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l.Time : 3 hours | [ Maximum Marks : 200
TrE ; 3E ] | JfreRan 37 : 200

Instructions ( T&W) :

()

(i)

(iii)

(iv)

©)

(Vi)

This paper is divided into two Sections, Section—A and Section—B.
Y yvuE g @l ° fawiisd 8, @8—A 3R @&—B |

Each Section contains eight questions.

TR TS | T8 T 2

A candidate has to attempt twelve questions.

T wiameff il wRE I 1 SR o 2|

Question Nos. 1 and 9 are compulsory and out of the remaining, any
ten are to be attempted choosing five from each Section.

T3 TEAT 1 3R 9 ANEH § 3 I Ul 0 U fordl 9| 1 St fofe B, U T
T uig—uiE Y51 Bl B B B

Question Nos. 1 and 9 consist of five parts each. Each part will be of
6 marks. Word limit will be 150 (in relevant subjects only).

Y9 T 1 3 9 5 Ui -f= WA &1 Tedeh W & ToTU 6 3k Fuiita 81 viee g@n
150 % Hiftid 3 (U Trerg fawa 1)

Remaining questions will be of 14 marks each.

Y Y9 14 3R & UTd T BA|
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SECTION—A
TE—A

1. Answer the following questions : 6%x5=30

FfTRed T1 o W GINT -
(@) For the sequence of r.v.’s {Xn} with
LAY S G
P{X, =k} = P{x, = -k} = 5 h>0
Hence, show that if the WLLN holds, central limit law holds.
1
rv’s { X, } % ITHA % WY P{Xk = kl}= P{Xk = —k’“}= 5 1>0,
THfeTe Al WLLN gies & 8, 0 g L 76 =< HH ST/ central limit e

T 2

(b) A drunk performs a random walk over positions 0, *1, +2,..., as follows.
He starts at 0. He takes successive one-unit steps, going to the right
with probability p and to the left with probability (1-p). His steps are

independent. Let X denote his position after n steps. Find the distribution
of (X+n)/2. Find E(X).

e I AT =e werar ® Tkt fafa 0,41, +2,..., T W R 98 0 W IR
AT 2| I8 T o SIE Ush $oh1S STe) hed ST 8, elfaq! tl® JTehdl poh 91 371 Srff
T TR (1—p) o 91 gl 8| ST hed weiF 3| oF efifoe x sweht ferf w6t
nheHl Wl ST ST 21 (X+n)/2 T Torawor uan el E(X) ST 9 a ity

(c) The following data represent the yields of maize in g/ha recorded from
an experiment :

16-4, 19-2, 24-5, 154, 17-3, 236, 22-7, 209, 182
Test whether the median (M) is 20 g/ ha.
frafafaa sfest vt & woe 6 W 1 g/ha A 30 SaT & S TS =T H R
fep T § -
16-4, 192, 24-5, 154, 17-3, 28-6, 22:7200-9,°18:-2.
St Hifore fo ifeent (M) 20 g/ ha Bl

(d) If the values of the units in the population consists of a linear trend such
that Y,=a+bi (where i=1, 2, ..., N), then prove that
Var (fst) <Var (?Sys) SVar (fsrs )

Ife ST % HTSAT 1 A T 1Ra® 98 H 2 @6 ¥V, =a +bi (& i=1,2, ..., N),

T ST HIRC 7 Var (V) < Var (Vaye ) < Var (V) |

Statistics/50A 2
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(e) Let y; = ﬁlxh- + B2x21' S e ei, i=1,2,...,nor E(yI) = le].i I ﬁ2x2i’x1i =1 forall i
Find the least square estimates of §, and f, . Prove that the method of
maximum likelihood and the method of least square are identical for the
case of normal distribution.

