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STATISTICS (Paper 1)

gq9 : i 371 3k : 250
Time Allowed : Three Hours Maximum Marks : 250
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QUESTION PAPER SPECIFIC INSTRUCTIONS
Please read each of the following instructions carefully before attempting questions.

There are EIGHT questions divided in Two Sections and printed both in HINDI and
in ENGLISH.

Candidate has to attempt FIVE questions in all.

Quesﬁon Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE question from each Section.
The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which
must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet i the space
provided. No marks will be-given foranswers written in medium other than the authorized one.
Wherever any assumptions are made for answering a question, they must be clearly indicated.
Charts/figures, wherever required, shall be drawn in the space provided for answering the question
itself.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a question

shall be counted even if attempted partly. Any page or portion of the page left blank in the Question-
cum-Answer Booklet must be clearly struck off.
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qus ‘A’ SECTION ‘A’ -

1.(a)  Tamferfaa &t awemey .
(i) T@raTiaes @eq dan
(ii) 9@ T dmm
(iii) fafadsr dram
(iv) saRafda fraer dmm

Explain

wwwpreppin prep

(1) Natural tolerance limits
(i1) Trial control limits
(iii) Specification limits

(iv) Modified control limits 10

1.(b) ﬁaﬁ%%ﬁmwéﬁﬁqwmﬁgaﬁqﬁﬁmﬁm | ferelt <t -=afem
[ AR ATFATHR Tl mgﬁaﬁ#ﬁquﬁg% Ffedea & fore s sraggs
U 9aty vfqery i Farsd un frg il |
Define a saddle point for any general function in two variables. State and prove a

necessary and sufficient condition for the existence of a saddle point in pure
strategies for a two-person zero-sum rectangular game. ' 10

L(c) TRt wehet wicr=ra s, (N, n, c) = (50, 15, 1) & faQ 2% @Iy F wry 50 TEga
mﬁm%ﬁwaﬁmﬁwﬁwaﬁﬁql

For a single sampling plan, N, n,c) = (50,15, 1), compute the probability of
acceptance of lots of 50 articles with 2% defective. 10

1.(d) %ﬁmﬁagwﬁwwﬁwmaﬁvﬁwﬁ&aaﬁﬁmamsﬁzggwgﬁ

(=

ﬁm@:ﬁamwﬁo,lamzﬁmu%mmﬁagw%%qw

rireRaT smege frmfafea 2
ATEAT
g .1 2
0]04 03 03
qATEIT 1104 04 02
2102 04 04

p[()‘f)) aq1 pf;) & yTH ?mplli?l\" l
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Define a transition probability matrix of a Markov chain and state some of its
properties. For a Markov chain with three states 0, 1 and 2, the transition probability
matrix is given by

State

g--1 2
0]04 03 03

1104 04 02
2002 04 04

State

Obtain pf)? and pg). 10

l' { Tehe A (hazard function) FT & ? A A9 for forel 951 &1 dahe ®edq h(?) = 328,

(=0 feam mn B | 97 & fou fosaasiaar wem &t ute ST | Aee ged Sl &0

| AW FATR ? A % WA b AT TATZH AT IIRITH A % To1q IeFeh AT i ferfre R
| v |

| What is hazard function ? Suppose a system has the hazard function given by

h(t) = 312, t 2 0. Derive the reliability function for the system. What is the name of
the underlying distribution function ? Name the parameters of the distribution and

specify their values for the above system. 10
2.(a) fordl ufkaed aWa H 20 U GEIA e & IAfedcd & AU U srmayass ue gaty
Tfceeer &t wg ey | B
f=tataa are Waﬁq&a@am(rp)aﬂ%am%q;
Ta=q

D, D, D, D, D, D, wrat
O; [N 3 & 35|50

T O, . ‘2 &2 3 4 | 40
O | NG 4QY 4 1|60
O, | 4 9 1 2 230

I 30 - 50\20 40 30 10

Find a necessary and sufficient condition for the existence of a feasible solution to a
Transportation Problem (T.P.).

