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KNOWN: X = 121.6 psi
Sy = 14 psi
N is very large
FIND: P(x > 150 psi)

ASSUMPTIONS: Normal distribution

Sx~o, X=X
SOLUTION
The z variable is defined by
z] = (x1-X)/o = (121.6 -150)/14 = 2,028

The symmetry of the normal distribution allows that z; = -z1 so that we look
up P(2.028) from Table 4.3. Interpolation gives

P(2.028) = 0.4786

This expresses the probability that 121.6 < x < 150 psi. Then, the probability
that x > 150 psi is

0.5-0.4786 = 0.0214

or there is a 2.14% probability that any measurement will yield a value in
excess of 150 psi.
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[image: image7.jpg]PROBLEM 4.11

KNOWN: Data of Table 4.8
N =19

FIND: D tS5 (95%)
SOLUTION

For the 19 data points in Column 1, we find using equations 4.14a and b
that p = 5.01 kPa and S;, = 0.055 kPa. From equation 4.16, the standard
deviation of the means is found to be

Sp = 0.055/190-5 = 0.013 kPa

withy = N -1 = 18. From Table 4.4, 118,95 = 2.101. Then, we can expect that
the true mean value would lie within the interval defined by (4.17) as

P’ =P+ 1S5 = 5.01£(2.101)(0.013) = 5.01 + 0.027 kPa (95%)

A 95% probability implies that 19 out of every 20 complete data sets would
show a sample mean value within the range defined for p’. Compare the
meaning of this statement to that found in Problem 4.10. They are very
different!

COMMENT

The reasoning behind this precision interval for the mean value lies
within the limitations of finite statistics. The sample mean value defines the
mean value of the 19 data points exactly. But the sample mean is not
necessarily the true mean value of the measured variable. However, the true
mean value of the measured pressure can be estimated to within some
precision interval based on the sample mean and the data set variance. We see
that as N — oo, Sp — 0, so that p — p’. Remember this assumes that there is no
bias error acting on the measurement.




[image: image8.jpg]KNOWN: Data of Table 4.8
N=19

FIND: p£tSp (90%)
SOLUTION

For the 19 data points in Column 1, we find using equations 4.14a and b
that p = 5.01 kPa and Sj; = 0.055 kPa. From equation 4.16, the standard
deviation of the means is found to be

Sp = 0.055/1905 = 0.013 kPa

withy = N -1 = 18. From Table 4.4, t1g 99 = 1.734. Then, we can expect that
the true mean value would lie within the interval defined by

P’ =D+ 1tS5 = 5.01+ (1.734)(0.013) = 5.01 £ 0.022 kPa (90%)

COMMENT

If we compare this answer to that of Problem 4.11, we see that the
precision intervals differ. This is due to the different probability levels at which
we state the precision intervals. The smaller the probability level, the smaller
the precision interval. At 95% probability, we would predict a 1 in 20 chance
that the true mean value lies outside the stated interval at 95%. But at 90%,
there is a 1 in 10 chance. This is reflected in the smaller interval at 90%.

The reasoning behind this precision interval for the mean value lies
within the limitations of finite statistics. The mean value p = 5.01 kPa defines
the mean value of the 19 data points exactly but not necessarily the true mean
value of the measured variable. However, the true mean value of the
measured pressure can be estimated from this sample mean value but only to
within a precision interval. We see that as N — oo, Sp— 0, so that p—p.
Remember this assumes that there is no bias error acting on the measurement.

Problem 4.14 refers to the precision spread of the data set.
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KNOWN: N = 270 withx = 6.92 MN/mZ2 and Sy = 6.89 (MN/m2)2
FIND: tS, at 95%
SOLUTION
The true mean value of these bricks is given by
X =Xx+tSg (95%)

With N = 270, tp69 95 = 1.96, so with S, = [6.89 (MN/m2)2]0.5 = 2 62
MN/m?2

#tSg = £ (1.96)(2.62 MN/m?2)/2700-5 = 0,313 MN/m?2

This is the precision estimate of the true mean value based on the sample
mean.

We can state that
X' =692+ 0313 MN/m2  (95%)

There is a 95% probability that x lies between 6.61 and 7.23 MN/m?2.




[image: image10.jpg]PROBLEM 4.26
KNOWN: Given data set.
N =10
FIND: Check for outliers.

ASSUMPTIONS: Fixed operating conditions.

Measured variable has a normal distribution.
SOLUTION
The statistics for this data set are found to be
X= 5 = 237N
—1 z
Sy =[= 2L 813N
The modified three sigma test introduces the modified z variable, Z()
20 = | (x-%)/Sx |
A survey of the data indicates that data point #3 could be suspect. Computing
a value for z( with xj = 908 N gives, z) = 1.93. From Table 4.3, P(1.93) =
0.4732. Then,
N[0.5 - P(1.93)] = 0.27
Since this value exceeds 0.1, the value for data point #3 apparently falls within
the bounds to be expected from normal scatter and is NOT an outlier. No
outliers are detected in this data set.

Using tg 95 = 2.262, and Sg = Sy/N05 = 2,57,

X = 9237+ 58N (95%)
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KNOWN: CI =0.1g
Sx=2g
FIND: N
SOLUTION

Letd = CI/2 = 0.05 g. We seek the number of measurements required
to keep tSz < 0.05g at 95%.

N = (1Sx/d)?
If we select a large number of measurements such that tN 95 = 1.96, then
N~ 6150

For this value, the t value remains unchanged. Thus, a large number of
measurements are required due to the restriction on CL




