, B. Sherwood, Matter and Interaction, Volume II: Electric & Magnetic In-
teraction, John Wiley (2002)

[10] A. Koch Torres Assis, J. Akashi Hernandes, The Electric Field Outside Resistive
Wires Carrying Steady Currencts; http://www.ifi.unicamp.br/~assis/ftp/eout2.pdf




<<
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