Find the solution of the T.P. with following cost matrix :

Destination )
D, D, Dy D, Ds Dy Availability

@ | 2 -1 3 3 "2 5| 50 -
Origin O, | 3 Z 2 4 3 4 |40
Q; | 3 5 4 2 .4 I 60
O, | 4 2 2 1 2 2 | 30
Demand 30 50 20 40 30 10 LS
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2.(b)  waarsd & 5w var s 9t fred ot oof v @ faffe e s g |§amwﬁ
ufeh fresl (M/M/C) : (o/FIFO)  wraer Torfirer faeel & ared o= |
f1gel (M/M/I) : (o/FIFO) < 3Taitd TATHT 1T HHISHRUI bl UTH hIfSTT a7 24 el
1 ATH I |

State how a queueing model is completely specified. In this context, explain the
meanings of different symbols used in the queueing model (M/M/C) : (o/FIFO).

Obtain the steady-state equations under the model (M/M/I) : (co/FIFO) and find their
solutions. L3

2.(c) (i) 99 SshH FAT R 2 foRell IO WohH o Yoty qore Far € 7 Atenor wehw gt
TR Held i IRATRE T |

(ii) af TR BT m(r) = 2¢, ¢ = 0 © AT GATUT TATHT THH &1 UTH HIR¥T |

(iii) #m= &g 6 X, X, ..., ToRet TR WA {N(1), 12 0} F ITAR-IAEEA
W%lmﬁﬁqﬁxwéﬂmﬁaﬁméﬁﬂ%m
P(X;=1)=P(X,=2)=% & | k=6, 7 791 1=7-7 & TQ P(N(@y=k) &
ma?rﬁrq‘lN(T?)%m‘Hmmw%?

(1) What is a counting process ? What are the basic properties of a counting
process ? Define a renewal process and the renewal function.

(11) If the renewal function is m({) =2¢, (=0, find the comaspondmg renewal
process.

(ii1)  Suppose Xj, X,, ... are the inter-arrival times of a renewal process {N({),
(= 0}. Assume that X;s are independent and identically distributed with

PLX, = X =2) +. Find the P(N(¢) = k) for k=6, 7 and ¢ = 7-7. What
are the other possible values of N(7-7) ? 20

3.(a) X & foru fomer =d &1 fomfu &= & foru 4 s & wftesf oo s € | S
100 9X € 991 LCL 99T UCL ShHYT: 96 a1 104 WX feua € | arfe wran wa arféreteqor
HIEA 98 AUT Ik [T 4 & |1 WATHI F T ATA il ¢, a1 ATk
et fen Tz = =t wfaest wr s & fou Sarad e 2

Samples of size 4 are drawn to construct a control chart for X. The central line is
at 100 and LCL and UCL are at 96 and 104 respectively. If the measured
characteristic is normally distributed with mean of 98 and standard deviation of 4,
what 1s the probability that the control chart will raise an out-of-control alarm at the
fourth sample ? _ 13

sth-d-stsc 4
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3.(b)  SitEd wKiEen ® 9, i 99T wee g -asid & ausEd | 3 O Tole WehiR & fou
TS ITEV SIS | 7 WiAd gu o Sftam-wra, fawaar ) 4 & @1y us sandide
g @1 TR0 Sl ©, fAmfofaa gfaw ge- aﬁaw%ﬁqaﬁa—dsﬁaﬂ Tl
STftrenaH dwTled maﬁmﬁﬁq:
=88, 1,=105, ;= 141, t,=344, 15=430, t,= 516, t,=937, tg=1057, ¢,= 1100
61%11:9, 10, 158 |
Explain left, right and arbitrary censoring in life testing. Cite an example for each of

these types. Assuming that the life time follows exponential distribution with failure
rate' A, derive the maximum likelihood estimator for the average life time for the
following right censored data :

