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r-n performing a division. The manufacturer ini_ur ':mcd that the chance of any pafiicular division being[Ere: aas on]y 1 in 9 billion, so that it would take thou_

- 
.t iears before a typical user encountered a mistake.rDr.<'- :ratisticians are not typical users; some modem

rechniques are so computationally intensive that ali:r:n :risions over a short time periodis ,ot out.ld" th.arn -f 3rssibility. Assuming that the 1 in 9 billion figure is.ry: ::ld rhat results of different divisions are indepindent
;ilr r:r :iothel what is the probability that at least on" 

"rro,:t;:lr! rr one billion divisions with this chip?

t x:.:ppliors underlying the theory of controle Crapter 16) is that successive piotted pointsELt: of one another. Each plotted point can sig_

:^o" a manufacturing process is operating coi_r trr :ere is some sort of malfunction. Everiwhenles s :-:aning correctly, there is a small probabilityr E;.:lar point will signal a problem wittr tt e
YFo'. that this probability is .05. What is the

ur,. 
=dr at least one of 1 0 successive points indicates+a r::en in fact the process is operating correctly?Lrq'L. question for 25 successive points. "

Dlaru- .99-1, a flaw in a certain pentium chip installedL .mrtrr--r n.as discovered that could result in a wrong

2.5 lndependence g7

one another and p(component works) : .9, calculate
P(system works).

81. Refer back to the series_parallel system configuration intro_
du-ced in Example 2.35, and rrppor" that there are only two
cells rather than three in each parallel subsystem [in Figure
2.14(a), eliminate cells 3 and 6, and renumber cells 4 and 5 as
3 and 41. Using p(A,) = .9, the probability that system life_
time- exceeds ro is easily seen to ae .SAiS. To what value
would .9 have to be changed in order to increase the system
lifetime reliability from .9639 to .99? fHint: Let p(A) : p,
express system reliability in terms of p, andthen let x = pi.l

82. Consider independently rolling two fair dice, one red and
the other green. LetA be the event that the red die shows 3
dots, B be the event that the green die shows4 dots, and C
be the event that the total nnmber of dots showing on thetwo dice is 7. Are these events pairwise independent (i.e.,
are_A and B independent events, are A and C independent,
and are B and C independent)? Are the three events mutu_
ally independent?

83. Compon-ents arriving at a distributor are checked for defects
by two different inspectors (each component is checked byboth inspectors). The first inspector'd"t".t, 90vo of arl
defectives that are present, and the second inspector does
likewise. At least one inspector does not detect a defect on
20Vo of all defective components. What is the probability
that the following occur?
a. A defective component will be detected only by the first
, inspector? By exactly one of the two inspectors?
b. All three defective components in a batch escape detec_

tion by both inspectors (assuming inspections of differ_
ent components are independent of one another)?/84. 

S.eventy percent of all vehicles examined at a certain emis_
sions inspection station pass the inspection. Assuming that
successive vehicles pass or fail independently of one
another, calculate the following probabilities:
a. P(all of the next three vehiclei inspected pass)
b. P(at least one ofthe next three inspected fails)
c. P(exactly one of the next three inspected passes)
d. P(at most one of the next three vehlles irspecteO passes;
e. Given that at least one of the next three ,"hi.l", pur.",

inspection. what is the probability that all three pass (a
conditional probability)?

85. A quality-coltrol inspector is inspecting newly produced
items for faults. The inspector searches an item for faults in
a series of independent fixations, each of a fixed duration.
Given that a flaw is actually present, letp denote the proba_
bility that the flaw is detected during any one fixation ithismodel is discussed in .,Human p".fo._an." in Sampling
Inspection," Human Factors, 1979: 99_105).
a. Assuming that an item has a flaw, what is the probability

that it is detected by the end ofthe second fixation loncea flaw has been detected, the sequence of fixations ter_
minates)?

b. Give an expression for the probability that a flaw will be
detected by the end of the nth fixation.

* ..: ._-:rafi seam requires 25 rivets. The seam will have toI 
=r,rrked if any of these rivets is defective. Suppose riv-

=, u= Jefective independently ofone another, each with the.trc :robability.
r -: lrFr of all seams need reworking, what is the proba_

::_:r\. that a rivet is defective?
L i{.ru small should the probability of a defective rivet be:r ensure that only lj%o of all seams need reworking?

tr' r. r:,iler has five identical relief valves. The probability thati,r; particular valve will open on demand is .95. Assuming
:rependent operation of the valves, calculate p(at least one.i'.e opens) and p(at least one valve fails to open).

! l. I pumps connected in parallel fail independently of one
.::...ther on any given day. The probability that only the olderrimp will fail is .10, and the probability that only the newer::mp wili fail is .05. What is the probability thai the pump_
.::g system will fail on any given day (which happens if both
:umps fail)?

I Consider the system of components connected as in the
accompanying picture. Components I and.2 are connected
rn parallel, so that subsystem works iffeither 1 or 2 works;
since 3 and 4 are connected in series, that subsystem worksiffboth 3 and 4 work. If components work inOepenaently of