T NT y; = By +Boxgs + e i=1,2,...,n 3R E(y;) = By, + Baxg,xy; =1
Teft ik form)| g, T s2wwﬁwmﬁﬁqtm®maﬁ%:ﬁa%@w
% Trer H Jfeehen GuTEET HYE SR =Had S #YE ¥ 2

2. Suppose we wish to estimate the total number of cows in 1996 in certain
State. The total number of cows for 1994 was X=5000. The sampling unit
was the farm and it is assumed that there has been no change in the
number of farms which we shall assume to be N=500. A sample of n=20
farms is selected and the data is as follows :

T iR R 71 1996 T T ffvead TSy o TR S FT GEAT BT SHAHA AT = 8
1994 3 TRIT <1 et TEAT X=5000 | T THTE BT off 3R Fg HAT ST @ Toh BTl HY
T # i seed T 5o, R 7w N—soonﬁﬁlwﬁwwm n=20 AT T AR
Al T TR T 2

Farm (%) | 1994 1996 | Farm (%) 1994 1996

1 12 14 1 11 14

2 22 25 12 g 19

3 38 D7 13 12 12

4 15 18 14 22 23

S 18 20 15 14 16

6 31 30 16 26 28

7 15 15 5 08 09

8 20 24 18 16 15

9 10 12 19 13 15

10 25 28 20 19 20
Estimate the average number of cows for 1996 (i) by ratio method (i)
by SRS. Also compare their variances. (6+2+6)

1996 T TR i 37Hd W1 1 IFIAF T () W3TT JUS < G (1) SRS % §RI €1 &
ITh Sfcie & g Hif)

3. Let X be the following data on the number of hours which ten persons studied
from a Statistics Course and their scores Y, on the test shown below :

T o £ X Tel i O & S TiETeh] g 319 S ST €6 I ol 8 3T Y 3ok UET
1 WL 2 S e TR 7

X|4|9|10|14|04|07|12|22]|01|17
Y |31|58|65|73|37 |44 (60 |91|21|84

Statistics/50A 3 FB.TO:
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Find the normal regression line that approximates the regression of test
scores on the number of hours studied. Further, test the hypothesis H,:p=3
against H1:B #3 at the level of significance 0-02. (8+6)

AT ST 3@ (ATt fEe oime) i uar e S st RRY e w6 we o aden
% WHR i (RIeM) 1 1o et 2 H,:p=3 % fowg aiwem (sadftm)
H1:p #3 % 78 0-02 & & T IHeq0r Y|

4. X, X,, ..., X are iid. according to f(x/8) = 0*(1-6)1*, x=0,1. Find UMP
size-a test for H: 0= 8, against K: 6> 8, 14

flx/0) = 6%(1-6)' % IGER X, X, ..., X iid & K:0> 0, foeg H:0=-0,%
UMP 91890, T i |

5. Let Xl, Xz’ R Xn be a random sample of size n from a Gamma distribution
with parameters 6 =1 and a =1. What is the distribution of the (i) sample

= . kL
mean X as n— 0 and (i as n— 0. 6+8

AL X, X, ..., X, WIS 01 T feRdoem & Yo Svoet § s W 0 =1 and o =1
. - 280~
gl () T ¥ (mean) X S9R% n—0 3R () G/\/% & n—0 8| @ S

fe&iogem = 27

6. What is the use of ‘Missing Plot Technique’? Obtain the missing value by
substituting through which the analysis can be carried out of a Latin square
design with m rows, m columns and m treatments. Also find the missing
observation corresponding to 2nd row and 4th column for treatment A in
following 4x4 Latin square design : (4+6+4)

TorféeT weite Sehler % o = ¥ 7 it (weRierem) % g iR 3 1 Pl
8 m U (rows) m HieH (columns) 3R m HEHRH (treatments) % Y A TR
() Tesea & forecioor fepean ST wepen 81 Tny-wny fedie A % o fRw @ 4xa SRS
THIPR TS # 2nd row 3R 4th Hiem % AR sias@ym =1 of var omze -

