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NOTE: Attempt any FIVE questions. All questions carry equal marks.
Q.1.
a) Define exponential distribution. Name some of exponential distributions

b) A restaurant serves eight entries of fish, 12 of beef and 10 of poultry .if customer selects
these entries randomly, what is the probablhty that two of the next four customers order
fish entrees?

¢) The painted light bulbs produced by a company are 30% red, 30% blue and 40% green.
In a sample of 7 bulbs, find the probability that 2 are red, 3 is green and 2 are blue.

(747+6)
Q2.

a) Write down the general procedure for testing of hypothesis.
b) Construct a confidence interval for variance of a normal population.
c) The following are the weights in ounces of 10 cans of peaches distributed by a certain
company: '
16.4, 16.1, 15.8, 17.0, 16.1, 15.9, 15.8, 16.9, 15.2 and 16.0.

i) Test the Null Hypothesis & *=16 against the alternative hypothesis that

o %16 at 5% level of significance.
i) Find a 99% Confidence Interval for the variance of all such cans of
peaches, distributed by this company and interpret.

(7+8+5)

Q.3.

a) Define the following

i) Type | and type |l errors
i) P-value
iii) Central limit theorem

b) Explain the relationship between Z, F and t distribution.

C) In an experiment to decide whether butter and margarine can be distinguished, 90
individuals were selected and each of them given three sandwiches, two containing
butter and other one containing margarine. They were then asked which one of the
three contain margarine, 38 correct identifications were made. Test the significance of
the experiment.

(9+5+6)

Q4.

a)  Write a note on Chebyshev's theorem.

b) Given that Ho:u:=200 against the alternative H,:u<200, n=100, a = 0.023 and ¢ = 25
i. Using the given information find the values of the sample mean that would lead to the
acceptance of Hy.
ii. Compute B if p is actually 191.
iil. Compute the power of test and interpret the result.
c) A random sample of 200 voters is ‘selected and 120 are found to support an

annexation suit. Find the 96% confidence interval for the fraction of the voting
populatlon favored the suit.

(5+5+10)

a) Explain the general procedure for Fisher's exact test.

b) Find the unbiased estimates of the least square regression line .Also find their
covariance.

) The back fat thickness (y) and slaughter weight (x) for certain kind of animals fed on
two different rations are given below

The data for treatment | are:

Y, | 42 | 38 53|34 |35 31| 45 | 43
X, | 206 | 261|279 221|216 | 198 | 277 | 250 P.T.O.
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The data for treatment Il are
Y, 33 34 | 38| 33| 26 | 28 37 31
X, | 167 | 192 | 204 | 197 | 181 | 178 | 236 204

Compute the two regression coefficients and test the hypothesns that they are
estimates of common B.

.(6+6+8)

Q.6. a) What is non-parametric problem? Discuss the advantages and dlsadvantages of
non-parametric tests.

b) In the manufacture of automobile gears, the following data were obtained for
the daily number of defectives for a production of 100 parts per day:

22 123121 |17 |38 |125{20 |16 |14 | 26| 15| 25| 29

26 | 25|26 (32| 262330 |31|43|18 |26 |21 22
18124 116 {16 | 17 {16 )28 | 32| 18 | 26 | 36 | 42 | 36
34 | 24

Is the number of runs above and below the median at o= 0.05 regarded
asa random sample?

C) Test the hypothesis by the KOLMOGOROV- SMIRNOV method, that the following sample:
036, 092, -056, 1.86, 1.74, 0.56, -095 0.24, -0.15, -0.74, 032, 082,
0.70, -0.10, -1.06, 0.15, 0.55, -0.48, -0.49 come from a normal population with mean 0.5
and variance 1. Use a = 0.05.

(7+4+4+5)
Q.7. a) Explain fully the following Non-parametric tests
(i) KOLMOGOROV- SMIRNOV method
(i) The Mann- Whitney U test.
(iii) The Run test.
(iv) The Sign test
b)  The nicotine content of two brands of cigarettes, measured in milligrams was found
to be as follows:

Brand A 2.1, 40, 63, 54, 48, 3.7, 6.1, 3.3
BrandB |4.1,06,31, 25, 40,62, 16, 22,1.9,54

Test the hypothesis at 5% level of significance, that the average nicotine contents of
the two brands are equal against the alternative that they are unequal.

(12+8)

Q.8. a) What is meant by sequential analysis? Explain the general testing procedure of
sequential test.

b) A random sample of 15 adults living in a small town is selected to estimate the
proportion of voters favoring a certain candidate for mayor. Each individual was
also asked if he or she was a college graduate. By letting Y and N designate
the responses of “yes” and “no” to the education question, the following
sequence was obtained

NNNNYYNYYNYNNNN

Use the runs test at the 0.05 level of significance to determine if the sequence
supports the contention that the sample was selected at random.

(8+12)
Q.9.
a) Express f(a+nh) in terms of f(a) and successive differences of f(a) where n is
an integer.
b) [nterpolate the value of f(8) from the following data.

