Chapter 27 Solutions BPS

27.1 Answers vary.

27.3 Answers vary based on 27.1.

27.5 Possible causes could include alarm not set, bus was late, flat tire, spent too much time playing video games, and so forth.

27.7 Answers vary based on 27.3 and 27.1.

27.9. The center line is at μ = 75° F; the control limits should be at μ ± 
[image: image1.wmf], which means 74.25° F and 75.75° F.

27.11. (a) Common causes might include processing time, normal workload fluctuation, or postal delivery time. (b) s-type special causes might include a new employee working in the personnel department. (c) Special causes affecting 
[image: image2.wmf]might include a sudden large influx of applications, or perhaps introducing a new filing system for applications.

27.13. (a) For the x chart, the center line is 11.5 kg and the control limits are 11.2 and

11.8 kg. For n = 4, 
[image: image3.wmf] = 0.9213 and 
[image: image4.wmf]= 2.088, so the center line for the s chart is (0.9213)(0.2) = 0.18426 kg, and the control limits are 0 and 0.4176 kg. (b) The s chart is certainly out of control at sample 11; the increase might have happened slightly before that point. The s chart is consistently above the center line (and often above the UCL) after that; the 
[image: image5.wmf] chart is noticeably out of control shortly after that sample. (c) A change in the mean does not affect the s chart; the effect on the 
[image: image6.wmf] chart is masked by the change in σ: because of the increased variability, the sample means are sometimes below the center line even after the process mean shifts.

[image: image7.wmf]
27.15. The first two means and standard deviations are 
[image: image8.wmf] = 48, 
[image: image9.wmf] = 8.9, 
[image: image10.wmf] = 46, and


[image: image11.wmf] = 13.0. For the 
[image: image12.wmf] chart, the center line is 43 and the control limits are 25.91 and

60.09. For n = 5, c4 = 0.9400 and B6 = 1.964, so the center line for the s chart is

(0.9400)(12.74) = 11.9756, and the control limits are 0 and 25.02. The control charts

(below) show that sample 5 was above the UCL on the s chart, but it appears to have been special cause variation, because there is no indication that the samples that followed it were out of control.

[image: image13.wmf]
27.17. (a) Either (ii) or (iii), depending on whether the deterioration happens quickly or

gradually. We would not necessarily expect that this deterioration would result in a change in variability (s or R). (b) (i) s or R chart: a change in precision suggests altered variability (s or R), but not necessarily a change in center (
[image: image14.wmf]). (c) (i) s or R chart: assuming there are other (fluent) customer service representatives answering the phones, this new person would have unusually long times, which should most quickly show up as an increase in variability. (d) (iii) A run on the 
[image: image15.wmf] chart: “the runs signal responds to a gradual shift more quickly than the one-point-out signal.”

27.19. We estimate 
[image: image16.wmf] to be 
[image: image17.wmf]/0.9213 .= 0.9986, so the 
[image: image18.wmf]chart has center line 
[image: image19.wmf] = 48.7 and control limits 
[image: image20.wmf] ± 3
[image: image21.wmf]/
[image: image22.wmf] = 47.2 to 50.2. The s chart has center line 
[image: image23.wmf] = 0.92 and control limits 0 and 2.088 
[image: image24.wmf] = 2.085.

27.21. For the 15 samples, we have 
[image: image25.wmf] = $799.1 and 
[image: image26.wmf] = $6442.4. 

(a) 
[image: image27.wmf] = 
[image: image28.wmf]/
[image: image29.wmf] = 799.1/0.9650 = 828.1; the center line is 
[image: image30.wmf], and the control limits are


[image: image31.wmf]
[image: image32.wmf] = (0.179)($828.1) = $148.2 and 
[image: image33.wmf]
[image: image34.wmf] = (1.751)($828.1) = $1450.0. (b) For the 
[image: image35.wmf] chart, the center line is 
[image: image36.wmf] = $6442.4 and the control limits are 
[image: image37.wmf] ± 3 
[image: image38.wmf]/
[image: image39.wmf] = $5564.1 to $7320.7. The control chart shows that the process is in control.

[image: image40.wmf]
27.23. The process is no longer the same as it was during the downward trend (from the

1950s into the 1980s). In particular, including those years in the data used to establish the

control limits results in a mean that is too high to use for current winning times, and a

standard deviation that includes variation attributable to the “special cause” of the changing conditioning and professional status of the best runners. Such special cause variation should not be included in a control chart.
27.25. The standard deviation of all 120 measurements is s = $811.53, and 
[image: image41.wmf] = $6442.4 (the same as 
[image: image42.wmf]—as it must be, provided all the individual same size). The natural tolerances are 
[image: image43.wmf] ± 3s = $4007.8 to $8877.0.

