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INTRODUCTION

During our work we combined the IBL‐method with the
opportunities provided by computer‐aided experimentation. Our
hypothesis was that by linking methods popular among students
we can increase the popularity of science subjects, develop
time‐efficient experiments that help teaching, and allow the
students to have a direct experience of phenomena that we
have only been able to show them on videos before.
The applied method strengthens the relationship between the
school subjects of physics, information technology and
mathematics, thus students with diverse interests may
experience success during the measurements.

METHODS

The students used a self‐developed software environment.
At the beginning they carried out a guided inquiry with detailed
instructions, then the guided inquiry gradually turned into an
open discovery activity.
Our primary aim was to see whether the system could be
applied in a real educational environment, thus we tested our
tasks with small groups.

Students’ task:

With the help of a ruler transformed into a picket fence and a
photogate, students observe how the speed of the free falling
body changes.
The students can determine how long it takes a black line to pass
by the sensors of the gate. With the help of a built‐in level
crossing function they can also define the quasi‐instantaneous
speed. By exporting their measurement results into a
spreadsheet program they can examine the distance vs. time
and speed vs. time graphs.

Students’ task:

With the help of the available aluminum rail, cars, weights and
photogates students observe the collisions. They prepare a plan
of the implementation of the experiment and also carry it out.

In the first series the masses of the stationary and the moving

cars were the same, while in the second series the mass of the

moving car was the double of that of the stationary car. (*, **:

The mass of the cars was taken to be a unit, i.e., the mass is to

be understood as having an arbitrary unit, while momentum in

mass‐unit multiplied by meter/second.) (measured by Ágnes

Nemes)

Using an ammeter we introduced variable direct current into a

1200‐turn coil. Using plasticine as adhesive, we attached a Hall‐

sensor to the end of the coil. The table shows the Hall voltage as

a function of the current intensity in the coil.

The practical applications of the Hall‐

sensor include the measurement of

distances, detection of position and the

measurement of rotational speed. The

working of the latter can be modelled by

an easily arranged setting: we can

measure the rotational speed of a direct

current motor as a function of voltage.

Hall of voltage

STUDENT EXPERIMENTS

Free falling bodies

The line laid on the first graph shows that the value of g is
9.88m/s, which indicates a measurement with an error below
1%. The squared relationship between distance and time is
clearly seen on the distance by time graph.

Ruler transformed 
into a  picket fence 
and a photogate

One of the advantages of the experiment is that students can
turn their attention from drawing the graphs by hand to the
observation of the phenomenon and the interpretation of the
results.

Voltage‐time diagram of the photogate: 
built‐in level crossing function for 

measuring speed
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Velocity‐time graph of a free falling 
body (measured by Jakab Mayer)

Quadratic displacement ‐time graph 
of a free falling body (measured by 

Jakab Mayer)

Collisions

Our ninth graders were not familiar with the concept of
momentum when they started doing the work, therefore their
task was a structured experiment (they knew the tools of the
measurement and the process but they did not know the
expected result). The teacher’s aim is to make the students
discover the notion of momentum and the law of conservation
of momentum.

Besides the photo taken during the
measurement we show the result of a
series of measurements below.

Pendulum motion
Students’ task:

When we first discussed the pendulum in our

study circle our ninth graders were already

familiar with the concept of energy, but of the

periodical movements they had only met

rotary motion. Besides the already known

measurement instrument the students neither

got any instructions on how to explore the

behavior of the unknown tool, nor did they

know what result to expect at the end of their

experiments.

It was a typical open‐ended inquiry situation, a higher level

realization of IBL: besides the measurement program a

photogate, a stand, strings and a set of weights were available

to the students. Their task was to explore the movement of the

pendulum as thoroughly as possible.

The more unusual results of the experiments:

We made it possible for the students to examine the

relationship between the duration of the swing and the mass of

the pendulum.
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The verification of the conservation of mechanical energy in the

case of the pendulum: the square of the speed measured at the

lowest point of the pendulum as a function of the starting

height.

(The trend line tends towards the pole. The direct

proportionality among the examined quantities is clear, i.e..

h~v2.)

The figure shows that ‐ in line with our expectations ‐ the

students did not manage to find the relationship between the

examined quantities.
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I [A] 0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45 0,5 
U [V] 2,504 2,5 2,495 2,49 2,485 2,48 2,474 2,468 2,463 2,458 2,453 

In addition to putting together the experimental equipment, it

was also the student’s task to plan and implement the

measurement. The ninth grader’s observation about motors, –

that beyond the minimal voltage necessary for the start the

rotational speed can be controlled by changing the voltage ‐ may

come useful later, during the planning phase. The processing of

the data helped the student to improving his data processing

skills and his ability to interpret the results.

The measurement data corroborate the hypothesis that the

intensity of the induction of the solenoid magnet is directly

proportional to its current intensity. Without the computerized

measurements this relationship could not be demonstrated in a

secondary school.

Testing the magnetic field of 
the coil.

Hall voltage as a function of the electricity of the
coil.

Measuring rotational speed 
with Hall-sensor

Our measurement practices combine the IBL‐method with the

application of computerized measurements. Several experiments

that – in the absence of suitable equipment ‐ could not even be

demonstrated at school before have now become measurement

practice exercises for students. Our students gladly work with

these tasks, many of them have chosen research careers, and

take part in independent experimental projects as secondary

school students.

Hall‐sensor for measuring 
rotational speed 

Changes in Hall voltage at a given motor 
voltage – using the level crossing 

function, we can determine cycle time

Cycle time of direct current motor as 
a function of motor voltage (data by 

Moric Kiraly, 9th grade)

Kopasz, K., Makra, P., Gingl, Z. (2013). Student Experiments and

Teacher Tests Using Edaq530. Acta Didactica Napocensia,

6(1), http://adn.teaching.ro/

Kopasz, K., Makra, P. & Gingl, Z. (2011). Edaq530: a transparent

open‐end and open‐source measurement solution in natural

science education. European Journal of Physics, 32(2), 491‐

504.

CONCLUSIOINS

REFERENCES

Questions? Comments?
Please let me know!
Ms. Katalin Kopasz, University of Szeged (Hungary)
kopaszka@titan.physx.u‐szeged.hu



<<
  /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 true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /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 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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /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 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 (None)
  /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.)
    /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.)
    /HUN <>
  >>
  /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 [2383.937 3370.394]
>> setpagedevice