£ =88 = TO5, $= 14T, Jy= 300, =480, =516 %,=037, £ = 1057, 4 = 1100

ord=9 10, ... 15. 15
3.(c) U Maw WA wwEn #7412 3R 3 form g smegel & w9 # wefifa foar o
THhaT § 7
; Fetafaa ufqsrat & fod 2 w

; 6x; + 3x, — 4x; < 60
2x) — 4xy + 4x; < 40
3% + 3%+ 3x, = 60
Xy, X, X320
ﬁt@m%ﬁx?ﬂwm@@wwz 3xl+2x2+6x3EﬂSTf\‘Eth_d'H%RﬂT
iy |

What is a linear programming problem and how it can be represented in the form of
matrix notations ?
Given the following constraints :
6x; + 3x, — 4x; < 60
2x) — 4x, + 4xy = 40
3x; + 3x, + 3x; < 60
Xy X3, %320

maximize the objective function Z=3x, + 2x, + 6x; using simplex method. 20

4.(a) Tafaio wgt & v ww & us qwed semga # fafasy dwdd 2375101 §
IcqTied ZhT3Al H 8 TRTAR 33 oAt ae @1 ZarTeal ol wiafea 941 741 | 9T 4191
fraferfaa il 7 23 stftres o< foan wan @ (ararfq, Sqrexvreasy uee! wifye #
A 0-77 @1 23-77 9gT 9T ATfeW) |

Tl 1--8. % 4 8§ # .7 &

0-77(0-80|0-7710-79|0-75(0-78|0-76[0-76
0:80[0-78|0-7810-76/0-78(0-76|0-780-79
_qTa | 0-78/0-76[0-77(0-79/0-78|0-73|0-75|0-77
0-73(0-70(0-7710-74/0-77[0-76|0-76]0-72
0-76(0-81(0-80/0-82/0-76(0-81|0-81[0-78
0-75/0-77]0-7410-76|0-79]0-80|0-80|0-78
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(i) X a«m R =i &t w91 1R |

(ii) WM F werm arqed a7 stfirarer <hifou |
(i) =1 wehw fafadsant w1 wrg e ?

(TTiolt & 7 € 2 4, = 048, D3=0,D,=2,d,=2534)
In a capability study of a process involving manufacturing items, the specification
limits are given as 2375+ (.]. From the manufactured items, six items were
selected each day consecutively for eight days. The measurements obtained are given
below in excess of 23. (That is, for example, the first cell value 0-77 should be read as
23-77). :
Day| 1 v 3 4 5 6 & 8

0-77/0-80/0-77/0-79|0-75]0-78]0-76 0-76
0-8010-78/0-78(0-76|0-78|0-76|0-78 0-79
Measurements |0.78(0-76|0-77 0-79/10-78(0-73(0-75|0-77
0-7310-70(0-77(0-74/0-77]0-76|0-76 0-72
0-76/0-81/0-80(0-82/0-76/0-81]0-81 0-78

0-75]0-77[0-74|0-76/0-79/0-80/0-80 0-78

(1) Construct X and R charts.

(i1) Compute the process capability of the machine.

(1ii) Will the process meet the specifications 7

(The table values are - A4, =048, D;=0,'D, =2, dy =2-534) 20
4.(b) %ﬁmﬁamﬁn-mﬁmwﬁmﬁw&mﬁaaﬁﬁm frfafaa
AR w71 frg fif - -

(n+1) (n) (n)
Py = 2P Py = Xy py

Define n-step transition probability in a Markoy chain. Prove the following
Chapman-Kolmogorov equation :

PRI () () _
By - :%Pfkplg?kzpm P 15
4.(c) aﬁaﬁmﬁn,aﬁﬁﬁammgﬁ:iﬁf%maw-wmmﬁ
Tasf &1 fod=m hifo | ,
HIT D 61 wifrehat deq Freferfaa feam w2 .
0:02-00002D | 0<D<100
f(D)={
0 , 42>100 .
NG dMd . 0-50 whafer € qon &4 i arg ®,) 3-20 whifed B | et
IR T ¥R 1 gy Hifno | :
sth-d-stsc 6
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Discuss the single-period continuous probabilistic inventory model with
instantaneous demand, shortages and continuous replenishment.
The probability distribution of demand D is given by

