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PROBABILITY AND STATISTICS
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Time: 3 Hours






Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

---

1.a)
State and prove addition theorem of probability.

b)
A ten digit number. is formed using the digits from 0-9, every digit being  used only once. Find the probability that the number. is divisible by 4.

2.a)
Define discrete and continuous probability distributions with an example.

b)
A player tosses 3 fair coins.  He wins Rs.800 if 3 tails occur, Rs.500 if 2 tails occur, Rs.300 if one tail occurs.  On the other hand, he loses Rs.1000 if 3 heads occur.  Find the value of the game to the player.  Is it favourable?

3.a)
When one can say a distribution is Binomial?  Find the constants of the binomial distribution.

   b)
The probability that an entering student will graduate is 0.4.  Determine the probability that out of 5 students i) none, ii) one and  iii) at least one will graduate.

4.a)
A population random variable x has mean 100 and standard deviation 16. What are the mean and standard deviation of the sample mean   for random samples of size 4 drawn with replacement.

b)
Let S={1,5,6,8} Find the probability distribution of the sample mean   for random sample of size 2 drawn without replacement.

5.
Let X equal the weight of an unbranded $2.00 fish fry at a local restaurant in East Greenbush, NY. Assume that the distribution of X is N(11, a2). A random sample of n = 24 weights is:

4.4   3.8   5.1   4.6   4.5   4.5   4.8   4.1 3.9   4.2   4.4   4.9   5.0   4.3   4.4   3.6 5.2   4.8   4.4   4.6   4.6   5.0   4.0   4.5

   a)
Find point estimates of μ, σ 2, and σ

   b)
Find a 95% one-sided confidence interval for μ, which gives a lower bound for μ.
   c)
Does the assumption that these weights are normal seem to be justified? Why? 
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6.a)
A manufacturer of electronic equipment subject’s samples of two competing brands of transistors to an accelerated performance test. If 45 of 180 transistors of the first kind and 34 of 120 transistors of the second kind fail the test, what can he conclude at the level of significance α  = 0.05 about the difference between the corresponding sample proportions?







b)
On the basis of their total scores, 200 candidates of a civil service examination are divided into two groups, the upper 30 % and the remaining 70 %. Consider the first question of the examination. Among the first group, 40 had the correct answer, whereas among the second group, 80 had the correct answer. On the basis of these results, can one conclude that the first question is no good at discriminating ability of the type being examined here?




7.
Predict y at x= 3.75 by fitting a power curve to the given data

	x
	1
	2
	3
	4
	5
	6

	y
	2.98
	4.26
	5.21
	6.10
	6.80
	7.50


8.
Calculate the correlation coefficient r for the following data

	x
	63
	50
	55
	65
	55
	70
	64
	70
	58
	68
	52
	60

	y
	87
	74
	76
	90
	85
	87
	92
	98
	82
	91
	77
	78
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1.a)
A and B throw alternately with a pair of dice. One who first throws a total of nine wins. What are their respective chances of winning if A starts the game?

b)
Three boxes, practically indistinguishable in appearance have two drawers each. Box 1 contains a gold coin in one and silver coin in the other drawer, Box 2 contains a gold coin in each drawer and Box 3 contains a silver coin in each drawer. One box is chosen at random and one of its drawers is opened at random and a gold coin is found. What is the probability that the other drawer contains a coin of silver?    

2.a)
A sample of size 3 is selected at random from a box containing 12 items, of which 3 are defective.  Let X denotes the number of defective items in the sample.  Find the expected number E(X) of defective items.

b)
A pair of fair dice is tossed.  Let X denotes the maximum of the number appearing. i.e. X (a, b) = max (a, b), and let Y denote the sum of the numbers appearing, i.e. Y(a, b) = a + b.


Find the variance and standard deviation of X and Y.

3.a)
If the chance that one of the ten telephone lines is busy at an instant is 0.3.

i) What is the chance that 5 of the lines are busy?  ii) What is the most probable number of busy lines and what is the probability of this number?  iii) What is the probability that all the lines are busy?

b)
Fit a binomial distribution for the following data and compare the theoretical frequencies with the actual ones:

	x
	0
	1
	2
	3
	4
	5

	f
	2
	14
	20
	34
	22
	8


4.a)
Find the maximum difference that we can expect with probability 0.95 between the means of samples of sizes 10 & 12 from a normal population if their standard deviations are found to be 2 and 3 respectively.





