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hardness for the oil quenching process. Use
o = 0.05 and assume equal variances.

(b) Assuming that the variances 02, and o5 are equ al,
construct a 95% confidence interval on the dif-
ference in mean hardness.

(c) Constructa 959% confidence interval on the ratio
o/ o5. Does the assumption made earlier of
equal variances seem reasonable?

(d). Does the assumption of normality seem appro-

priate for these data?

4.20. A random sample of 200 printed circuit boards con-
tains 18 defective or nonconforming units. Estimate
the process fraction nonconforming.

(a) Test the hypothesis that the true fraction noncon-
forming in this process is 0.10. Use o= 0.05.
Find the P-value.

(b) Construct a 90% two-sided confidence interval
on the true fraction nonconforming in the pro-
duction process.

4.21. A random sample of 500 connecting rod pins con-
tains 65 nonconforming units. Estimate the process
fraction nonconforming.

(a) Test the hypothesis that the true fraction defec-
tive in this process is 0.08. Use o = 0.05.

(b) Find the P-value for this test.

{c) Construct a 95% upper confidence interval on
the true process fraction nonconforming.

4.22. Two processes are used to produce forgings used in
an aircraft wing assembly. Of 200 forgings selected
from process 1, 10 do not conform to the strength
specifications, whereas of 300 forgings selected from
process 2, 20 are nonconforming.

(a) Estimate the fraction nonconforming for each
Process.

(b) Test the hypothesis that the two Processes
have identical fractions nonconforming. Use
o = 0.05. et

(¢) Construct a 00% confidence interval on the dif-
ference in fraction nonconforming between the
(WO Processes.

4,23. A new purification unit is installed in a chemical
process. Before its installation, a random sample
yielded the following data about the percentage of
impurity: Xi ~985,52=679, and n = 10. After
installation, a random  sample resulted in
3, = 8.08,53 =618, and n2= 8.

(a) Can you conclude that the two variances are
equal? Use 00 = 0.05.

(b) Can you conclude that the new purification
device has reduced the mean percentage of
impurity? Use & = 0.05.

4.24. Two different types of glass bottles are suitable for use
by a soft-drink beverage bottler. The internal pressure

s TABLE 4E. 3
Measurements Made by the Inspectors for
Exercise 4.25
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strength of the bottle is an important quality charac-
teristic. It is known that 0, = 02 =30 psi. From a
random sample of ni="2= 16 botiles, the mean

pressure strengths are observed to be X1 = 175.8 psi

and ¥, = 181.3 psi. The company will not use bottle
design 2 unless its pressure strength exceeds that of
bottle design 1 by at Jeast 5 psi. Based on the sample
data, should they use bottle design 2 if we use
o = 0.057 What is the P-value for this test?

4.25. The diameter of a metal rod is measured by 12 inspec-
tors, each using both a micrometer caliper and a
vernier caliper. The results are shown in Table 4B.3.18

there a difference between the mean measurements

produced by the two types of caliper? Use 00 = 0.01.

4.26. The cooling system in a nuclear submarine consists
of an assembly pipe through which a coolant is Cif*
culated. Specifications require that weld strength
must meet or exceed 150 psi.

(a) Suppose the designers decide to test the hypoth:
esis Hg: pu =150 versus H,: p>150. Explain
why this choice of alternative 18 preferable to

H,: n < 150. :
(b) A random sample of 20 welds results 18

% =1537psiand s = 11.5 psi. What conclusionf’ 4

can you draw about the hypothesis in part (&)¢

Use o = 0.05.
427. Anexperiment was conducted to inves
ing capability of packaging equipment at a

in Newberg, Oregon. Twenty bottles of Pinot n‘;'ls) 3

were randomly selected and the fill volume (2
measured. Assume that fill volume has @ 1o
distribution. The data are as follows: 753
753, 753, 153, 752, 753, 754, 754, 152, 754,
750, 753, 755, 753,756,151, and 750.

tigate the fill-
winery.

(a) E)eov ith; dataf sfulppon the claim that the standard
ation of fill is

S volume is less than 1 ml? Use

(b) Find a95% t.wo-sided confidence interval on the
standard deviation of fill volume.