% 0-02 - 0-0002 D , 0=D=100
FP) =10 , D>100
The holding cost is Rs. 0-50 per day and the shortage cost is Rs. 3-20 per day.
Determine the optimum order level of the inventory. 15

qug ‘B’ SECTION ‘B’
5.(a) AT 3R TR SEEAE & i faded S |

Distinguish between stable and stationary populations. : : 10
| 5.(b)  YATGHM T " -siAfea fafa <6 gaa F fee=smn fifo |
," Briefly discuss about the Box-Jenkins method of forecasting. 10
5.(c)  FgEEdl #1Eldl § ? I8 URUTHI &l Fdqenzy |
f :
i What is Multicollinearity ? Give its consequences. 10

5(d) HI-R & fafie ol = aw=zm=y |
Explain different measures of Mortality. . 10

5.(e).  wAVAITRE wifew Z-TFE, i qHe q21 TqTHARNGT TH #9181 & 7

What is Z-score, Standard score and Normalised score in psychological

statistics ? 10
6.(a) Tl AT T qfeATar SIS | 3@ Hewl w1 adqTEd auT 3 A S ) gusTey |
Define Time series. Give its components and explain each of them. 15

6.(b) 2011 ¥ U e il foFaR -SIaEaT &1 ded adT ATTSaar o<f & a1y si=a] &1 g

Trrferfaa et & €1 2 2
EREEC R SR

a1 = 1 : srtastfaar

ey k=1 FA | €W | = T
15-19 | 6145 | 5687 |11832] 65 60 125 0-91
20-24 | S5214 | 5324 |1053%8| 144 132 | 27§ 0-90
25.29 | 4655 | 4720 | 9375 | 135 127 | 282 0-89
30-34 | 3910 | 3933 | 7843 | 82 81 163 0-87
35-39 | 3600 | 3670 | 7270 | 62 56 118 0-85
40-44 | 3290 | 3025 | 6315 ] 12 15 39 0-83
45-49 | 2793 | 2601 | 5394 3 3 6 0-82
WA | 29607 |28960 (58567 503 | 474 | 977

7 ‘ sth-d-stsc
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6.(c)

preep
ey vouraac
(1) AT I 72 (St U o)
(ii) 3 -fafire S &3 (@ wm uw o)
(it) & AT R (I 0% R)
(iv) Tehel YTReITEH % (St AR a1R)
IR (v) ﬁ#xwgﬂﬁaﬂaaaz(qasﬂiaﬂ?)

The sex-wise distribution of population and number of births along with survival rates
of a town in 2011 are given below :

Age - Population Births Survival

h“\!\ﬁ !
AT Male | Female| Total Male Total P

ale |Female
15-19 | 6145 | 5687 118321 65 60 L3 0-91
20-24 | 5214 | 5324 10538 | 144 132 276 0-90
25-29 | 4655 | 4720 D375 A 127 262 0-89
30-34 | 3910 | 3933 | 7843 82 81 163 0-87
35-39 | 3600 | 3670 T2 62 56 118 0-85
40-44 | 3290 | 3025 6315 12 15 2k 0-83

. 45-49 | 2793 | 2601 | 5394 3 3 6 0-82
Total | 29607 | 28960 (58567 | 503 | 474 | 977 ' L
— L WS | R0 474 | 9
Find
(1) General Fertility Rate (GFR)
(i1) Age Specific Fertility Rate (ASFR)
(1ii) Total Fertility Rate (TFR)
(1v) Gross Reproduction Rate (GRR)
and  (v) Net Reproduction Rate (NRR) - 20

qﬁEWT?nﬁ#féﬁ1%$aﬂéﬁwaraaréﬁﬁT%'?Iﬁﬁavrfé$$aéhniréaﬁ#aﬁwrdﬁtﬂﬁam>
grRtem faftr g wwmarR s fify 9 g =TT a1 il @ a8y
qHETEY |