Al1l5 C 122 B 113 BrllL
Cl21 B115 D109 A x

B125 D113 A108 C124
D115 Al110 C130 B120

Statistics/50A 4
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7. Prove that negative Binomial distribution tends to Poisson distribution if p
tends to zero and n tends to infinity. If X is a negative binomial variate with

probability mass function p(x) given by

plx)= (x+jcc—l)qxpk, x=0,1,2

Show that M q{a“r itk 18 }
that =d| Tl
ow a r+1 aq pg Ferl

forg =t T frifea sreiftierer Tedioqem, wies Teedisyam <61 3 ea 2 2 afe p 9
H 3R 1 3 T IR IR H@T 2| A X T O (598 =R 7, TEeh1 TTRehdl ged™

BeH plx) &, I e g femmn w7
plo)=("F")g"p*, x=0,1,2

X

: u, rk
Tume &6 Mrin = Q{ aP; +?Hr—1}

(6+8)

8. Reduce the dimension from 2 to 1 of the following data, using principal
component analysis : (4+10)

Tifaet e T w1 SUT wieh e 31Tehe o A (STEHI) 2T 1 T &1 &

Category (3ft) | A B C D
X 4 8 3 7
b 11 4 B 14

SECTION—B
@We—B

9. Answer the following questions : 6x5=30
FrfaRaa sl % I T -

(@) A system has three components connected in series having reliabilities
0-40, 0-70, 0-80 respectively, for a mission of 500 hours. What is the
percentage increase in the reliability of the system in each of the following
cases?

T Taen (yomedt) § 500 9@ 3 i <6 fo7u seast : 0440, 0-70, 0-80 Fefaier: aret
ST () B 98 o e 81 7 8 3y wmet 3 yomed 6 Rttt (feewar)

Statistics/50A 5 , [B.T:0:
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(il The reliability of the first component is increased by 0-1 and that of
the second and third components remains the same.

g e i Termataferd) -1 5g STt 2 3 gE 3T e Hewnt i Rematsfadt
AW () &l 2

(ii) The reliability of the second component is increased by 0-1 and that
of the first and third components remain the same.

TR Teh H EfRfed 0-1 95 9Tt 8 3R 95t SR e weehl i ReTrisierdt
A (qEe) Tl Rl

(iiij) The reliability of the third component is increased by O0-1 and that of
the first and second components remain the same.

HR e 61 i 0-1 98 STl 37 uget 3T g wew! 6 femfaferd
elerd &l Bl

fiv) Comment on the different percentage gains obtained in (i), (i) and (iii).
f), (i) 3 i) & amm Tl wfasa ot ) feoof 1)
(v) Describe the reliability of test scores.

T2 Wi hi Temtufate s e =i

(b) Each unit of an item costs a company T 40. Annual holding costs are 18
per cent of unit cost for interest charges. 1 per cent for insurance, 2 per
cent allowances for obsolescence, T 2 for building overheads, ¥ 1-50 for
damage and loss, and ¥4 for miscellaneous costs. Annual demand for
the item is constant at 1,000 units and each order costs ¥ 100 to place.

Tk SO o ToTT, Temdlt o] <hl Tedieh SohTS oh1 TIFTA < 40 2| S1Ye Bifeet @rTd ST Yoeh

¥ Tore gfe a1 18 widera 21 e W for 1 e, stsem % g 2 it v,

Fregen Fmio & forw 2 2, Tham 3R 71 & forw 2 1450 3k fafay @wm < fog 24

{1 &g <l e JIT 1,000 $HTEET W HIHLE (Td) & 3R T TS 31 AT T 100

2l

(i) Calculate EOQ and the total costs associated with stocking the item.
EOQ 31 57 % ieh (WUSHT) & &I o1 ANTAl hl TUFT i

(ii) If the supplier of the item will only deliver batches of 250 units, how
are the stock holding costs affected?

Ife STYfiehTeh heret 250 SRTET S Sl 1 a0 M, T Tieh Bifes AN Hdl
ST B 8 ?