b)
If two independent random samples of sizes n1 = 9 and n2 = 16 are taken from a normal population, what is the probability that the variance of the first sample will be at least 4 times as large as the variance of the second sample.
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5.a)
Independent random samples of the heights of adult males living in two countries yielded the following results: n = 12, ~x = 65.7 inches, sx = 4 inches and m = 15,  ~ y = 68.2 inches, Sy = 3 inches.  Find an approximate 98% confidence interval for the difference μx - μy of the means of the populations of heights.  Assume that σ2x -σ2y.
b) Let X and Y equal, respectively, the blood volumes in milliliters for a male who is a paraplegic and participates in vigorous physical activities and a male who is able-bodied and participates in normal activities. Assume that X is N (μx , σ2 x ) and Y is N(μy, σ2 y  ) respectively. Using the following n = 7 observations of X:
1612    1352    1456    1222    1560    1456    1924 and m = 10 observations of Y:
1082  1300  1092  1040   910 1248  1092  1040  1092  1288

i)
Give a point estimate for  μx - μy   

ii)
Find a 95% confidence interval for μx - μy. Since the variances σ2 x  and σ2 y. might not be equal, use Welch's T 
6.a)
In an air pollution study, the following amounts of suspended benzene soluble organic matter (in micrograms per cubic meter) were obtained at an experiment station for eight different samples of air: 2.2, 1.8, 3.1, 2.0, 2.4, 2.0, 2.1 and 1.2. Construct a 0.95 confidence interval for the corresponding true mean. 

   b)
A paint manufacturer claims that the average drying time of his new “fast-drying” paint is 20 minutes, and that a government agency wants to test the validity of this claim. Suppose, furthermore, that 36 boards painted, respectively, with paint from 36 different one-gallon cans of this paint dried on the average in 20.75 minutes.  Is this sufficient evidence to take appropriate action against the paint manufacturer? Justify.







7.
Fit an exponential curve of the y= AeBX for the following data.

	x
	1
	2
	3
	4

	 y
	7
	11
	17
	27


8.
Determine the least square regression line of (a) y on x (b) x on y (c) Find r using the regression coeffects (d) Find y(8)  (e) Find x(16).

	x :
	12
	10
	14
	11
	12
	9

	y :
	18
	17
	23
	19
	20
	15
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1.a)
A and B throw alternately with a pair of ordinary dice. A wins if he throws 6 before B throws 7 and B wins if he throws 7 before A throws 6. If A begins, show that his chance of winning is 30/61.

b)
Suppose 5 men out of 100 and 25 women out of 10,000 are colour blind. A colour blind person is chosen at random. What is the probability of the person being a male? (Assume male and female to be in equal numbers).

2.
Assume that 60% of all engineering students are good in English.  Determine the probability that among 18 engineering students.  a) Exactly 10, b) at least 10, c) at most 8, d) at least 2 and at most 9, are good; in English.

3.a)
When one can say a distribution is Poisson?  Deduce the Poisson distribution from binomial distribution and find its constants.

   b)
If the probability of a bad reaction from a certain injection is .001 determine the chance that out of 3,000 individuals more than two will get a bad reaction.

4.a)
Two random sample of sizes 15 and 25 are taken from a N (µ, σ2). Find the probability that the ratio of the sample variances does not exceed 2.28.


b)
Determine the probability that the sample mean area covered by a sample of 40 of 1 litre paint boxes will be between 510 to 520 square feet given that 1 litre of such paint box covers on the average 513.3 square feet with standard of 31.5 square feet.











5.
Consider the butterfat production (in pounds) for a cow during a 305-day milk produc​tion period following the birth of a calf. Let X and Y equal the butterfat production for such cows on a farm in Wisconsin and a farm in Michigan. Twelve observations of X are:

649  657  714  877  975  468 567  849  721  791  874  405

Sixteen observations of Y are:

699  891  632  815  589  764  524  727 597  868  652  978  479  733  549  790
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a)
Assuming that X is a N (μx, σ2 x )  and Y is N(μy, σ2 y  )  , find a 95% confidence interval for μx - μy
   b)
Construct box-and-whisker diagrams for these two sets of data on the same graph.

   c)
Does there seem to be a significant difference in butterfat production for cows on these two farms?