What is Reliability of Test Scores ? Explain Test-Retest method and parallel forms
method of determining test Reliability mentioning their merits and limitations. 15

sth-d-stsc 8
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7.(a)

7.(b)

prepp

2005-2010 T 3raflr & SR feordt St | srp et sdf=iat & wid =er sftad wegd
(gl #) 941 2005 H A AR &1 100 ATAER da4ed THT H qTedh Jod G
= fed g € | 2005 & HSIGI T AT H 2005-2010 H FHATAT 6 GEdiow
EECUEIRICICT IS LU

T4 2005 | 2006 | 2007 | 2008 | 2009 | 2010
wfagerstaa| 119 | 194 | 213 | 22-8 | 245 | 31-0
e (F.)
TTESh eI 160 | 12021 217 [ 1959 | 1293 146
GEEAED

a1 & 2005 H U 79 6l JAT H wedS 98 W Ueh YA & Hedi &l A w" Iy |

Given below are the average wage in Rupees per hour of unskilled workers of a
factory during the period 2005-2010 and corresponding consumer price index
numbers taken 2005 as base year with price index equal to 100. Determine the real
wages of the workers during 2005-2010 compared with the wages in 2005.

Year 2005 | 2006 | 2007 | 2008 | 2009 | 2010

Average wage | 11-9 | 19-4 | 21-3 | 22-8 | 245 | 31-0
per hour (Rs.)

Consumer Price| 100 | 120-2| 121-7 [ 1259 1292 | 140
Index

Also find the worth of one Rupee in each subsequent year compared to one Rupee
in 2005. ‘ 1.5

2005 | 2009 & TR fordl aeq & wid foretiumm &Y Sarfires woai § Fmal & siias
= fea €

a@ﬁﬂa“( 2005 2006 2007 2008 2009
3 45 48 49 52 60
1 54 56 63 65 70
I T3 ¢ 63 70 75 84
I\ 60 56 65 79 66

w3 sitaa fafr grr g gaeret @1 sl S aa segfe @6 @ v
I | 5 ;

9 sth-d-stsc
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The data on quarterly prices in Rupees per kilogram of a commodity during 2005 to
2009 are shown below :

Year | 3005 2006 2007 2008 2009
Quarter
[ 45 48 49 52 60
- Il 54 56 63 65 70
" o I ! 63 70 75 84
IV 60 56 065 72 66
Compute the seasonal indices by the simple average method and obtain
deseasonalised values. 20
7.(c)  @Titecs as T 2 7 Tereht seeEAT @S § efiiEed a5k o STESA el i At
fargat <6t farflr =1 ww=msa |
What is logistic curve ? Explain the method of three selected points for fitting the
logistic curve to a population data. 15

8.(a) @%ﬁﬁwﬁﬁﬁﬁwﬁﬁqﬁw%ﬁamwwﬁaﬁ a?r%rq,
sret x femft # 99 @ a1 [, = 1000 @ :

1x 0 1 2 3 - 5 6 7 & .

‘qx 012 | 0-005 | 0-01 | 005 | 01 | 05 | 08 | 09 |095

Complete the following life table of the population of a certain type of insects, x
being age in days and /; = 1000 :

y | 0 G 2 | &0 4 | 5 | € |7 | -8

| 9 "0-12 | 0-005 | 001 | 005 | 01 | 05 | 08 | 09 | 095
20
8.(b) T W TR Bt Woet & a # gy # faeman i |
Briefly discuss about the official statistical system in India. 15
8.(c)  gITeRi a1 giearfia i | =7k JUANT 9T UREATST S Sadrsd |
Define Index Numbers. Give its uses and limitations. 15

sth-d-stsc 10




