Waiting lines
12. The Peachtree Airport in Atlanta serves light aircraft. It has a single runway and one air traffic controller to land planes. It takes an airplane 12 minutes to land and clear the runway. Planes arrive at the airport at the rate of 4 per hour.

a. Determine the average number of planes that will stack up waiting to land.

b. Find the average time a plane must wait in line before it can land.

c. Calculate the average time it takes a plane to clear the runway once it has notified the airport that it is in the vicinity and want to land.

d. The FAA has a rule that an air traffic controller can on the average land planes a maximum of 45 minutes out of every hour. There must be 15 minutes of idle time available to relieve the tension. Will this airport have to hire an extra air traffic controller?

Solution 
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Therefore, one more air traffic controller must be hired




13. The First American Bank of Rapid City has one outside drive-up teller. It takes the teller an average of 4 minutes to serve a bank customer. Customers arrive at the drive-up window at the rate of 12 per hour. The bank operations officer is currently analyzing the possibility of adding a second drive-up window at an annual cost of $20,000. It is assumed that arriving cars would be equally divided between both windows. The operations officer estimates that each minute’s reduction in customer waiting time would increase the bank’s revenue by $2,000 annually. Should the second drive-up window be installed?

Solution 

[image: image2.png]60
= 12 per hour; = = = 15 per hour. One window:
A 12
- 150)
dows: = 15 per hour (docs not change). However, the
arrival rate for cach window is now split. A = 6 per hour;
A 6
[ S
mp —A)  1509)
2.67 = 13.33 min, reduction in waiting time; 13.33 X
$2,000 = $26,660; cost of window = $20,000;
$26,660 > $20,000; therefore, the second drive-in win-

dow should be installed.

W= = .26 hr (16 min). Two win-

— 044 hr (2.67 min); 16 —




15. All truck traveling on Interstate 40 between Albuquerque and Amarillo are required to stop at a weigh station. Trucks arrive at the weigh station at a rate of 200 per 8-hour day, and the station can weigh, on the average, 220 trucks per day.

a. Determine the average number of trucks waiting, the average time spend waiting and being weighed at the weigh station by each truck, and the average waiting time before being weighed for each truck.

b. If the truck drivers find out they must remain at the weigh station longer than 15 minutes on the average, the will start taking a different route or traveling at night, thus depriving the state of taxes. The state of New Mexico estimates it loses $10,000 in taxes per year for each extra minute that trucks must remain at the weigh station. A new set of scales would have the same service capacity as the present set of scales, and it is assumed that arriving trucks would line up equally behind the two set of scales. It would cost $50,000 per year to operate the new scales. Should the state install the new set of scales?
Solution
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19. The acme Mache Shop has five machines that periodically break down and require service. The average time between breakdowns is four days, distributed according to an exponential distribution. The average time to repair a machine is one day, distributed according to an exponential distribution. One mechanic repairs the machines in the order in which they break down.

a. Determine the probability of the mechanic being idle.

b. Determine the mean number of machines waiting to be repaired.

c. Determine the mean time machines wait to be repaired.

d. Determine the probability that three machines are not operating (are being repaired or waiting to be repaired).

Solution
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21. Game Word, a video game arcade at Tanglewood Mall, has just installed a new virtual reality battle game. It requires exactly 2.7 minutes to play. Customers arrive on average every 2.9 minutes (Poisson distributed) to play the game. How long will the line of customers waiting to play the game be and how long on average must a customer wait?
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22. Drivers who come to get their licenses at the Department of Motor Vehicles have their photograph taken by an automated machine that develops the photograph onto the license card and laminates the complete license. The machine requires a constant time of 4.5 minutes to prepare a completed license. If drivers arrive at the machine at the mean rate of 10 per hour (Poisson distributed), determine the average length of the waiting line and the average waiting time.
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25. The Bay City Police Department has eight patrol cars that are on constant call 24 hours per day. A patrol car requires repairs every 20 days on average according to an exponential distribution. When a patrol car is in need of repair, it is driving into the motor pool, which has a repair person on duty at all times. The average time required to repair a patrol car is 18 hours (exponentially distributed). Determine the average time a patrol car is not available for use and the average number of patrol cars out of service at any one time, and indicate if the repair service seems adequate.
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The patrol car is out of service on average of
23.6778 hours when being repaired. Whether or
not this is adequate depends on how busy the
police department is.





