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Types of Errors

- Mistakes —data can be thrown out

- Scale—theerror from reading the measuring
scale

- Replicate—theerror from the scatter of
multiple analyses

- Propagated —the error generated in a
calculated result
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Replicate Analysis Error

- Systematic — inherent in procedure and can
be controlled

- Random — cannot be controlled
1. Datatakesshapeof Gaussian error curve

2. Best estimate of truevalueistheaveragex

3. Thestandard deviation I1sa measur e of the
scatter or precision of the data

Treatment of Errors Slide 2



For alarge number of data pointsin a
replicate analysiswheretheerror is
controlled by randomness, 68% of the
measurements would lie within one
standard deviation (s) of the average (x).

4. Thestandard deviation isa measur e of
scatter among single measur ements. We
actually need to know how much the
average (x) might be expected to vary if we
repeated our experiments and obtained new
data. Thisiscalled the standard deviation of
the mean and isgiven the symbol s,. It Is
equal to the standard deviation divided by
the squareroot of the number of data pts.
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5. Thestandard deviation of the mean isalso
called the“standard error”. It can be
obtained from the Analysis Toolpak In
Excel. The Toolpak must beinstalled asan
Add-in under “ Excel options’. It then
residesin the Excel 2007 ribbon under the
“Data”’ tab. Select “ Descriptive Statistics’
In the Analysis Toolpak, select the cells
containing your data, and generatethe
standard error.
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6. S, I1ssmaller than the standard deviation
Itself because it isthe predicted standard
deviation of the x valuestaken from an
Infinite number of data sets.

/. Thebest estimate of the“truevalue’ of a
set of replicate analysesisthe average + s,
unlessthescaleerror or propagated error is
greater.

8. Report s, to 1 sf and round off the
aver age to the same place value asthe place
value of thelast sf In s,,.
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Scale Errors

|f the scale error of each measurement isgreater
than s, then report the best value of areplicate
series of analysesasx + scaleerror. Round off
the averageto the same place value asthe scale

error sf.
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Rejection of Data

For data pointsthat appear to be obvious
mistakes you can regect the data point if the
following criteria holds

Q Test

‘xq — xn‘

Q= w
Xq = questionable point
X, = nearest neighbor

w = spread of data
If Qexp > Qrap then rgect the point
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Q Values for 90% Confidence Level
Y ou can use any reasonable confidence level as

long as you specify the confidencelevel. Having
a Qexp > Qrap at the 90% confidence level means

that it Is90% likely that the examined point is
not a member of the data set.

Number of Q
points

4 0.76
5 0.64
6 0.56
7 0.51
8 0.47
9 0.44
10 0.41

From Skoog and West, “ Analytical Chemistry”, 5" edition, p. 56
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Sample problem

A student obtainsthe following resultsfor the
Molarity of an NaOH solution.

0.504
0.510
0.514
0.530

Can 0.530 beregected?

Calculatethe best reported value
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Propagation of Errors

If morethan 1 physical measurement isused in
a computation to obtain aresult, we say that
error ispropagated by the computation.

How do you calculate propagated error?

Suppose F isa function of a, b, ¢ each of which
hasan error Aa, Ab, Ac. (Thiserror could be
scaleor replicateerror).

Thetheory of errorsstatesthat
AF? = AR + AFy” + AF

AF,1sthe amount that the function F changes
when variable“a’ changesby Aa. Thesameis
truefor AF, and AF..
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To calculatethesetermsone needsto usethe
partial derivative of F with respect to a, b, and c.
Sincethe partial derivativeisthe slope of F with
respect to that variable (holding all other
variables constant), then multiplying the partial
derivative by theerror in that variabletellsus
how much F changes.

| n calculus notation then

AF, = (‘3—’;) Aa

So that to get AF* wefind that

e (55) aa] +[(55) an] +{(5;) ac]
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What isthe best reported valuefor “F”?

Substituteinto thefunction F for variablesa, b,
and c. Then solvefor AF? using the valuesfor a,
b, and caswell astheerrorsin a, b, and c.

Finally takethe squareroot to get AF itself.
Thebest reported valueis

Thevalue of thefunction F + AF

Round AF to 1 sf and report F to the same place
valueasthesf in AF.
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Sample problem

|f we measure arectangular computer chip and
find that thelength is 1.0145 cm and the width Is
0.5170 cm, what isthe best reported value
possible for the area of the chip? Usetheerror

In length and width as 0.0001 cm.
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Curve fitting and Modeling

Often we have data and we wish to find the best
mathematical function that fitsthe data. Thisis
called “ curvefitting” or “modeling” the data.
Thereareat least 3 optionsfor this;

- We want to find an equation that best fits our
data within therange of the data points. (EXx.
5a on the problem set)

- Wewant to find an equation that can be
logically extended outside our data points.
(Ex. 5c on the problem set)
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- We have an equation that the data should fit
and we are looking for coefficients of that
curvefit that arerelated to a physical
property. (Ex —Ht of Vaporization lab)

Optionsfor this curvefitting would beto use
Excel or a dedicated graphing program like
Graphical Analysis. Parameterslikethe
correlation coefficient (R?), the Root M ean
SquareError (RMSE), or the general shape
of the graph can be used to decide on the best
fit equation.
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Simple example
Try modeling the following data. Try different

functions.

Time () Temp (-C)
0.0 0.0

1.0 1.0

2.0 4.0

3.0 8.5

4.0 16.2
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