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Science students encounter multiple challenges with employment or upper-level courses thus
teaching them solid lab skills and analysis provide needed solid foundation. The lab for intro-level
Physics I and II must provide students with practical experience and laboratory skills that would
be further developed by upper-level courses. A new approach was instituted to provide meaningful
lab experience to students. This article will highlight the innovative methodology using open-
source tracker software and the online access to advanced data analysis accessible to students.
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1. Introduction

Science students face many challenges after graduation, thus teaching them useful lab skills
is a step to provided needed support. The laboratory sections of Physics I and II courses must
provide a student with the practical experience and initial laboratory skills that would be further
honed by upper-level courses such as data analysis.

2.Experimental Lab Design
We present the updated experiments and the innovative methodology that were introduced

with the use of the open-source Tracker software (https://physlets.org/tracker/) with additional
details available in [1]. This new methodology expanded the number of possible lab experiments,
and gives students tools to conduct advanced video analysis and data collection using any PC.

With that approach, the labs are now a progression that introduces skills in a sequence to
students, such as use of software for simple analysis, error analysis, making of a presentation and
others. The detailed table of the labs and skills they emphasize is provided in [2].

3. Data Analysis Tools

The data analysis starts using spreadsheet software (typically Excel) as it’s the most
available one. For the first few experiments, it is always possible to choose the variable that has
the error much larger over the other and plot it on y-axis. Then, using simple equations [2], get
the value of the y?/ndf. However, most experiments, specifically those that require high
precision (such as showing that Ohm’s law is not linear as the resistive wire heats up during
measurement), are deeply dependent on both x and y error bars, and proper analysis to be
conducted. Also, simple equations from [2] work only for the linear fit and are not very useful in
all the experiments such as capacitor charging and discharging. A reader might say that the data
can be linearized — yes, it can, and we do that. With the use of the tool that can fit properly the
simple exponential and custom function data, such fits can be compared, and the limitations and
specifics of the data linearization can be illustrated to students.
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Figure 1. Selection page for the Physics Plotting Tool.

For this purpose, the Physics Plotting Tool, a web-based simple interface to ROOT [3] has
been developed and made available to the public ( https://sos.clayton.edu/physics/chi2 ). The

website engine is written in python using pyRoot, and the viewer for the produced file is using


https://physlets.org/tracker/
https://sos.clayton.edu/physics/chi2
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JSRoot ( https://root.cern.ch/js/ ). An effort has been made to make the tool resilient to common

mistakes that student make in the data entry. The use of this tool can go beyond the intro physics
courses and be used in actual research such as [4] or [5] to reduce the time needed for the students
to start working with ROOT.

4. Physics Plotting Tool Description
Figure 1 shows the selection page of the Tool. The available options are to make a histogram
or a plot, and to convert equation written in LaTeX or MathText into image. A user is encouraged
to create the account so that the current session will be remembered and restored at the next login.
For the histogram and plot options, there are fields to enter the data and the field to choose
the fitting function (Figure 2). A familiar ROOT syntax is used here.
Enter the name of the fit function, such as: gaus, expo, landau, pol1, pol2, etc...
Or enter the equation for the fit, like [0+ [1], [0]*sin(*[11), [0T*(1-TMath:Exp(-3/[11)

with [0]. [1] etc being the fit parameters (must include at least one). TE1 reference, TMath reference

poll
Figure 2. Fitting function specification for the Physics Plotting Tool.

5.Conclusion and Future Plans
The Physics Plotting Tool has been a high success with students both in the introductory
physics labs as well as when starting research projects. Further development of the tool is planned.

Acknowledgements
This work was supported in part by: Affordable Materials grants #630 and #561, and

Continuous Improvement grant #M174, by the Board of Regents of the University System of
Georgia.

References

[1] Dmitriy Beznosko, Tatiana Krivosheev, Alexander lakovlev. Innovations in teaching of the Physics
and Astronomy laboratories. 41st International Conference on High Energy physics 368,
PoS (ICHEP2022) 368, 2022/7/6, DOI: 10.22323/1.414.0368

[2] Dmitriy Beznosko, Tatiana Krivosheev, Alexander lakovlev. Ultimate makeover for an introductory
physics lab, 38th International Cosmic Ray Conference 444 1597, 2023/7/25,
PoS (ICRC2023) 1597, DOI: https://doi.org/10.22323/1.444.1597

[3] Rene Brun and Fons Rademakers, ROOT - An Object-Oriented Data Analysis Framework, Nucl.
Inst. & Meth. in Phys. Res. A 389 (1997) 81-86.

[4] Dmitriy Beznosko, Keith Driscoll, Fernando Guadarrama, Steven Mai, Nikolas Thornton, Data
Analysis Methods Preliminaries for a Photon-based Hardware Random Number Generator,
arXiv:2404.09395,2024/4/15, https://doi.org/10.48550/arXiv.2404.09395

[5] Beznosko, D.; Aseykin, V.; Dyshkant, A.; lakovlev, A.; Krivosheev, O.; Krivosheev, T.; Shiltsev, V.;
Zhukov, V. Prototype Setup Hardware Choice for the DUCK System. Quantum Beam Sci. 2024, 8,
17. https://doi.org/10.3390/qubs8030017



https://root.cern.ch/js/
https://doi.org/10.22323/1.444.1597
https://doi.org/10.48550/arXiv.2404.09395
https://doi.org/10.3390/qubs8030017

	1.  Introduction
	2. Experimental Lab Design
	3.  Data Analysis Tools
	4.  Physics Plotting Tool Description
	5. Conclusion and Future Plans


<<

  /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 false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments 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

  /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 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

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /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

  /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 ()

  /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.)

    /HUN <>

    /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.)

  >>

  /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 [612.000 792.000]

>> setpagedevice



