C. S. (MAIN) EXAM, 2009

No 000199 C-DTN-J-TUB

STATISTICS
Paper |l

Time Allowed : Three Hours Maximuim Marks : 300

INSTRUCTIONS

Each question is printed both in Hindi and
in English.

Answers must be written in the medium
specified in the Admission Certificate issued
to you, which must be stated clearly on the
cover of the answer-book in the space provided
for the purpose. No marks will be given for
the answers written in a medium other than
that specified in the Admission Certificate.

Candidates should attempt Questions no. 1
and 5 which are compulsory, and any three
of the remaining questions selecting at least
one gquestion from each Section.

Assume suitable data if considered necessary
and indicate the same clearly.

Symbols [ notations used carry usual
meaning, urnless otherwise indicated.
Charts/figures, wherever required, are to be
drawn in the answer book itself and not on
separate graph sheet.

The number of marks carried by each
question is indicated at the end of the
question.
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SECTION A ' ,

1. Attempt any five sub-parts of the following :

(a)

(b)

(c)

Describe classification of states in a Markov chain.
Define n-step transition probability. Prove the
following Chapman — Kolmogorov equation for the
transition probabilities :

(n+1) _ {n)
P = Z Pik Pyj
k

What are the goals achieved through sensitivity
analysis ? If in the following linear programming

problem (L.P.P.):
Maximize z = 3x; + 2X,; + 5Xj
subject to X, + 2x%, + X5 = 430
3x, + 2x45 = 460
x, + 4%, = 420
Xy, Xgy Xg = O
the profit coefficient of x, is reduced to 2 from 3,
determine whether the original solution remains
optimal.
In a life test with replacement, 35 heaters were put
into continuocus operation and the first five failures
occurred after 250, 380, 610, 980 and 1250 hours.

(1) Assuming the exponential model, construct a
95 percent confidence interval for the mean
life of this kind of heater.

12

12
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? ? gfE frafafma as wm= 95 (Lep) -
mﬁmﬁmz=3x1+2x2+5x3

EGIE? Xy + 2%, + x5, = 430
3%, + 2x4 = 460
Xy + 4%, = 420
Xy, X5, X3 = 0O

H x, & WY ToT% & 3 9 HT w4k 2 X f&
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a1 =&l | 12

() g WiEd R ST olwo # 35 dedl =)

250, 380, 610, 980 T4l 1250 HZ A ufed T |

L Al fAgEf ad gu, 39 9ERR & deT
& 3gq Ssiteq & fau s o5 wfawia
favyarear sique & 99 SifSg |
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Test the manufacturer’s claim that the mean
life of these heaters is at Ieast 5000 hours at
5% level of significance.

Given

2 o o .
X o025 (10) = 2048, X[ g,5 (10) = 3-25,

xg.% (10) = 3-94, xﬁ.ﬂs (10) = 18-31

Describe a CUSUM control chart. Compare this
chart with a Shewhart chart with respect to
performance. How is a V-mask useful in CUSUM
charts ?

What is the effect of lengthening of a test on its
(i) reliability and (ii) validity ?

A given test has a reliability coefficient of 0-8 and
standard deviation 20. What is the estimated
reliability coefficient of this test in a group in which
standard deviation is 15 ?

Explain (1) feasible solution and (ii) basic solution
in the context of linear programming problem
(L.P.P.).

Prove that the objective function of a L.PP
assumes its minimum at an extreme point of the
convex set generated by the set of all feasible
solutions to the problem, and if it assumes its
minimum at more than one extreme point then it
takes on the same value for every convex

combination of those particular points. 12
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2 . 2 .
x0.025 (10) = 20 48: X0_975 (10) = 3 25,

2 ) 2 _ -
x0-95 (10) = 3-94, XO_OS (10) = 18-31

T FTEA (cusum frdmo wd o geia
HINT | 39 I T AT TH @I 9 | 3T
TeriT ¥ ARE HET | cUSUM TRF B VTS
g YR ITarh € ?

forell adiequr =it enaTs g § s9eh! () feeawHTar
qAT (i) S I FAT TG TSAT & ?