6.a)
It is desired to test the hypothesis μ0 =40 against the alternative hypothesis μ1 =42 on the basis of a random sample from a normal population with the standard deviation σ = 4. If the probability of a Type 1 error is to be 0.05 and the probability of a Type II error is to be 0.24, find the required size of the sample.

   b)
The diameter of rotor shafts in a lot has a mean of 0.249 inch and a standard deviation of 0.003 inch. The inner diameters of bearings in another lot have a mean of 0.255 inch and a standard deviation of 0.002 inch. (i) What are the mean and the standard deviation of the clearances between shafts and bearings selected from these lots? (ii) If a shaft and a bearing are selected at random, what is the probability that the shaft will not fit inside the bearing? (Assume that both dimensions are normally distributed)






7.
Fit an exponential curve of the form y = AeBX for the following data.

	x
	1
	2
	3
	4

	y
	7
	11
	17
	27


8.
(a)
Determine the total variation in y
(b)
unexplained variation is y  

(c)
explain variation in y 


(d)
find r for the following data.

	x
	6
	5
	8
	8
	7
	6
	10
	4
	9
	7

	y
	8
	7
	7
	10
	5
	8
	10
	6
	8
	6
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1.a)
Cards are dealt one by one from a well shuffled pack until an ace appears. Find the probability that exactly n cards are dealt before the ace appears.   

b)
In a factory, machine A produces 40% of the output and machine B produces 60%. On the average 9 items in 1000 produced by A are defective and 1 item in 250 produced by B is defective. An item drawn at random from a day’s output is defective. What is the probability that it was produced by A or B?

2.
A burglar alarm system has six fail-safe components.  The probability of each failing is 0.05 Find these probabilities.


a) Exactly three will fail
b) fewer than two will fail
c) None will fail 



d) Compare the answers for parts a, b and c and explain why the results are reasonable.

3.a)
Write are the characteristics of the Normal Distribution?

   b)
Each month, an Hyderabad house hold generates an average of 28 pounds of newspaper for garbage or recycling.  Assume the standard deviation is two pounds.  If a household is selected at random, find the probability of its generating.


i) Between 27 and 31 pounds per month ii) More than 30.2 pounds per month. (Assume the variable is approximately normally distributed.

4.a)
Define the statistics t and F and write down their sampling distributions. State the important assumptions in respect of them.






b)
Two independent random samples of sizes 8 and 7 gave variances 4.2 and 3.9 respectively. Do you think that such a difference has probability less than 0.05. Justify your answer.   
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5.
An interior automotive supplier is considering changing its electrical wire harness to save money. The idea is to replace a current 20-gauge wire with a 22-gauge wire. Since not all wires in the harness can be changed, the new wire must work with the current wire splice process. To determine if the new wire is compatible, random samples were selected and measured with a pull test. A pull test measures the force required to pull the spliced wires apart. The minimum pull force required by the customer is 20 pounds. Twenty observations of the forces needed for the current wire are:

28.8   24.4   30.1   25.6   26.4   23.9   22.1   22.5   27.6   28.1 20.8   27.7   24.4   25.1   24.6   26.3   28.2   22.2   26.3   24.4

Twenty observations of the forces needed for the new wire are:

14.1   12.2   14.0   14.6    8.5   12.6   13.7   14.8   14.1   13.2 12.1   11.4   10.1   14.2   13.6   13.1   11.9   14.8   11.1   13.5

   a)
Does the current wire meet the customer's specifications?

   b)
Find a 90% confidence interval for the difference of the means for these two sets of wire.

   c)
Construct box-and-whisker diagrams of the two sets of data on the same figure.

   d)
What is your recommendation for this company? 

6.a)
Inspecting ceramic tiles prior to their shipment, a quality control engineer detects 2, 3, 6, 0, 4, and 9 defectives in six cartons, each containing 144 tiles, What can we assert with a probability of 0.99 about the possible size of his error, if he uses the mean of this sample to estimate the true average number of defective tiles per carton?







   b)
An Oceanographer wants to check whether the average depth of the ocean in a certain region is 57.4 fathoms, as had previously been recorded. What can he conclude at the level of significance α  = 0.05 if soundings taken at 40 random locations in the given region yielded a mean of 59.1 fathoms with a standard deviation of 5.2 fathoms?








7.
Estimate y at x= 5 by fitting a least square curve of the form 
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 to the following data

	x
	3.6
	4.8
	6.0
	7.2
	8.4
	9.6
	10.8

	y
	0.83
	0.31
	0.17
	0.10
	0.07
	0.05
	0.04


8.
Use 
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 to find r for the following data

	x :
	21
	23
	30
	54
	57
	58
	72
	78
	87
	90

	y :
	60
	71
	72
	83
	110
	84
	100
	92
	113
	135
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