27.27. (a) About 99.9% meet the old specifications: if X is the mesh tension on a randomly chosen monitor, then 
[image: image44.wmf] = 0.9994.

(b) About 97.4% meet the new specifications: 

P(150 < X < 350)  = P(−3.26 < Z < 1.95) = 0.9738.

27.29. The mean of the 17 in-control samples is 
[image: image45.wmf] = 43.4118, and 11.5833, so the natural tolerances are 
[image: image46.wmf] ± 3s = 8.66 to 78.16.
27.31 
[image: image47.wmf] and CL=
[image: image48.wmf]and control limits [image: image49.png]2 [P —P)
3 55 = 0.02334 and 0.04344.





27.33  
[image: image50.wmf]with control limits 
[image: image51.wmf] hence the 

LCL=0 and the UCL 0.0117.

27.35 (a)
[image: image52.wmf], 
[image: image53.wmf](b) The center line is 
[image: image54.wmf]and the control limits are 0.3082 and 0.4028. (c) For October, the limits are 0.3088 and 0.4022; for June, they are

0.3072 and 0.4038.

27.37. (a) (ii) A sudden change in the 
[image: image55.wmf] chart: this would immediately increase the amount of time required to complete the checks. (b) (i) A sudden change (decrease) in s or R, because the new measurement system will remove (or decrease) the variability introduced by human error. (c) (iii) A gradual drift in the x chart (presumably a drift up, if the variable being tracked is the length of time to complete a set of invoices).

27.39. (a) The percents do not add to 100% because one customer might have several complaints; that is, he or she could be counted in several categories. (b) Clearly, the process of creating, correcting, an adjusting invoices should be given top priority, because the three most common complaints involved invoices.
27.41. (a) Depending on how one interprets “availability,” either 
[image: image56.wmf] and s charts or a p chart is appropriate. (b) Use 
[image: image57.wmf] and s (or R) charts to control response time. (c) Use a p chart for undocumented programming changes.

27.43 The most common problems are related to the application of the color coat; that

should be the focus of our initial efforts.
27.45 (a) 
[image: image58.wmf] At 5000 pieces per day, we expect 0.0175 defects per day; in a 24-day month, we would expect 0.42 defects. (b) The center line is 0.0000035; the LCL is negative (so we use 0), and the UCL is 0.0000083. (c) Most of the time 
[image: image59.wmf] = 0. If we should ever find even one defect, we would have
[image: image60.wmf] = 0.0002, and the process would be out of control. On top of this, it takes an absurd amount of testing in order to catch the rare defect.

27.47 Sampling choice justification will vary. Choosing six calls per shift gives an idea of the variability and mean for the shift as a whole. If we took six consecutive calls (at a randomly chosen time), we might see additional variability in 
[image: image61.wmf], because sometimes those six calls might be observed at particularly busy times (when a customer has to wait for a long time until a representative is available, or when a representative is using the restroom).
27.49 The outliers are 276 seconds (sample 28), 244 seconds (sample 42), and 333 seconds (sample 46). After dropping those outliers, the standard deviations drop to 9.284, 6.708, and 31.011 seconds. (Sample #39, the other out-of-control point, has two moderately large times, 144 and 109 seconds; if they are removed, s drops to 3.416.)
27.51. We find that 
[image: image62.wmf]= 7.65, so with 
[image: image63.wmf] = 0.8862 and 
[image: image64.wmf] = 2.276, we compute 
[image: image65.wmf]= 8.63 and UCL = 19.65. One point (from sample #1) is out of control. (And, if that cause were determined and the point removed, a new chart would have s for sample #10 out of control.) The second (lower) UCL line on the control chart is the final UCL, after removing both of those samples (per the instructions in Exercise 27.52).
[image: image66.wmf]
27.53. (a) Use a p chart, with center line 
[image: image67.wmf]and control limits 0 to 0.0194. (b) There is little useful information to be gained from keeping a p chart: if the proportion remains at 0.003, about 74% of samples will yield a proportion of 0, and about 22% of proportions will be 0.01. To call the process out of control, we would need to

see two or more unsatisfactory films in a sample of 100.
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