Discrete Probability Distribution / Expectations

1. A coin is biased so that a head is three times al likely to occur as a tail. Find the expected number of tails when this coin is tossed twice. Ans: 0.5
2. By investing in a particular stock, a person can make a profit in one year of $4000 with a probability 0.3 or take a loss of $1000 with probability 0.7. What is this person’s expected gain?  Ans: $500

3. Suppose that an antique jewelry dealer is interested in purchasing a gold necklace for which the probabilities are 0.22, 0.36, 0.28 and 0.14, respectively, that she will be able to sell it for a [profit of $250, sell it for a profit of $150, break even, or sell it for a loss of #150. What is her expected profit?  Ans: $88
4. Let X be a random variable with the following probability distribution:
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Find the standard deviation of X. 
Ans: 3.041
5. The random variable X, representing the number of errors per 100 lines of software code, has the following probability distribution:
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Find the variance of X. Ans: 0.74
6. Twelve people are given two identical speakers to listen for differences, if any. Suppose that these people answered by guessing only. Find the probability that three people claim to have heard a difference between the two speakers. Ans: 0.0537
7. In a certain city district the need for money to buy drugs is stated as the reason for 75% of all thefts. Find the probability that among the next 5 theft cases reported in this district (a) exactly 2 resulted from the need for money to buy drugs; (b) at most 3 resulted from the need for money to buy drugs.  Ans: 0.0879; 0.3672
8. If the probability is 0.05 that any one person will dislike the taste of a new mouthwash, what is the probability that at least 2 of 15 randomly selected persons will dislike it?  Ans: 0.172

9. According to a survey by the Administrative Management Society, one-half of U.S. companies give employees four weeks of vacation after they have been with the company for 15 years. Find the probability that among 6 companies surveyed at random, the number that give employees 4 weeks of vacation after 15 years of employment is (a) anywhere from 2 to 5;  (b) fewer than 3. Ans: 0.8750; 0.3438
10. According to a study published by a group of University of Massachusetts sociologists, approximately 60% of the Valium users in the state of Massachusetts first took Valium for psychological problems. Find the probability that among the next 8 users interviewed from this state (a) exactly 3 began taking Valium for psychological problems (b) at least 5 began taking Valium for problems that were not psychological.  Ans: 0.1239; 0.5941 
11. A study examined national attitudes about anti-depressants. The study revealed that approximately 70% believe “anti-depressants don’t really cure anything, they just cover up the real trouble.” According to this study, what is the probability that at least 3 of the next 5 people selected at random will be of this opinion? Ans: 0.8369
12. According to genetics theory, a certain cross of guinea pigs will result in red, black, and white offspring in the ratio 8:4:4. Find the probability that among 8 offspring 5 will be red, 2 black, and 1 white. A safety engineer claims that only 40% of all workers wear safety helmets when they eat lunch at the workplace. Assuming that his claim is right, find the probability that 4 of 6 workers randomly chosen will be wearing their helmets while having lunch at the workplace.  Ans: 21/256
13. If four clerks prepare all the billings in a company office and it has been determined that 40% of all erroneous billings are prepared by clerk A, 20% by clerk B, 10% by clerk C, and the rest by clerk D, what is the probability that among seven randomly selected erroneous billings two were prepared A, one by B, one by C and three by D?  Ans: 0.036

14. Suppose that for a very large shipment of integrated-circuit chips, the probability of failure for any one chip is 0.10. Assuming that the assumptions underlying the binomial distributions are met, find the probability that at most 3 chips fail in a random sample of 20.  Ans: 0.8670

15. A homeowner plants 6 bulbs selected at random from a box containing 5 tulip bulbs and 4 daffodil bulbs. What is the probability that he planted 2 daffodil bulbs and 4 tulip bulbs?  Ans: 5/14
16. From a lot of 10 missiles, 4 are selected at random and fired. If the lot contains 3 defective missiles that will not fire, what is the probability that (a) all 4 will fire? (b) at most 2 will not fire? Ans: 1/6; 29/30
17. What is the probability that a waitress will refuse to serve alcoholic beverages to only 2 minors if she randomly checks the IDs of 5 students from among 9 students of which 4 are not of legal age?  Ans: 10/21
18. Among a department store’s 16 delivery trucks, 5 have worn brakes. If 8 trucks are randomly picked for inspection, what is the probability that this sample will include at least 3 trucks with worn brakes?  Ans: 0.500