Statistics/50A 6
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(iii) If the supplier relaxes his order size requirement, but the company has
limited warehouse space and can stock a maximum of 100 units at any
time, what would be the optimal ordering policy and associated costs?

fe FTqfcieRal U TS SRR I STETIHT H LIt ST &, Aok o o ITe Hifo
FERT T £ 3R 98 et off wmw srfiesad 100 SHIEA 1 Wik L T ©,

A1 e e Hifd 3R Heg AN =& 8 ?
(c) A certain country had a population of 1,50,000,00 on Julyl, 2020. The
births and deaths during 2020 were 7,50,000 and 3,00,000 respectively.

peft wes Fafoa 2w shl SHEET 1 9ETS, 2020 i 1,50,000,00 oft| 2020 % SRH S
3 g7 A 7,50,000 3R 3,00,000 Al

(i) What is the annual crude rate of increase?

gfig <1 aTfieh e T T B ?

(ii) Use an exponential model to project the population on July 1, 2030.
TEUNREE Wieel i SEER § @ §Y, 1 e 2030 6l A Hi H B

(d) If (xf,x;) is an optimal solution to the linear programming problem

Minimize x; +2x,

Subject to
dx;—x, 28
2x; +x5 210
- +x, 7
X1,%5,2 0 |

and (7\«;,?»;,%;) is an optional solution of its dual problem, then find
2 * 3 %

2 X; +2 }'f .

i=1 j=1

af (37, e st fe e w1 e wiee (Fet FAem) § -

s X + 2%,
TSR g
4x; —x5 28
2x + x5 210
—x;+xy <7

Xq1,%5,2 0

]

3

3R (?lez}ka) o ARl THEn % g SHEE B, a _Elx: +_217~§ T
i= Jj=
Frepret|

Statistics/50A 7 [RT: 0
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fe) If X130 Xy Xps = 10, X31> X305 X5, 18 the set of basic variables of a balanced
transportation problem seeking to minimize the cost of transportation
from origins to destinations, where the cost matrix is

AR, e, e = 10 Xgpr Xz, T BT INTET THRET % A T H
TSR (82) & S SR (qe1) B TideT ae IRasT 51 oTa 6 w1 F0 6 597 =50

@1 ®, el o A
D i D 5 D 3 D 4 Availability
O1 6 2 -1 0 10
0, 4 2 2 3 A5
Q, 3 1 2 1 3h
Demand | 10 u—5 TES) 15
18 9 Dy, D, D, YA
O1 6 2 -1 0 10
03 4 2 2 7 8 A+5
& 3 1 2 1 3\
M 10 | u-5 | u+5 15

and A,u e R, then find X
IR ApeR,d X5, BT AN epred|

10. (@) A researcher is interested in determining if a relationship exists between
blood pressure, age, weight, body surface area (BSA), duration of
hypertension (DH), pulse rate (PR) and stress level (ST). To investigate
various marginal relationships between the response blood pressure (BP)
and predictors, he calculated the following correlation matrix 6

Th Sierehdl g Tatfa w0 3 s v 2 R e, 1Y, S5, IR 51 Tdg &3,
(1. T V) 3= wham K 3 (L. ), vem ' (. I) 3R g =) F S
HEY g A1 TE | ThuTT 1 wfifea ok deaed % o i g gedi 6 ot w5

% 7T 3 Frer wedey dfsw ) om &5
BP | Age |Weight| BSA | DH | PR
Age 0-659

Weight | 0950 | 0-427
BSA | 0-890 | 0-382]| 0-885

DH 0-284 | 0-352| 0-212 | 0-141
PR 0752 | 0629 | 0669 | 0475 | 0-412
SL 0-154 | 0-334| 0-035 | 0-019 | 0-321 | 0-506

Statistics/ 50A 8



A | g | T [deee | | b9
Y 0-659
ERE 0-950 | 0-427
#1.99.¢.| 0-890 | 0-382 | 0-885
‘|dimE. | 0284 | 0352 | 0212 0-141
M.’ | 0752 | 0629 | 0:669 | 0-475 | 0-412
TE.TA. | 0-154 | 0-334 | 0-035| 0-019 | 0-321 | 0-506

