SM230 Probability with Naval Applications Supplementary Exercises

Supplementary Exercises

Part |

1. Consider the following data: 65% of all radar contacts are surface ships; 23% are aircraft;
18% are both surface ships and aircraft. Let S be the event that a radar contact is a surface
ship and let 4 be the event that the contact is an aircraft.

(a) Compute the probability P(A4 S) that the contact is either a ship or an aircraft.

(b) Compute P(ANS") and explain your answer in words.

(c) Write down (like the preceding parts) the symbolic version of: “The probability that the
contact is neither an aircraft nor a surface ship.” Compute this probability.

(d) Compute the probability that the contact is either an aircraft or a surface ship, but not
both.

2. Assume D, E, F, G, L, and M are events.
(a) Assume for events D and E that P(D N E')=0.27 and P(D) = 0.3. Compute the
conditional probability P(E | D ) .
(b) Assume for events F and G that P( G | F') = 0.4 and that P( F')=0.7 . Compute the
probability P(F N G)
(c) Assume for events L and M that P(L | M) =0.2, that P(M )=0.7, and that P(L ) =
0.4. Compute P(M |L).

3. Assume 80 % of all personnel brought to trial are guilty ( G ) of the crime for which they are
charged. Of those who are innocent ( /), the jury acquits ( 4 ) 95 % . Of those who are guilty,
the jury convicts ( C) 90 % .
(a) What percent of cases brought to trial involve individuals who are both innocent and
acquitted?
(b) What percent of cases brought to trial involve individuals who are both guilty and
convicted?
(c) What percent of cases brought to trial end up with the individual being acquitted?
(d) What percent of acquitted individuals are in fact guilty?
(e) If an individual is convicted, then what is the probability that he/she is in fact innocent?

4. From a crew of 12, consisting of 3 women and 9 men, a team will be picked at random.
Assume in this problem that all team members have equivalent work duties and thus order of
choice is irrelevant.

(a) How many ways can a team of 4 be chosen?

(b) How many ways can a team of 4 be chosen with no women?

(c) How many ways can a team of 4 be chosen with one woman?

(d) How many ways can a team of 4 be chosen with at least one woman?
Now assume the 12 crewmen will be broken up into three teams of 3, 4, and 5 members each.

(e) How many ways can this be done?

(f) How many ways can this be done with the team of 3 consisting of all women?

(g) What if the 12 crewmen are to be broken up into three indistinguishable teams of 4

members each? How many ways can this be done?
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Part i

1. The probability that a single radar set, when working properly, will detect an enemy plane
when scanning a certain region is 0.7. We have 5 working radar sets set up to cover that
region, each operating independently of the others. Compute the probability that:
(a) exactly four sets will detect the plane;
(b) at least one set will detect the plane.
(c) Assume that fighters will be scrambled if at least two radars show a detection.
Compute the probability of a scramble if an enemy plane enters that region.

2. Independent firings of artillery rounds have a fixed probability p of hitting a practice target

for any one round.
(a) If p=0.8, then what are the chances you will observe 42 hits or more when you fire 50

rounds?
(b) If p=0.7, then what are the chances you will observe 42 hits or more when you fire 50

rounds?
(c) Assume there were 42 hits among 50 rounds. Explain why you can safely discard the
assertion that p <0.7.

3. An unmanned aerial vehicle program sends a single UAV on the same difficult
reconnaissance mission each day. Assume that each day’s mission is successfully completed
with probability p =0.7. Assume a binomial distribution is applicable in order to solve the

following problems.

(a) Compute the probability that in 14 days the mission will be successfully completed 10
times.

(b) Compute the probability that in 14 days the mission will be successfully completed 10
or fewer times.

(c) Compute the probability that in 14 days the mission will be successfully completed at
least 12 times.

(d) What would the daily mission success probability p have to be so that in a 14 day

period the mission would be successfully completed at least 12 times with probability
0.75 ? Give your answer correct to at least 2 decimal digits.
(e) Write down briefly why a binomial distribution might not be applicable to this scenario.

4. Your platform carries a certain type of missile. The manufacturer guarantees each missile
to hit its target with probability 0.8; assume this actually is true and that each missile operates
independently of the others. Assume you fire 5 missiles.

(a) What is the probability that all 5 missiles hit the target?

(b) What is the probability that no missile hits the target?

(c) What is the probability that exactly 3 missiles hit the target?

(d) What is the probability that at least 3 missiles hit the target?
Assume you fire 20 missiles.

(e) What is the probability that at least 15 missiles hit the target?

(f) At least n of the 20 missiles will hit the target with probability 0.95 or more. Compute

the largest possible integer value for n.
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Assume your mission is to knock out a target and that intelligence says that this will require 25
missile hits.
(g) What is the minimum number of missiles you need to fire in order to be at least 95%
certain of knocking out the target?

5. Six of 13 radar sets do not work properly. Assume 5 are selected at random from the 13 to
be tested. Compute the probability that among these 5:

(a) all work properly

(b) none work properly

(c) at least two work properly.