19. A manufacturing company uses an acceptance scheme on production items before they are shipped. The plan is a two-stage one. Boxes of 25 are readied for shipment and a sample of 3 are tested for defectives. If any defectives are found, the entire box is sent back for 100% screening. If no defectives are found, the box is shipped. (a) What is the probability that a box containing 3 defectives will be shipped? (b) What is the probability that a box containing only 1 defective will be sent back for screening?  Ans: 77/115; 3/25
20. A nationwide survey of 17,000 seniors by the University of Michigan reveals that almost 70% disapprove of daily pot smoking. If 18 of these seniors are selected at random and asked their opinions, what is the probability that more than 9 but less than 14 disapprove of smoking pot? Ans: 0.60776
21. If a florist has 10 geraniums on display, 7 in green flowerpots and the rest in white flowerpots, and a customer buys 6 of these potted plants, selecting them at random, what are the probabilities that she selects (a) 4 geraniums in green flowerpots; (b) at least 4 geraniums in green flowerpots?  Ans: 0.5; 0.833

22. Population studies of biology and the environment often tag and release subjects in order to estimate size and degree of certain features in the population. Ten animals of a certain population thought to be extinct (or near extinction) are caught, tagged and released in a certain region. After a period of time, a random sample of 15 of the types of animals is selected in the region. What is the probability that 5 of those selected are tagged animals if there are 25 animals of this type in the region? Ans: 0.2315
23. A government task force suspects that some manufacturing companies are in violation of federal pollution regulations with regard to dumping a certain type of product. Twenty firms are under suspicion but all cannot be inspected. Suppose that 3 of the firms are in violation. (a) What is the probability that inspection of 5 firms finds no violation? (b) What is the probability that the plan above will find two violations? Ans: 0.3991; 0.1315
24. The probability that a person, living in a certain city, owns a dog is estimated to be 0.3. Find the probability that the tenth person randomly interviewed in that city is the fifth one to own a dog? Ans: 0.0515

25. According to a study published by a group of University of Massachusetts sociologists, about two-thirds of the twenty million persons in this country who take Valium are women. Assuming this figure to be a valid estimate, find the probability that on a given day the fifth prescription written by a doctor for Valium is (a) the first prescribing Valium for a woman (b) the third prescribing Valium for a woman.  Ans: 2/243; 16/81
26. On average a certain intersection results in 3 traffic accidents per month, what is the probability that for any given month at this intersection (a) exactly 5 accidents will occur? (b) less than 3 accidents will occur? (c) at least 2 accidents will occur?  Ans: 0.1088; 0.4232; 0.8009
27. A restaurant chef prepares a tossed salad containing, on average, 5 vegetables. Find the probability that the salad contains more than 5 vegetables (a) on a given day (b) on 3 of the next 4 days (c) for the first time in April on April 5.  Ans: 0.3840; 0.1395; 0.0553

Normal Distribution

28. Given the normally distributed variable X with mean 18 and standard deviation 2.5, find (a) P (X < 15) (b)The value of k such that P (X < k) = 0.2236; (c) The value of k such that P (X > k) = 0.1814; (d) P (17 < X < 21). Ans: 0.1151; 16.1; 20.275; 0.5403
29. A research scientist reports that mice will live an average of 40 months when their diets are sharply restricted and then enriched with vitamins and proteins. Assuming that the lifetimes of such mice are normally distributed with a standard deviation of 6.3 months, find the probability that a given mouse will live (a) more than 32 months; (b) less than 28 months; (c) between 37 and 49 months. Ans: 0.8980; 0.0287; 0.6080
30. The lengths of the sardines received by a certain cannery have a mean of 4.62 inches and a standard deviation of 0.23 inch. (a) What percentage of all these sardines is longer than 5 inches? (b) What percentage of the sardines is between 4.35 and 4.85 inches long?  Ans: 0.0495; 0.7203

