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PROBLEMS

1. Consider the following system:

Determine the
probability that >. ». >

the system will

operate under

each of these conditions:
a. The system as shown.
b. Each system component has a backup with a probability of .90 and a switch that is 100 percent reliable.
c. Backups with .90 probability and a switch that is 99 percent reliable.

2. A product is composed of four parts. In order for the product to function properly in a given situation, each of the parts must
function. Two of the parts have a .96 probability of functioning, and two have a probability of .99. What is the overall
probability that the product will function properly?

3. A system consists of three identical components. In order for the system to perform as intended, all of the components must
perform. Each has the same probability of performance. If the system is to have a .92 probability of performing, what is the
minimum probability of performing needed by each of the individual components?

4. A product engineer has developed the following equation for the cost of a system component: C = (10P)2, where C is the cost
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6. One of the industrial robots designed by a leading producer of servomechanisms has four major components. Components’ 0
reliabilities are .98, .95, .94, and .90. All of the components must function in order for the robot to operate effectively.

a. Compute the reliability of the robot.

b. Designers want to improve the reliability by adding a backup component. Due to space limitations, only one backup can be
added. The backup for any component will have the same reliability as the unit for which it is the backup. Which
component should get the backup in order to achieve the highest reliability?

c. If one backup with a reliability of .92 can be added to any one of the main components, which component should get it to
obtain the highest overall reliability?

7. A production line has three machines A, B, and C, with reliabilities of .99, .96, and .93, respectively. The machines are
arranged so that if one breaks down, the others must shut down. Engineers are weighing two alternative designs for increasing
the line’s reliability. Plan 1 involves adding an identical backup /ine, and plan 2 involves providing a backup for each machine.
In either case, three machines (A, B, and C) would be used with reliabilities equal to the original three.

a. Which plan will provide the higher reliability?

b. Explain why the two reliabilities are not the same.

c. What other factors might enter into the decision of which plan to adopt?

8. Refer to the previous problem. “Page 185

a. Assume that the single switch used in plan 1 is 98 percent reliable, while reliabilities of the machines remain the
same. Recalculate the reliability of plan 1. Compare the reliability of this plan with the reliability of plan 1 calculated in
solving the original problem. How much did the reliability of plan 1 decrease as a result of a 98 percent reliable switch?

b. Assume that the three switches used in plan 2 are all 98 percent reliable, while reliabilities of the machines remain the
same. Recalculate the reliability of plan 2. Compare the reliability of this plan with the reliability of plan 2 calculated in
solving the original problem. How much did the reliability of plan 2 decrease?

9. A Web server has five major components that must all function in order for it to operate as intended. Assuming that each

component of the svstem has the same reliabilitv. what is the minimum reliabilitv each one must have in order for the overall v
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11. Hoping to increase the chances of reaching a performance goal, the director of a research project has assigned three separate <
research teams the same task. The director estimates that the team probabilities are .9, .8, and .7 for successfully completing the
task in the allotted time. Assuming that the teams work independently, what is the probability that the task will not be
completed in time?
12. An electronic chess game has a useful life that is exponential with a mean of 30 months. Determine each of the following:
a. The probability that any given unit will operate for at least (1) 39 months, (2) 48 months, (3) 60 months.
b. The probability that any given unit will fail sooner than (1) 33 months, (2) 15 months, (3) 6 months.
c. The length of service time after which the percentage of failed units will approximately equal (1) 50 percent, (2) 85 percent,
(3) 95 percent, (4) 99 percent.
13. A manufacturer of programmable calculators is attempting to determine a reasonable free-service period for a model it will
introduce shortly. The manager of product testing has indicated that the calculators have an expected life of 30 months. Assume
product life can be described by an exponential distribution.
a. If service contracts are offered for the expected life of the calculator, what percentage of those sold would be expected to
fail during the service period?
b. What service period would result in a failure rate of approximately 10 percent?
14. Lucky Lumen light bulbs have an expected life that is exponentially distributed with a mean of 20,000 hours. Determine the
probability that one of these light bulbs will last
a. At least 24,000 hours
b. No longer than 4,000 hours
c. Between 4,000 hours and 24,000 hours
15. Planetary Communications, Inc., intends to launch a satellite that will enhance reception of television programs in Alaska.
According to its designers, the satellite will have an expected life of six years. Assume the exponential distribution applies.
Determine the probability that it will function for each of the following time periods:
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