X _ 16 [9 110 [12 [13 [15
f(X) 113 |18 |21 |30 |32 |35

By using
Lagrange’s formula for unequal interval
Newton's formula for unequal interval
© (6+ 14)
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NOTE: Attempt any FOUR questions. All questions carry equal marks.

Q.1.a) A five sided dice with sides number {1.2,3,4,5} is constructed so that 1  (8)

b)

Q.2.a)

b)

Q.3.a)

b)

and 5 occur twice as often 2 and 4 which occur 3 times as often as

number 3. What is the probability that a perfect square occur when this
dice is rolled.

In the senior year of a high school graduating class of 100 students, 42  (8)
studied mathematics, 68 studied psychology, 54 studied history 22
studied both mathematics and history, 25 studied both mathematics and
psychology, 7 studied history but neither mathematics nor psychology 10
studied all three subjects, and 8 did not take any of the three. If a student

is selected at random, find the probability that '

i) Person enrolled in psychology takes all three subjects.

i) A person not taking psychology is taking both history and
mathematics.

A father, mother, 2 boys, and 3 girls are asked to line up for a photograph. ~ (9)
Determine the number of ways they can line up if

i) there are no restrictions :

ii) the parents stand together

iii) the parents do not stand together

Bowl A contains 2 red chips; bowl B contains two white chips; and bowl C  (10)
contains 1 red chip and 1 white chip. A bowl is selected at random, and

one chip is taken at random from that bowl. What is the probability of
selecting a white chip?

State and Prove Bayes Theorem. : (8)
Find the ¢.d.f. of the random variable from the p.df. (7)
e’ 0<x<w
/) _{ 0 otherwise

and use it to evaluate P(0.5<Xx <I).

Find m.g.f. of Poisson distribution and generate first four mean moments  (15)
from it.

If X has a Geometric distribution then show that P(X>a+b / X>a)= P(X>b). (10)

s
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b)

Q.6.a)

£

Obtain the moment generating function of Normal distribution.

State and prove Law of large numbers.

If (x, y) has a bivariate normal distribution then show that the marginal
distribution of X is univariate normal distribution i.e. X ~ N(u,,0?).

lff(x,y)=x2+%y— 0<x<l, 0<y<2

=0 elsewhere
Find the value of p,, .

Given that X ~ N(u,6*). Obtain the distribution of ¥ =|X] and also show
that the area under the probability curve is unity.

Derive F- distribution.

If the random variable X has normal distribution with mean ‘m’ and
variance ‘o*’. Obtain the distribution of Y=aX+b.

If X and Y are random variables with p.d.f
f(x,y)= 4xye'(“1”’1)0 <x;y<o0

Find the p.d.fof ZwhereZ =V X? +Y?.

Let Y, <Y, <Y, <Y, <¥; be the order Statistics of a random sample of size
5 from the distribution having p.d.f.

f(x)=e7, O<x<w
Show that the statistics Z =Y, and Z,=Y,-Y, are statistically
independent.

(15)
(10)

(15)

(10)

(10)

(10)

()

(15)

(10)
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a)
b)
¢)

a)
b)

b)

b)

What are the basic principles of experimental design? 10
What is a contrast? Discuss the Test of Orthogonal Contrasts? 10
Define the relative efficiency. How would you calculate the relative efficiency of LS 5
design relative to RCB design with rows as blocks?

Prove that for CR design E[MSE]=c" for random effect model (equal size) . 10

Given below the ANOVA table for RCB desngn complete the table and also interpret 5
the result.

S.0.V d.f SS MS F-ratio
B/W consignments 5 - - -
B/W ObserverS - 13.13 - -
Error 15 - 0.87 -
Total 23

Given a (P xP) Latin Square design. Show that the estimate of one missing 10

observation is

_ p(R+C+T)-2G
(p-p-2)

Given below is the sum of cross producté for a RCBD with one covariate. Complete 13
the analysis and draw conclusions.

S.O.V d.f XY YY XX

Blocks 2 19111 1.2667 0.9330
Treatments 14 103111 19.4000 68.1333
Error 28 10.7556 7.4000 13.7333

i. Isthe regression of Y on X significance at 5% level?
ii.  Construct ANOVA and write the inference.

What is a Latin Square Design? Construct a Latin Square Design for studymg the“u
effects of five factors. Outline the ANOVA table. :

In which condition we use a single replicate in a 2* factorial design? And in thlS 10'. v
situation how can we estimate the error SS? -
A soft drink bottler is interested in obtaining more uniform fill height in the bottles 15
produced by his manufacturing process. The process engineer can control percentage.
carbonation, the operating pressure in the filler and the bottles produced per minute or -
the line speed during filling process. Two levels of carbonation, two levels of pressure
and two levels of line speed are selected to study the effect of these factors in filling
process. A factorial experiment with two replicates is conducted, the order in which the
16 observations are taken is determined randomly. The coded data are given below.
Analysis the data using Yates technique for computing contrasts

PTo.
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Q.5 a)

b)

Q.6 a)
b)
b)

Q.7 a)
b)

-*

Percent Operating Pressure
Carbonation 25 psi 30 psi
Line Speed Line Speed
200 - 250 200 250
10 -3 -1 -1 1
-1 0 0 1
12 0 2 2 6
1 1 3 5

What do you mean by confounding? Explain the difference between complete and 12
partial confounding with examples.