6. SUNA Inc. makes small turbines and 3.5% are of them are defective. The Navy needs 40
defect-free turbines.
(a) If the Navy buys 42 SUNA turbines, then what is the probability it gets at most 2
defectives?
(b) If the Navy buys 50 SUNA turbines, then what is the probability it will get less than 40
that are defect-free?
(c) What is the minimum number of turbines that you recommend the Navy purchase, so as
to be at least 99.9% sure of having 40 that are defect-free?

7. You ordered truck batteries to ship overseas. Your battery supplier assures you that in your
shipment of 1000 batteries, no more than 20 will fail to meet your specifications. Being a
savvy statistician you decide to test this claim. You randomly choose 50 of these batteries to
test and find 3 among them that do not meet specs. Assume the manufacturer's failure rate is in
fact 2%. Compute the probability of you finding 3 or more defectives among your sample of
size 50.

8. There is a bag of 20 fresh batteries for “calculator emergencies” stored on the company
wardroom table. Unfortunately, some plebe comes along and mixes in 4 dead batteries,
thinking the bag is for recycling. On your way to your SM230 exam you notice your TI has
gone dead. You know you’re behind schedule so plan on swapping out your 4 old batteries
when you get to class. You grab 6 batteries from the bag of 24 as you rush to the exam.

(a) Compute the probability that you have 6 fresh batteries.

(b) Compute the probability that you have no fresh batteries.

(c) Compute the probability that you have at least 4 fresh batteries.

9. Artillery has a probability p=0.20 of hitting a practice target on any one round. The target is
considered destroyed when it has been hit by a total of three rounds.
(a) Compute the probability that the target is destroyed when the 3" round is fired (ie, three
hits in a row).
(b) Compute the probability that the target is destroyed when the 4" round is fired.
(c) Compute the probability that the target is destroyed after the 10" round. (Hint: this is
equivalent to the event that there are 2 or fewer hits among the first 10 rounds.)
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10. Manufacturer Alpha produces a continuous band of videotape that is used to fill your
company’s videocassettes. Assume the number of flaws in the videotape follows a Poisson
distribution and that there are on average 4 flaws per 100 linear feet.
(a) What is the probability that in a 50-foot length of videotape there will no flaws?
(b) What is the probability that in a 50-foot length of videotape there will be at least 3
flaws?
(c) What is the probability that in a 500-foot length of videotape there will be at least 30
flaws?

11. Your aircraft tracking facility is under review. At 0800, your morning shift staff of 8
technicians begins work. As each aircraft comes into your region, one staff member begins an
initial surveillance that lasts for at least 30 minutes. Because of the level of surveillance, each
staff member can only track one aircraft at any one time. Assume that aircraft come into your
region following a Poisson process at the rate of 20 per hour.

(a) What is the probability that in the first 15 minutes (from 0800 to 0815) your staff will
not be able to track all aircraft that come into your region?

(b) What is the probability that in the first 30 minutes your staff will not be able to track
all aircraft that come into your region?

(c) Over what time interval 0 <¢ < T are you 99% certain of being able to track all aircraft
that come into your region?

(d) What is the maximum aircraft arrival rate for which you could be 99% certain of
tracking all aircraft coming into your region during the first 30-minute interval?

(e) Assume that 99% of the time you must be able to track all aircraft coming into your
region over the first 30-minute interval. Assume the aircraft arrival rate is 20 aircraft
per hour. What is the minimum number of staff that you must have available in order
to accomplish your task?

Part lll

1. Assume the height of a midshipman is normal with population mean 70.7 inches and
population standard deviation 2.56 inches.
(a) Compute the probability that one mid will be shorter than 68 inches.
(b) Compute the probability that one mid will be taller than 6 feet.
(c) If two mids are picked at random, then what is the probability they will both be taller
than 6 feet?
(d) Compute the 3 quartile q, for amid’s height. (This is the height below which 75% of

midshipmen hei%hts fall.)

(e) Compute the 90" percentile for a mid’s height. (This is the height below which 90% of
midshipmen heights fall.)

(f) If 10 mid’s are picked at random, then what is the probability that at least 3 will be
shorter than 68 inches?

(g) If 10 mid’s are picked at random, then what is the probability that their average height
will be greater than 72 inches?
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Part IV

1. A new drug is being considered for adoption to treat high blood pressure. In a random
sample of 16 patients, the previously used drug A lowered blood pressure by an average of 10.1
points with sample standard deviation 5.7 points. The new drug B, when administered to a
random sample of 20 patients, lowered blood pressure an average of 13.5 points with sample
standard deviation 7.6 points. Assume the reduction in blood pressure for one patient follows a
normal distribution.

(a) Calculate a 99% two-sided confidence interval for u,, the mean amount that drug B

lowers blood pressure.
(b) Calculate a 95% two-sided confidence interval for x, — 1, the difference in mean

reductions in blood pressure.

2. Assume that each 5.56mm round of ammo has a factory rated probability p of misfiring

and that firing performances of individual rounds are independent of one another. LCPL
Wilcox fires a burst of 500 rounds resulting in 80 misfires. You are instructed by your CO to
estimate from this data the value of p. To fulfill your task, construct a 95% confidence

interval for p and write a short “report” stating your conclusion so that your CO will
understand it.
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