Study the correction matrix and answer the following :

Tegey SfEm w1 e w3 e Tl w1 I e

{i). Whether there are evidences of the above claim. Why or why not?

i @ 3 e o T S e

(ii) Whether substantial multicollinearity is present among the predictors.
Why or why not?

Iewed (wimami) % 99 TeAHIINERE (Tgeehi) TTH Hise & =1 &l ?
1 3w AR ?

(iii) If there is a problem of multicollinearity that are the consequences of

it

ot AR %) T & 9 vE g (FE) 37
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(b) Let{X, :n2 0} be a Markov chain with state space N w{0} such that the
transition probabilities are given by

ptjzrl—q for j=i+1
0 otherwise

q for j=0

a6 {X,, i n 2 0} T w gEen &, few Re @) NU {0} T TR B
Tt gifere STfeeken 1 TR &

q j=0%ﬁ%rq
pj=1l-gq j=i+1%fm

0

FEAT

for i, j=0, 1,2,..., where 0 < g<1, then
i% A, j=0, =0, 1,2,..., & 0<g<1, dl

(i) Is the Markov chain irreducible?

1 A =7 [ oed 27

Statistics/50A
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(i) Is the Markov chain aperiodic?

w1 AT = ufifEifes 22
(i) Is plf) =g foralln>1?

T Poe=q Tt n21 % fm 27

+ 11. (a) The electricity consumption by a new private factory from 2011 to 2021

are given as follows : 8

2011 ¥ 2021 &% T U Freft I g forsreft i wua e o @ w2 .

Year |2011 2012|2013 (2014|2015 |2016 2017 [2018]2019 [ 2020
Total
Units 79 74 80 62 28 45 35 47 48 61
{1,000)

(i) Use exponential smoothing to forecast the values for each time period
using smoothing coefficients o =02 and 0-8.

=IRES (V&) 0T o = 0-2 3R 0-8 T I BT e Gomrater 3 fore wrt
1 GHFH T % foTT ComuHRe aarhr s vE o)
(it) Plot the results of part (1) along with data.
TR (1) ¥ TRomH F st % am v w)
(i) Which value of alpha works best on the data?
JTEHI <1 SHIH-TT AM ke o fou waiam 22
(b) Consider the time series model : 6
T W e wise W R =
Yt =4+08y;1 —05y;_; +¢
(i) Is this a stationary time series process?
T TE Th LI (FRR) w99 e wfsean 27
(i) What is the mean of the time series 1?
T QR 1 1 A (HTfeeRT) w9 27
(iij) Obtain px for k=1,2,3,4,5.
k=1,2,3,4,5% T8 px 1 91 Fibrei|
(iv) Plot the correlogram.

HREATT A2 H|

Statistics/ 50A 10
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12. For the linear programming problem 14
Max Z =2x; +4xp '
Subject to
—xq +2x5 <4
3x1+0x5 £6
x1,%320,0€ R

~Forer Y wanfi awen % fog
AP Z = 2 +4x,
TR T
—x1+2x, <4
3x+0x5 <6
x1,% 20,006 R ,
(i) Check whether the LPP always has a finite optimal solution for any
o=0-.
weror st fop o Rt ot o > 0 % forg wer .. 3 e gEen s it e
(SET) WHTHH Bl &7
(ii) Check whether the dual has unbounded solution for some o2 0.
e %t B w a2 0 ¥ I sgee (SRY) % U e Tuiee g

(iii) If the point (1,2) is feasible to the dual of the LPP then prove that the
feasible solution of the LPP will be z<16.

oy fig (Ee) (1,2), T (SR % for Rt (wrererd) 2, 0 forg ¢ %
Tt . . & EEE SHYE z <16 B
(i) If x, and x, are the basic variables in the optimal table of the LPP wit
1
S,
AR x =2 % T T, g A x, o g @

e . % I HT $TA A A

X then find the optimal value of dual of the LPP.

