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General information

Office hours

Instructor _: Cosme Furlong; cfurlong@wpi.edu
Everyday from 11:00 to 11:50 am
or by appointment

Teaching Assistants : During laboratory sessions
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Minimization of errors

Error, e, in measuring a quantity, X, is defined as:

Error =el X, - X ue

P 1

Measured guantity True value

A primary objective in designing and executing an experiment
IS to minimize this error.
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Uncertainty and probability

When an experiment is completed, we must determine:

1) Measurement uncertainty; and

2) Probability (odds of obtain
measurements in N having errors outside the
uncertainty | imitso),;

In other words, it iIs necessary to determine:

Xm- U ¢ Xpue ¢ X tu; (n:l)

wheruwi ® the ouncertaintyoénkmsti mat
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Frequency of occurrence

Bias and precision errors

Average Measured value, X,
Is biased with respect to
from Xyye Total error average
g — /
Bias error
. “Precision
Probability - error
distribution
having an
coaverageo |d] a
Ostand d \
devi a# n
/\/ Xtrue Xm

Measured value, x,,
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Classification of errors
1) Bias or systematic errors

Calibration errors

Consistently recurring human errors
Defective equipment

Loading errors

Limitations of system resolution
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Classification of errors
2) Precision or random errors

Human errors
Caused by disturbances to equipment
Caused by fluctuating experimental conditions

Derived from insufficient measurement -system resolution
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Classification of errors
3) lllegitimate errors

Blunders and mistakes during an experiment

Computational errors after an experiment
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Classification of errors

4) Errors that can be bias errors or precision errors

From instrumentation errors: backlash, friction,
hysteresis

From calibration drift and variation in test or
environmental conditions

From variations in procedure or definition among
experimenters
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Calibration errors

Figure 3.2 Calibration errors. For ideal response, X easureq = Xerue- ACtual
response may include zero-offset error (x,4.,) and scale

error (8 # 1) so that Xpmeasured = BXurue + Xoficer-

Actual response

Output, Xgasured

ldeal response

X ottset

Input, x,..o
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Hysteresis errors

Xmeasured

xlrue
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Mean, Standard deviation, Variance,
and Chauvenetos crit e

Actual measurements

Consider pressure measurements in a low -pressure cylinder

Pressure

Inlet transducer

3 gallons tank
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Mean, Standard deviation, Variance,
Chauvenet 0s ¢

and

Actual measurements

Results of repeated measurements of pressure are shown

In the following table:

Pressure measurements on a 3 gallons tank

READING PRESSURE

No. (psig)
1 100
2 105
3 105
4 110
5 110
6 110
7 115
8 115
9 125

10 135
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Mean, Standard deviation, Variance,
and Chauvenetos crit e

Actual measurements

Bar graph of measured pressure data (review procedure to
construct a histogram):

150

100

50 |-

PRESSURE (psig)

1 2 3 4 5 6 7 8 9 10
READING NUMBER
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Mean, Standard deviation, Variance,
and Chauvenetos crit e

Problem statement

From the measured data, compute their:

Mean value
Standard deviation and Variance

Apply Chauvenetodos crimnadadion for
representative data
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Mean, Standard deviation, Variance,
and Chauvenetos crit e

Solution
Present the computations and the intermediate results in

Tabular form. See Table 1.

Table 1. Procedure for computation of statistics

i Xi BEFORE DATA REJ AFTER DATA REJ
READING PRESSURE di=x;—x, d d, d*
No. (psig) (psig) (psig’) (psig) (psig’)
1 100 -13 169 -10.56  111.51
2 105 -8 64 -5.56 3091
3 105 -8 64 556 3091
4 110 -3 9 -0.56 0.31
5 110 -3 9 -0.56 0.31
6 110 -3 9 -0.56 0.31
7 115 2 4 4.44 19.71
8 115 2 4 4.44 19.71
9 125 12 144 14.44  208.51
10 135 22 484 Rejected Rejected
[ Tx;=1130 J [ Ed,-2=960] [Zd,.2=422.19]
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Solution

The mean of the original data is computed to be:

1] n
xngizzlxi:]—izg = 113.0 psig

Next, individual deviations of the original data with respect
to the mean are computed:

d, =X - Xy,
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Solution

Using these individual deviations , the standard deviation of
the original data is computed:

1
, 1
c= l:-——n_l ,_;5:1 (xi—xm) ] -(——10_1 = 10.33 psig ,

where it should be noted that because the number of
readings, n, is < 20, the denominator in the previous equation
isn- 1

use value of n when number of readings, n2 20.

Variance of original data is:

o? =(10.33 psig)* = 106.71 psig?
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Soluti on: Chauvenet s

Tabl e 2. Chauvenet 6s criteri
Number of Ratio of maximum acceptable deviation
readings, » to standard deviation, dpa./C

3 1.38
4 1.54
5 1.65
6 1.73
7 1.80
10 1.96
15 2.13
25 2.33
50 2.57
100 2.81
300 3.14
500 3.29

1000 3.48
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Sol uti on: Chauvenet 0s
Referring to Table 2, the ratio of maximum acceptable
deviation to standard deviation for n=10is:

Amax - 1 g6

S

which indicates that the maximum deviation allowed in the
data is:

dnax =1.96% s =1.963 10.33=20.25 psig;

compare the maximum deviation, d,, With the individual
deviations of the original readings (Table 1, third column).
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Sol uti on: Chauvenet s

After doing comparisons, it is clear that:

the only reading (i.e., No. 10) with d;g= 222 d,,5, Must be
rejected to satisfy Chauvenet 0s
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