T fo@ 7Tq ydeger | fagagigar UNE 0-8 991
A fagaT 20 8 1 R v wgE A 39 wden
maﬁﬁﬁmﬁ}wmwg 59 O
faerei 158 2

s S 99@n (LPP) F e ¥ 6) gET™
BHW(ll)WﬂTﬂgﬁaﬁwl

fagsll & v sag@ w9 & foag 9a=
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2. (a) Show that an assignment problem (A.P.) is the
special case of a transportation problem.
Describing the steps of the method you use to solve

an A P., find the solution of the following A.P. : 20
Job Lathe machines
1 2 3 4 5 6
A 6-0 7-0 6-0 9-0 100 12-0
B 8-0 9-0 5-0 7-0 9-5 6-0
C 1-0 1-5 1-0 1-5 1-0 1-0
D 4-5 4-5 4-0 6-0 50 3-0
E 3-0 4-0 2-0 2:5 20 3-0
F 3-5 3-0 1-0 4-0 2-5 2-5

(b) Define transient and persistent states in a Markov

chain. :
Let (X, n> 0}l bea Markov chain with three
states {0, 1, 2} and with transition matrix

3/4  1/4 0
1/4  1/2 1/4
0 3/4 1/4
The initial probability distribution is
PiX,=1=1/3, i=0,1,2
Find
(i) PIX,=2,X;=1]X,=2]and
Gi) PX;=1,%X,=2,X,=1,X,=2] 20
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2. (h)

@)

feaee & s fAaa9 99=m (A.P) % 9fEss
g HI e ®IR 1

fordl fagas 99 (A.P) & 8 & & fag eng
o fafa o1 3T e €, 9% =00 & Fand §Q
fafafEa faaaa 98T (AP) &1 86 F4d SIS 20

- g HIH
1 2 3 4 5 6
A 6-0 7-0 60 9-¢ 100 120
B 8-0 9-0 50 7-0 95 60
C 1-0 1-5 1-0 15 1-0 1-0
D '4-5 4-5 4-0 6-0 50  3-0
E 3-0 4-0 20 2-5 2:0 30
F 35 3-0 1-0 4-0 2-5 25

&l gitHm™T ST )

o= <ifsg f& &9 saeesii o0, 1, 20 o=
ffafiad AT 38 & Wg (X, n > 0} &
3/4  1/4 0
1/4  1/2  1/4

0 3/4 1/4
gRfistes MfyeRdar 52+ 2
P{X,=il=1/3, i=0,1,2.
() PlX,=2X,=1]|X,=2] T
Gi) PXz=1X,=2X,=1,X%, = 2]
& 79 A HIfST | | 20

C-DTN-J-TUB 7 [Contd.]




What do you mean by acceptance sampling plans ?

Between a single sampling plan with n = 20, ¢c = 2

and a double sampling plan with n; =10, ¢; =0,

n, = 10, ¢, = 2, can it be said that the second
inspection scheme is more economical than the

first ? Give reasons justifying your answer.

What is replacement problem ? How would you
determine the replacement policy of items whose
maintenance cost increases with time and money
carries a rate of interest r per vear ?

An auto owner finds from his past record that

the cost per year of an auto whose purchase cost is
Rs. 60,000 is as given below :

Running cost Resale value
(Rs.) (Rs.)

10000 30000
12000 15000
14000 7500
18000 3750
23000 2000
28000 2000
34000 2000
40000 2000

Year

o -] & Lo W

Determine at what time is its replacement due.
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(1) HEieror Afgeys Sl ¥ SA9ST = Jiead
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39 I H e gwia g wwor fafag | 20

3. (F) WG9S RS w1 8 ? AU e W= 349
ageli & wfawaeE & Asen s et
W-TEE AP G99 & WY SGgdl @ 3 4= @
Wﬁ?gﬁfaér-a ?