(c) Does it seem reasonable to assume that fill vol-

517 ume has a normal distribution?
.28. Suppose we wish to test the hypotheses

H{]: ,u,:ls
Hy: u=#l5

w
re};ﬁrezwoc know that ¢® & 9.0. If the true mean is
y 20, what sample size must be used to ensure

that the probabilit i
y of type 1l erro
0.10? Assume that o = 0.05. P e

4,29, Consider the hypotheses

Ho: Ju=‘u0
Hll H# Hy

:;:1::; ij:l ;Z ktn;lown. Derive a general expression for
e sample size for detectin
. g a true
mean'of Ly # L with probability 1 — B if thet
error is ot. i

4.30. Sample size allocati
ation. S .
hypotheses uppose we are testing the

Ho: ) =
Hypg # Wy

:::ieieozj and Oi% are known. Resources are limited
equently the total sample si ;
L sample size n; +ny, = N,
thzv: should we allocate the N observations beiween
v wo populations to obtain the most powerful test?

. Develop a test for the hypotheses .

Hy: =1,
Hyi i # iy

s ghere o7 and o3 are known.
30 No Y i
) Pl;ci:()nforr!ml.es occur in glass bottles according to
i sson.dlstrlbuuon. A random sample of 100 bot-
s ]Cjontams a total of 11 nonconformities
th::’tt:iop a procedure for testing the hypothesis
i edfe mean of a Poisson distribution A equals a
Speci ied value Ay, Hint: Use the normal appr
& imation to the Poisson o
Use th .
T : results of part (a) to test the hypothesis
o] mean occurrence rate of nonconformities
et = 0.15. Use & = 0.01.
ns
AR Sp}:%;:rtsorAcoums the surface-finish defects in
o A - A random sample of five dishwashers
o t;ee such defects. Is there reason to con-
e mean occurrence rate of surface-finish

Exercises

m TABLE 4E.4
Uniformity Data for Exercise 4.35

C, F; Flow Observations
(SCCM} 1 12 3 4 5 : 6

}123 | 2.7 26 46 3.2 30 38
i 4.6 49 5.0 4.2 36 42
4.6 2.9 3.4 3.5 41" 5.1

g?fects pfzr dishwasher exceeds 0.57 Use the results
part (a) of Exerci
i xercise 4.32 and assume that
4.34. in-li i
2:1 in line testt.ar is used to evaluate the electrical
COucttmnthof printed circuit boards. This machine
nts the number of defects ob
: observed on each
[ ;211'd.fA6 random sample of 1,000 boards contains a
o of 688 defects. Is it reasonable to conclude that
regurlllt:anfoccurrf:nce rate of defects is A = 1?7 Use the
sults of part (a i .
g part (a) of Exercise 4.26 and assume that
4.35. icle i ]
S ?n a.rtlcle in Solid State Technology (May 1987)
Cei;:nzes an experiment to determine the effect of
k 2 dﬁ_ ow rate on etch uniformity on a silicon wafer
r;:; in integrated-circuit manufacturing. Three flow
s are tested, and the resulting uni G
. ed, g uniformity (in per-
cent) is observed for six test uni foite
t units at each
The data are shown in Table 4E.4. g
(a) lioes CQF‘? flow {‘ate affect etch uniformity?
nswer this question by using an analysis f
variance with & = 0.05. .
(b) Sc?nstrf]ct a box plot of the etch uniformity data
se this plot, together with the analysis of Var'i:
ance results, to determine which gas flow rate
would be best in terms of etch uniformity (a
& small percentage is best). ’
c) Plot the residuals ver i
sus predict
Interpret this plot. i
(d) Does the normali i
: ty assumpt
o R ption seem reasonable
.36. E}Zlorrépalsl:re the mean etch uniformity values at each of
; gist:i bﬁ tf.low :]f;tes from Exercise 4.33 with a scaled
ution. Does this analysis indicat
: : e that th
:i‘lct dfl_fferences in mean etch uniformity at the c:liff‘::rre
ow rates? Whi i _
s hich flows produce different
4.37. icle i .
/1»‘\9118 7;;n‘tlcla in the ACI Materials Journal (Vol. 84
5 » PP- 213-216) describes several experiments,
\:estlga(tlmg the rodding of concrete to remove
entrapped air. A 3-in.-diameter cyli
: cylinder was used
an the m}mber of times this rod was used is tehe,
esign variable, The resulting compressive strength

of the concrete speci i
pecimen is the respo:
are shown in Table 4E.5. Pl T




