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M.Sc., Sem.-I

MAT-401 : Mathematics
(Mathematical Statistics)
(New)

Time : 2:30 Hours] [Max. Marks : 70

Instructions : (1) All questions are compulsory.
(2) Use of non-programmable scientific calculator is allowed.

1. (a) State and Prove Chebyshev’s Inequality. 7
(b) State (only) Bayes’ Theorem. 7
Following aircraft accidents, a detailed investigation is conducted. The probability
that an accident due to structural failure is correctly identified is 0.9 and the
probability that an accident that is not due to structural failure being identified
incorrectly as due to structural failure is 0.2. If 25% of all aircraft accidents are
due to structural failure given that it has been diagnosed as due to structural
failure.
OR
1. (a) Consider the following probability density function : 7
kx, 0<x<a
f (x) = k(2a—x), a<x<2a
0, otherwise
(i)  Find the value of k for which f'is a probability density function.
(i) Find mean, variance and cumulative distribution function of X.
(b) Define Conditional, Marginal and Joint probabilities with suitable examples. 7
2. (a) The continuous random variable W has the PDF f_(w) = 2wX1-w), 0 <w < I.
1
Calculate P(W) < 5 and determine an expression for the CDF f (w). Also
Calculate E(W), Var(W) 7
(b) The probability distribution of a random variable X is given by 7
( 1/2 , x=0
l g, x=1
fx(x)=< 1/8 , X=2
1/8 , x=3

\ 0 , otherwise
(i) Evaluate E(X) and V(X) using moment generating function.

(i) IfY = (X -2)? find the CDF for Y.
OR
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2.  (a) Explain Joint, Marginal and Conditional Expectations for Continuous random
variable with suitable examples. 7

(b) Consider the probability distribution of the discrete random vector [X, X, ], where
X, represent the number of orders for Aspirin Tablets in August at the
neighbourhood drugstore and X, represents the number of orders in September.
The joint distribution is shown in the table below : 7
X,
X,

51 52 53 54 55

51 0.06 | 0.05 | 0.05 | 0.01 | 0.01
52 0.07 | 0.05 | 0.01 | 0.01 | 0.01
53 0.05 | 0.10 | 0.10 | 0.05 | 0.05
54 0.05 | 0.02 | 0.01 | 0.01 | 0.03
55 0.05 | 0.06 | 0.05 | 0.01 | 0.03
(i) Find the marginal distribution.

(i) Find the expected sales in September given that sales in August were either
51, 52, 53, 54, or 55.

3. (a) Suppose the amount of time it takes to assemble a plastic module range from 27 to

39 seconds and that assembly times are uniformly distributed. 7
(i) What is the probability that a given assembly will take between 30 and 35
seconds ?
(i) What is the probability that a given assembly will take fewer than 30
seconds ?
(b) Derive Mean, Variance and Moment Generating Functions of Geometric
distribution. 7
OR
3. (a) Explain relationship between Poisson Distribution and Exponential Distribution
with necessary calculations. 7

(b) Suppose 18 major computer companies operate in the India and out of that 12 are
located in Gujarat. If three computer companies are selected randomly from the
entire list, what is the probability that one or more of the selected companies are
located in the Gujarat ? 7

4. (a) State Normal approximation to Binomial distribution. 7
In sampling from production process that produces items of which 20% are
defective, a random sample of 100 items is selected each hour of each production
shift. The number of defectives in a sample is denoted by X. Find the probability
of getting less than or equal to 15 defectives in a sample.

(b) Write Mean and Variance of Lognormal Distribution and mention its properties.
Also, explain why lognormal distribution does not have moment generating
function. 7

OR
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4. (a) An assembly consists of three linkage components XI, X2 and X3 in series. Let
Y = X1 + X2 + X3. The properties of XI, X2 and X3 are given below, 7

X, ~N(12,0.02)
X, ~N(24,0.03)
X3 ~N (18, 0.04)
If X1, X2 and X3 are independent, determine P(53.8 <Y < 54.2)
(b) Derive Mean and Variance of the Normal distribution and state its characteristics. 7

5. Attempt any SEVEN out of TWELVE : 14
(1) State the Central Limit Theorem along with the necessary general conditions.
(2) Suppose X is a random variable such that E(X) = 3 and V(X) = 5. In addition, let

H(X) =2X - 7. Find E[H(X)] and V[H(X)].
2
(3) If X has a lognormal distribution with parameters p,, and 6, and if a, b and are

constants such that b = ed, then W = bX? has a lognormal distribution with
parameters and

(4) Define the moment-generating function if the probability distribution of a random
variable X is exponentially distributed.

(5) Define : Skewness and Kurtosis.

(6) State Cauchy-Schwartz Inequality.

(7) Write Geometric distribution as a limiting case of Pascal distribution.

(8) The manager of a job shop does not know the probability distribution of the time
required to complete an order. However, from past performance she has been able
to estimate the mean and variance as 14 days and 2 (days)?, respectively. Find an
interval such that the probability is at least 0.75 that an order is finished during
that time.

(9) The random variable Y = InX has a N(10,4) distribution. Find E(X) and the mode
of the distribution of X.

(10) Show that M (t) =G (e") and G (t) =M (In t).
(11) Define Probability generating function.
(12) Which are the distributions having the memoryless property ?
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