31. The trees in a forest have a mean height of 39.5 feet with a standard deviation of 2.2 feet. Assuming normal distribution, find (a) what percentage of the trees are less than 38 feet tall; (b) what percentage of the trees are at least 40 feet tall; (c) what percentage of the trees are between 38 and 40 feet tall? (d) the height below which are the shortest 30% of the trees; (e) the height above which are the tallest 30% of the trees.  Ans: 24.8%; 40.9%; 34.3%; 38.4 feet; 40.6 feet  

32. The weights of a large shipment of bronze castings are random variables which have a normal distribution with mean 50.25 pounds and a standard deviation of 0.63 pounds. What is the probability that a casting selected from this shipment will weigh (a) less than 49 pounds; (b) more than 50.5 pounds; (c) between 50 and 51 pounds?  Ans: 0.0239; 0.3446; 0.5384

33. The actual amount of instant coffee which a filling machine puts into “6-oz” cans varies from can to can, and it may be looked upon as a random variable having a normal distribution with a standard deviation of 0.04 oz. If only 2% of the cans are to contain less than 6 oz of coffee, what must the mean fill of these cans be?  Ans: 6.08 oz.

34. A random variable has a normal distribution with a standard deviation 3.75. If the probability is 0.9961 that the random variable will take on a value less than 145.6, what is the probability that it will take on a value between 125.8 and 129?  Ans: 0.0347
35. A lawyer commutes daily from his suburban home to his midtown office. The average time for a one-way trip is 24 minutes, with a standard deviation of 3.8 minutes. Assume the distribution of trip times to be normally distributed. (a) What is the probability that a trip will take at least ½ hour? (b)If the office opens at 9:00 AM and he leaves his house at 8:45 AM daily, what percentage of the time is he late for work? (c)If he leaves the house at 8:35 AM and coffee is served at the office from 8:50 AM until 9:00AM, what is the probability that he misses coffee? (d) Find the length of time above which we find the slowest 15% of the trips. (e) Find the probability that 2 of the next 3 trips will take at least ½ hour. Ans: 0.0571; 99.11%; 0.3974; 27.952 minutes; 0.0092 
36. In the November 1990 issue of Chemical Engineering Progress a study discussed the percent purity of Oxygen from a certain supplier. Assume that the mean was 99.61 with a standard deviation of 0.08. Assume that the distribution of percent purity was approximately normal. (a) What percentage of the purity values would you expect to be between 99.5 and 99.7? (b)What purity value would you expect to exceed exactly 5% of the population?  Ans: 0.7852; 99.74
37. The average life of a certain type of small motor is 10 years with a standard deviation of 2 years. The manufacturer replaces free all motors that fail while under guarantee. If he is willing to replace only 3% of the motor that fail, how long a guarantee should he offer? Assume that the lifetime of a motor follows a normal distribution. Ans: 6.24 years
38. A company pays its employee an average wage of $15.90 an hour with a standard deviation of $1.50. If the wages are approximately normally distributed and paid to the nearest cent, (a) What percentage of the workers receives wages between $13.75 and $16.22 an hour inclusive? (b) The highest 5% of the employee hourly wages is greater than what amount? Ans: 58.77%; $17.46

39. A baker knows that the daily demand for whole pecan pies is a random variable with a distribution which can be approximated closely by a normal distribution with a mean of 43.3 and a standard deviation of 4.6. What is the probability that the demand for these pies will exceed 50 on any given day?  Ans: 0.0582

40. The tensile strength of a certain metal component is normally distributed with a mean 10000kilograms per square centimeter and a standard deviation of 100 kilograms per square centimeter. Measurements are recorded to the nearest 50 kilograms per square centimeter. (a)What proportions of these components exceed 10159 kilograms per square centimeter in tensile strength? (b) If specifications require that all components have tensile strength between 9800 and 10200 kilograms per square centimeter inclusive, what proportion of pieces would we expect to scrap? Ans: 0.0401; 0.0244
Problems were lifted from the following reference materials:

Elementary Business Statistics, 6th edition by John Freund, et al.

Probability and Statistics for Engineers and Scientists, 7th edition by Walpole and Myers  