13. Suppose a mobile phone company produces mobile phones in lots of 400
phones each. To check the quality of the lots, the quality inspector of the
company uses a double sampling plan with n, =15, ¢; =1, n, = 30, c,=3. If
the incoming quality of the lot is 0-05 then 14

T SR fr s deTee B i SO 400 B S wife Fita w81 e i qures
1 Sit= o o T FHoelt < Turerl &% ny = 15, ¢, = 1, n, =303 c, = 3% AU TH
Suet AU TS BT IR AT B AR Wl H TR (FTHMT) ORI 0-05 7,

Statistics/50A 11 [P.T.O.
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(i) What per cent of the mobile phone lots will be accepted on the first
sample?

Teel Hege 1 e wfawrd B wie wie ey S

(i) What per cent of the mobile phone lots will be accepted on the second
sample?

G Gt F e wiv wife whepa fRd S 2
(i) What is the probability of rejecting the lot on the first sample?

Tge! ST % Tie it Wi (Rome) B9 3 wiftrsdr w27

A car servicing station has two bays where service can be offered
simultaneously. Due to space limitations, only four cars are accepted for
service. The arrival pattern in Poisson is 12 cars per day. The service
time in both the bays is exponentially distributed with u=8 cars per day
per bay. Find

U R AT 9 7 < 5 (wve) €, S u are wiie 6 s aed 21 9 (9
%W(W)%W,WWﬁH%%WWﬁW%WW
b SUR AT Ui et for 12 21 3 N6 (bays) § wife T u =8 R Yfy
fe7 wfa 5% % w1 TR () fraie Re ST ) S o

(i) The average number of cars in the service station
Tiod TIH T BRI 1 3 T
(i) The average number of cars waiting to be serviced
Hid| o T e = @ SR 1 3feq e
(ii) The average time spent in the system.
Tren & =i 3ftwa
Describe the central statistics office (CSO) with its main divisions.

hesi WifeTht ST (T.09.37) 1 39 T yumt afta 9o 5X

Solve the two-person zero-sum game having the following payoff matrix
for player A :

f@ﬂ@A%%ﬁﬁﬂ%ﬁéﬁﬁaﬁmﬁﬁwaﬁa—wﬁﬁwnmﬁﬂﬁsﬁﬁ;

Player B
B, B, B, B,
A 6 4 8 0
Player A A, 6 8 4 8
A, 8 4 8 0
A, 0 8 0 16

Statistics/S50A 12
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(b) Convert the ten scores 1,2,..., 10 into standard scores with mean 0 and
standard deviation 10.

TR 1,2,..., 10 1 1T 3 A e 10 % 91 A (Rreg) ThR § qiEfdd

=y

Given the following table for 1, the number of rabbits living at age x. Complete
the life table for rabbits.

x T Y Y A i 1 gen 1% fag fe e € 7 e 6 i s

TTfeTehT I il
x] 0o ]1]2][3]4]5]6
1,|100]90[80[75[60[30 |0

14

X, Y, Z are three rabbits of age 1, 2 and 3 years respectively. Find the
probability that

X, Y, ZSAS: 1, 2 3 3 3g 9t did @i g1 R wd Hig %
(i) at least one of them will be alive for one year or more.
T Y HH Y HE TH, T TN THIS a6 qeh Siifad &l
(ii) x, y, z will be alive for two years.
X, Y, za Y d% Sied @ﬁl
(iii) one of the three is alive since two years.
1 H U T < 9Nt a Sifed 3
(iv) all will be dead in two years.

oot 2 ol § W SR

Statistics/ S0A
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