An example on error analysis

Consider a free fall experiment

Objective: measurement of g

Theory: d= l gt2
| ]
height falling
time
Simplification:

we neglect air friction.

Equipment:
for d: meter stick or measuring tape
for . stopwatch or smart timer

Measurement of d:

We measure the height with a meter stick or measuring tape.
These are analog equipment @
with instrument error: < 0.5 mm

But you need to judge where we measure.
This human error (uncertainty) could be

~ 3 mm.
.. measurement error of this datum R,
=13 mm. N\
The judgment is subject to fluctuation. 4 This is the
s correct d.

So it is a random error.

If you take this height as d, then you have
a systematic error & it is a real mistake.

Measuring tape
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Real mistake:
bent by student.

Measurement of ¢
We may use a stopwatch.
It is a digital equipment with instrument error < 0.01 s.

But you need to judge when we push the button.

.. There is human uncertainty (i,e., your reaction time)
~0.1-0.2s.

You push is always delayed & thus this is a systematic error,

which is also subject to random fluctuation.

To start stopwatch, we have systematic error + random error
to stop stopwatch, we have systematic error + random error.
= The measured ¢ has basically only the random error.

In order to avoid human uncertainty, we use a smart timer (a
digital device) to measure ¢ for this experiment.

The start & stop of the smart timer is triggered by a simple
mechanism. (Its detail is described in the user manual of the
smart timer available for download on PHY 2811 Web Page.)

The smart timer has
accuracy = 1 (1 least significant digit).

This is a random error.

The timer was calibrated by the manufacture so the systematic
error is negligible.

Human error ~ 0

Suppose the reading is 0.472% S.

the least significant digit

Then the measurement error = + 0.0001 s.
Your data should be 0.4723 £+ 0.0001 s.

This experiment is separated into two parts.

Part I: Distribution of data

Here we keep a constant falling height:
d=1.30040.003 m

& repeat measurements of 7.

‘We obtain a distribution of data:
the falling tine: t= ¢, t,, &5, ..., ¢

n
We can analyze data by Excel
as described in my Short Notes on Error Analysis.

The data file is available for download on PHY2811 Web
Page.

Plot histogram of data by Excel
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bin falling time (s)

The 15t bin 0.5145 is for data ranging from 0.5141 to 0.5145.
The 2" bin 0.5150 is from 0.5146 to 0.5150.

It should be a normal distribution if # is very large.

Normal/Gaussian distribution

2 0

(true standard deviation)
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What is experimental error?

Measure one data set (x, x,, X5 ...,).
Present your result as

xtox
N\

standard error Ox =

Meaning of dx :

If a data set is measured again,
there is 68% chance to get a new value of X
falling within the interval: ¥+ 0x

Principle of linear least square fit:

Given: n data points: (x,y,), i=1, 2,...n.
Trytofit y=ax+b

Assumptions: see Short Notes on Error Analysis.
a & b are obtained by minimizing

14

§=13(v,—ax, by
nio

=
This is done by Excel & 124
then we obtain
+ L1 t
a_é‘a 0.23 0.24 0.25 0.26 0.2
bxob Fig. 1 ¥

Present result for the free fall experiment:

t=1+65t
L. standard error St =

Result for this set of data by Excel analysis:
t=0.5161£0.0001 s

You can use other format: ¢=0.51610+0.00011 s

or t:0.5161i0.0T2% s

not recommended
Note:

(1) Keep only 1 or 2 significant figure(s) for error.

(2) The datum should have significant figures consistent with
its error.

Data analysis: to find g

The slope of the line in Fig. 1 is s = 4.84 £ 0.06 m/s2.

%[_J

‘ by regression (H15)) ‘

According to d = % gt’

the slope: s = lg
2
g =2(4.84)

=9.68 m/s?

\_

We need to calculate error before
we can determine the correct
significant figures

Part II: Free fall experiment

. 1,
To verify d= Egt ’ Table 1. Free fall data

we measure d Average ¢
as a function of d
& the result is listed in (m) s)
Table 1. 1.300 +0.003 |0.5161 + 0.0001

1.250 0.5058

1.200 0.4960

1.150 0.4850

f

+ should have correct significant figures
* should cover a large range

Error estimation

g=12s
By propagation of error: by regression
Sg Os 65 =0.06
g Se—
=1.2% | slope s =4.84 |
Significant figures:

|og=9.68x12% |

Hence g =9.68 £ 0.12 m/s?

9.7+ 0.1 m/s?
9.68 m/s2+1.2%

Now we verify the theory: d = % gt’.

Do not plot d vs ¢
because it is not a linear graph.

Always try to plot a linear graph, e.g., d vs 2
(Why not 2 vs d ?)

& perform a linear least square fit to the linear graph.

Compare the experimental result with expected value

The expected value of g in Hong Kong is 9.79 m/s2.

Difference = M x100%
9.

=1%
Conclusion:

Free fall equation is verified.

The measured value of g agrees with the expected value
within the experimental error (£1.2%).

The discrepancy is 1%.
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(Data Sheets are available for download in PHY 2811 Course Page).
You need to calculate error when you see £ sign in the Data Sheet.
Appendix: data sheet Name :
Date
PartI: Distribution of measurement

d= + m

Table 1. Distribution of free fall time 7

7 = sec
standard error = + sec
Result: 7= + sec

More examples: products from Taiwan:
Bad example: It should be 2.00 £ 0.03 kg or 2.00 kg + 1.5%.

Good example:

More example: 25.5°C 7??

* In 2006, the Electrical and Mechanical Services Department
of Hong Kong Government suggested a suitable room
temperature: 25.5°C.

» However the air conditioners in Hong Kong are usually
controlled in on-off mode & thus the temperature
fluctuation is quite large, at least > 1°C.

* Usually only integer temperature can be set and read.

» To make sense, the suggested temperature (if correct)
should be either 25 or 26°C.

» Temperature is not the only parameter that affects our
comfort.

H.K. Wong (CUHK 2009)

PHY 2811/2822 (E-3)




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