29. Cakes bakes by the Freshfood Bakery are transported from the ovens to be packaged by one of three wrappers. Each wrapper can wrap an average of 200 cakes per hour. The cakes are brought to the wrappers at the rate of 500 per hour. If a cake sits longer than five minutes before being wrapped, it will not be fresh enough to meet the bakery’s quality control standards. Does the bakery need to hire another wrapper?
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No, another wrapper is not needed.




32. The Regency Hotel has enough space at its entrance for six taxicabs to line up, wait for guest, and then for loading passengers. Cabs arrive at the hotel every 8 minutes; if a taxi drives by the hotel and the line if full, then it must drive on. Hotel guests require a taxi every 5 minutes on average. It takes a cab driver an average of 3.5 minutes to load passengers and luggage and leave the hotel (exponentially distributed).

a. What is the average time a cab must wait for a fare?

b. What is the probability that the line will be full when a cab drives by, causing it to drive by?
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33. The local Burger Doodle fast-food restaurant has a drive-through window. Customers in cars arrive at the window at the rate of 10 per hour (Poisson distributed). It requires an average of 4 minutes (exponentially distributed) to take and fill and order. The restaurant chain has a service goal of an average waiting time of 3 minutes.

a. Will the current system meet the restaurant’s service goal?

b. If the restaurant is not meeting its service goal, it can add a second drive-through window that will reduce the service time per customer to 2.5 minutes. Will the additional window enable the restaurant to meet its service goal?

c. During the 2-hour lunch period, the arrival rate of drive-in customers increases to 20 per hour. Will the two-window system be able to achieve the restaurant’s service goal during this rush period?
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35. Customers arrive to check in at the exclusive and expensive Regency Hotel’s lobby at the rate of 40 per hour (Poisson distributed). The hotel normally has three clerks available at the desk to check in guests. The average time for a clerk to check in a guest is 4 minutes (exponentially distributed). Clerks at the Regency are paid $24 per hour and the hotel assigns a goodwill cost of $2 per minute for the time a guest must wait in line. Determine if the present check-in system is cost effective. If it is not, recommend what hotel management should do.
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49. The Delacroix Inn in Alexandria is a small exclusive hotel with 20 rooms. Guests can call house keeping from 8:00 A.M. to midnight for any of their service needs. Housekeeping keeps one person on duty during this time to respond to guest calls. Each room averages 0.7 calls per day to housekeeping (Poisson distributed) and a guest request requires and average of 30 minutes (exponentially distributed) for the staff person to respond to and take care of. Determine the portion of time the staff person is busy and how long a guest must wait for his or her request to be addressed. Does the housekeeping system seem adequate?
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The system seems adequate. 19.1 minutes is
somewhat long to wait for service, however the
staff person is only busy 42.2% of the time as is
thus adding another person seems excessive.




50. Jim Carter builds custom furniture, primarily cabinets, bookcases, small tables, and chairs. He works on only one piece of furniture for a customer at a time. It takes him an average of 5 weeks (exponentially distributed) to build a piece of furniture. An average of 14 customers approach Jim to order pieces of furniture each year (Poisson distributed); however, Jim will take only a maximum of 8 advance orders. Determine the average time a customer must wait to receive a furniture order once it is placed and how busy Jim is. What is the probability that a customer will be able to place an order with Jim?
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51. Judith Lewis is a doctoral student at State University and she also works full-time as an academic tutor for scholarshiped student athletes. She took the job hoping it would leave her free time between tutoring to devote to her own studies. An athlete visits her for tutoring an average of every 16 hours, and she spends an average o 1.5 hours (exponentially distributed) with him or her. She is able to tutor only one athlete at a time and athletes study while they are waiting.

a. Determine how long a player must wait to see her and the percentage of time Judith is busy. Does the job seem to meet Judith’s expectations and does the system seem adequate to meet the athletes’ needs?

b. If the results in (a) indicate the tutoring arrangement is ineffective, suggest and adjustment that could improve it for both the athletes and Judith.
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