Ts 3iel Aifes aua fuse fe@ & 3R
W UE gyigr 2 & uw e, ey 9 g
60,000 . 2, & ufg v o fa=fafEa 2 -

o Tm e g e
(%) (%)

1 10000 30000

2 12000 15000

3 14000 7500

4 18000 3750

5 23000 2000

6 28000 2000

7 34000 2000

8 40000 2000
qar ot & 38 e gug wiasafya fear s
rfeq | 15
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(b) Let fit) = A2t2~ 1 be the Weibull failure
density function. Given the censored sample
) < Yy < - <ty corresponding to a total sample
of size n from Weibull distribution, show that the
estimating equations for A and a are respectively

A d
A= g3
H a
Dty r a—d+ Dy,
i=1

and

d—1
a a
1[2 th, logt,, + (n—d+1) t%, log t(d):| s

(c} Derive an expression for finding optimum
inventory level in a single-period probabilistic
model without set-up cost with continuous demand
and discrete replenishment unit.

A baking firm makes a profit of Rs. 5-00 per kg of
cakes sold on the same day it baked and disposes
all unsold cakes at a loss of Rs. 1-20 per kg. The
demand follows rectangular distribution between
2000 and 3000. Find optimum guantity to be baked
daily. 20
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A = d

d—1
a a
Z t3, + (n—d+1)tg,

1=

g4 &
' > logty, =

d—1 .
a a
}L[-El tiy log toy + (n—-d+1) tia log t{d)]
1=

25
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4. (a) Describe simulation and Monte Carlo simiilation.
What is the role of random numbers in
simulation ? Describe how would you select a
random sample from a population having

exponential distribution. i5

{(b) Explain the principles which are used to find the
solution of a rectangular game which does not
possess a saddle point.

Find the value of the game and mixed strategies of

the players for the following game : 25
Player B
4 2 0 2 1 1
4 3 1 3 2 2
Player A 4 3 7 _5 1 2
4 3 4 —1 2 2
4 3 3 —2 2 2

(c) Explain assignable and chance causes of variation.
Describe the principles on which a controi chart is
based. Describe (i, o) chart and mention its

advantages and disadvantages over ('E, R) chart. 20
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4. () IFIHR TG "W FHEAl IFHR & quid HET |
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oI ST & 79 fag YR STkl @< arell
TE e ¥ s agt=s wfaget & gAT 15

(@)mmﬁ%wﬁﬁﬁmﬁm@ﬁ
& g & g w3 % faw wgw fEEr sar 2
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figensl B
4 2 0 2 1 1
4 3 1 3 2 2
faenst A 4 3 7 -5 1 2
4 3 4 -1 2 2
4 3 3 -2 2 2

(1) fa=or & fadyy ok wigifies &Rol & ARy |
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(b)

(c)

(d)

(e)

SECTION B
Attempt any five sub-parts of the following :

(a)

What do you mean by °‘seasonal index’ in the
analysis of a time series ? Discuss the different
steps involved in the computation of the seasonal

indices using link relative method.

Discuss the problem of autocorrelation and its
consequences when one applies least square

method for estimating the parameters.

Differentiate between total fertility rate (TFR),
gross reproduction rate (GRR) and net
reproduction rate (INRR). Does TFR strictly
conform to our idea of a measure for
reproduction ? How does NRR indicate the growth
of population ?

Write a note on the collection, compilation and
publication of demographic data by National
Sample Survey Organization.

What do you mean by a life table ?

The values of I in a life table are given as

follows :
age (x) : 102 103 104 105 106 107 108
i, : 97 59 32 15 G 2 0

X

Calculate remaining entries of the life table for
x = 102 and find the probability that a person of

exact age 102 years will die between ages 103 and
107.

12

iz

12

12

12
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5.