Complete ANOVA table for the following factorial experiment ABC is completely 13

confounded.
Rep.] Rep.]I
1 2 1 2
=4 (1)=10 a=6 bc=6
a=6 ab=7 abc=9 ac=8
c=9 be=8 c=8 - (=11
abc=5 ac=6 b=7 ab=8
Compare a split-plot experiment with factorial experiment. 8
Write the advantages and disadvantages of RCB design and split plot design. 7

In an experiment on rice, there are 4 methods of irrigation to be compared, on main 10
plot, with 3 fertilizer mixtures on subplots. Two complete blocks were used. The Total
SS, Block SS and Whole Plot Error are 3.0200, 0.0004 and 0.6509 respectively. The
following table shows the sum of two blocks. Complete the ANOVA Table and draw

your conclusion.

I, I, L I,

F, 4.68 4.34 3.78 4.67
F, 5.02 491 401 4.67

| Fs 6.00 5.16 410 5.45

i.  Find the standard Error of the difference between two Fertilizer means.
ii.  Find the standard Error of the difference between two Irrigation means.

Explain incomplete block designs. Compare BIBD with PBIBD, giving examples. 12

Data on screen colour difference on a television tube measured in degrees Kelvin are to 13
be compared for four operators. On a given day only three operators can be used in the
experiment. A balanced incomplete block design gave results as follows:

Operators Days
Monday | Tuesday | Wednesday | Thursday
1 173 174 - 171
2 - 175 167 172
3 183 175 168 -
4 175 -

172 175

i d
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Q#1 (a) | Discuss the role of samphng theory and various steps 1nvolh d during the [ 12
planning and execution of a survey.

b) | Show that the variance of the estimate of populatlon total y N AT
simple random sample is V (9) = N?(1 — f)—-

"Q#Z(;T_*Explam the idea of Inverse 55111pling. o R T
B (b) | If i, x; are a pair of variates defined on every unit in the poyi:laite L and " R
are the corresponding means from a simple random sample o1 sz n, thet.
prove that
cone =S -
ov(x,y) = - :
y 77_N N 1 (xl X) (yl } !
| - Q=1 e
Qi#3 (a) | Describe the different ways of allocation of sample size in Strtit, bt
-— .. — - -..4.\«.,_.__...‘::‘:.}_ — H

(b) | If the terms in — — are ignored relative to unity, show that for cstinaied e

from stratified random sample of size n,,,
. Vopc < Vprap V an
Where the optimum allocation is for fixed ‘n

Q#4(a) | Define systematic sampling. In how many ways you sele cl i systornai i0
sample? ,
(b) | Show that the variance of the mean of the systematic sample is ' : 1 i

N-1 kln-1)
o 2 _ 2 1
V(ysz) = ( N )S ‘ N Swsy |
where szvsy = k(n_—l) 5.—.1 E?:l(yij - 3—’i.)2 |

Q#5(2) Derive the following expression to compare the separate anc ¢ minined raiic i

estimates;

b e
'

L
NZ(1-f,
V(Prc) = V(Prs) = Z _'L(Tlhﬁ [(R = Rp)?SE, + 2(Ry = R)(pnSy, &, - RKpSiei)

h

. Pro



- e e c— e R

[ -w
i .

(b) | Show that the co-efficient of variatic: of B. g, Ypaw 1l ecual, 12 1
‘ . - — o N ’
Q#6 (a) | Show that the value of by that minim. s § £, isB= ° 08 :
(b) | Suppose that the finite population va uss i (= 1,2,. N) are randomly | 12
drawn from an infinite super-pc-ulat's. in A/ yi = a+ fx
+¢&; where ¢; are independent with zerom - wand . ariancz o, fixed x, prove i
that, for any size of sample, the linear 12gressian estime *, 1% model !
) . . — 1 K-
unbiased with variance V(¥;,.) = ¢ [(— R ,
n_ N Tpm O R j
Q#7 (a) | Define ‘'uster sampling. What are the reason: of using -iuster sa1 ? 08
(b) Calcula‘s za expression for the optimuu:)é-‘-ue of M. the size of ¢ REREE
using the cost function , i
C= ClnM + (‘\/7'_1 :
Where i~ is the total cost of the survey.
Q#8 (a) | Explain triefly how you would select a PPS sample usire 1ansen-liarwi,
scheiie.
S
®) An :niial random sample of size n is selected withou: replacernent and
inforraation of x is collected. Second sample of siz¢ n is taken without
replacement from the initial sample and y is measured. & i+ 1 good guess of the i
ras) of y to x in the population. Show that 4 = § — «.é + k& is wibiased
- 7 r AN o _1- l 2 1 1 N SN !
estimate of ¥ and V(1) = (n - N) Sy = & —DkS, (21 Sy = I_(.Sl ).
Q#9 | W:ite a short note on the following: ' 5 cach |
i.  Design Effect E
~ii.  Method of controlled selection
! ili.  Double sampling .
J_ iv.  Non response error R
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