(h)

(H)

(M)

(&)

()

Gus o
rafafas & @ 8 ofa Su-9r & I afsg
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a5 el | 39 A7 FHHAG & 7

frdt @ TROR # ¢ % AF frefafad §

HY (x): 102 103 104 105 106 107 108

I : 97 59 32 15 6 2 0

x > 102 & f&¢ a9 9o &t A9 gfafea Ht nomn
Ffw e wifsRdr Ia ST & S 102 99 @@t
3 ¥ U Afh %1 3H 103 94 107 & 9= G &
ST |
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(D) Explain clearly the concepts of reliability and
validity of scores in psychological and educational
experiments. Explain the relation of validity

coefficient to error of measurement. 12

6. (a) What do you understand by (i) agricultural
statistics, (ii) trade and price statistics ? What are
the present Indian official statistical systems for
collecting these data ? 20

(b) What do you understand by cost of living index
number ? Explain how would you construct it.
The following table gives the group index numbers
and the weights of different heads of expenditure
in the calculation of cost of living index number

except the index for the group ‘fuel and lighting’ :

Group Index Weight
Food 221 35
Clothing 198 14
Fuel and Lighting — 15
Rent 183 3

Miscellaneocus 161 20

If the overall cost of living index is 193, find the
index number of fuel and lighting group. 20
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aﬁfﬁﬁ@%ﬁﬁﬁﬁn‘a%g@mq—dmﬁq

g ¥

HHe YIhish qIL

ECIDIE] 221 35

L 198 14

39 wE fasied - 15

ferzrar 183 8

s 161 - 20

afe o1 frEle Yo 1938 B, @ Fe T forsred)
HHE & IRk [T KIS | 20
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(c) Explain the terms (i) percentile score,
(i1) summation score as a function of ability,
(111) Z-score and (1v) T-score.
Describe how T-scores are to be found when we are

given test scores in the form of a frequency table. 20

7. (a) Discuss the differences between direct and indirect
methods of standardization of death rates.
Calculate the crude and standardized death rate of
the year 1990 by direct and indirect methods of
standardization by taking 1980 population as

standard : 25
1980 1990

Age Age specific
Eroup Pgopulation Total Population death rates
(years) deaths P ' per thousand

population

0-10 10000 240 15000 22-0
10 — 25 12000 145 15000 13-0
25 — 60 6000 92 8000 15-0
60 and g5 480 9000 47-0
above
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(1) TS () IIAHSE GH, (i) A H el & &Y
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1 20

1980 F SHEEAT H AHE HAG BT 99 1990 &
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ST 25

0— 10 10000 240 15000 29-0
10 — 25 12000 145 15000 13-0
25 — 60 6000 92 8000 15-0
60 < 8000 480 9000 47-0
IR
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(b) What are the tests to be satisfied by a good index
number ? Examine how far they are met using

Paasche’s index number and Fisher’s ideal index
number. |

Using Laspeyres’ and Paasche’s index numbers,

the price index numbers for the year 1970 with
1966 as base year are 121 and 144 respectively.
What would be the wvalue of Fisher’s index
number ? 20

(¢c) What is a time series ? What do you mean by the
analysis of a time series ? Describe briefly different
components of a time series. Which component of
the time series is mainly applicable in the following

cases ?
1) Fall of death rate due to advances in science

(Gi) Fire in a factory

(1i1) Sales of new year greeting cards 15
8. (a) Prove the following : 20
@ “x
i p, = ———
* 1+ €. .11

(i) my, = pu

[

X+~

8, —L ., - _,—1_,)

(iii) u, = x—1 x+1 x X+2

12/
X
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20
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&
(i) px = b2

1+ex+1

(11) mx = Hx+%

Gii) p, = S(Zx—d N zx-!-l::z_l (Zx-—Z — I:-:-5—2)
x
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(b) Define generalized least squares estimator. Obtain

mean and sampling variance for the estimator.
Show that a generalized least square estimator is

equivalent to a two-step procedure estimator. 30

(c) Describe the test-retest method for estimating the
reliability of a test and discuss its merits and
demerits. 10
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Note :

English version of the Instructions is printed on
the front cover of this question paper.




