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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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1.(a)

1.(b)

1.(c)

1.(d)

gus ‘A’ SECTION ‘A’

frmferfaa =t wwemey .
(i) T@rTiaes @eq dian
(i) o=@ fra=r dmm
(iii) fafader dam
(iv) saRafda faer dmm
Explain
(1) Natural tolerance limits
(11) Trial control limits
(iii) Specification limits
(iv) Modified control limits 10
ﬁaﬁ%%ﬁww%mmwﬁgaﬁwﬁww | ferelt <1 -=afip

sfaﬁﬂméﬁggg%ﬁaﬁ%ﬁquﬁg% srfetea & o U smagme
@qﬁqmaﬁw@amﬁaaﬂﬁq 1

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
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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
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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

(2) (3)
00 and p, . 10

{ 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 AT 7 A o WAl o AT S5 G ITRITh 7 o for 377k A1 et fafacfira
#fsu |
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

Obtain p

specify their values for the above system. 10
2.(a) fordl ufaed a9 # 20 U gEd g & dAfedcd & AU e smavass ue uaty
Tfceeer &t wg ey | B
f=tataa are WWWW(TP)W%F@W:
Ta=q

D, D, D, D, D, D, wr=ar
;2 1 -8 3-2 3|50

FemW G, |32 2 4 3 4|40
1% 5 4- 24 1| ®U
O, 4" 2 -3 & ¥ 2|3
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 | 60
O, | 4 2 2 1 2 2 | 30
Demand 30 50 20 40 30 10 LS
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2.(b)  aaanEd for T W ue i Freef @t of @ fafife fear o 2 | e e
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 HeAd el gRATg s |

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

(iii) #= & f6 X, X, .., Tl et wew {N(1), 1= 0} & 3FR-ITEH
g € | W i fR X, aWE ded 9 w@ad W€ e ded
P(X;=1)=P(X,=2)=4 & | k=6, 7 a9 t=7-7 & TQ P(N(@y=k) H
A I | N(7-7) & 37T EHE AT 4T © 7

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

(i1) If the renewal function is m(f) =24, =0, find the corresponding renewal
process. ‘

(i11)  Suppose Xj, X,, ... are the inter-arrival times of a renewal process {N({),
(= 0}. Assume that X;s are independent and identically distributed with

P(X,=1)= P(X,=2)=1.Find the P(N(t) = k) for k=6, 7 and ¢ = 7-7. What
are the other possible values of N(7-7) ? 20

3.(2) X & fou T =ré & fomfor s & forg 4 s & wftesf fo sma € | S
100 9% € 4T LCL 99T UCL SHeT: 96 941 104 W foaa € | afe wmar wan i
HIEA 98 AUT Ik [T 4 & |1 WATHI F T ATA il ¢, a1 ATk
et for fezror =d =N widqest wx srfeemrr & oo Sramadt 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 ? 12
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3.(c)

4.(a)

Strad TRieAoT | 9T, G qOT T @e-asid &l aHsTEd | 3H 8 Tl W & fou
TS ITEV SIS | 7 WiAd gu o Sftam-wra, fawaar ) 4 & @1y us sandide
ded Rl ATER dxal v, fAmfofaa gfémo gz - aﬁaw%ﬁmaﬁwsﬁaﬂ Tl
STfeRa® GATIId ATehcTeh ol WTH iy

=88, ,=105, ;= 141, t,= 344, i5=430, {,= 516, t,=937, t3=1057, t,= 1100
Gi%T i=9 10, .. 15% |
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 : ,
t,= 88, t,=105, =141, 1,=344, t;=430, t,= 516, t;= 937, t3=1057, ¢;,= 1100
ord=9 10, ... 15. 15
weh Eeh WITHA qHE #4971 ® oK 38 ford e srredel & w9 # weldfa forar s
qhal § ?

Frafafaa widarai & 6 g w

6x; + 3x, — 4x; < 60
2x) — 4xy + 4x; < 40
3% + 3%+ 3x, = 60
Xy, X, X320
ﬁt@m%ﬁx?ﬂwm@@wwz 3x,+2x2+6x3ar3ﬁ‘aarcmﬁaam
ey |

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, + 3xy, .60
Xy X3, %3210

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

fafafor ogl & = wsm & us gl swemga # fafady @wE 2375+ 041 €
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|0-760-77(0-79 0-780-73(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.

(iii) Will the process meet the specifications ?

(The table values are - 4,=048,D;=0,D,=2, dy =2-534) 20
4.(b) %ﬁmﬁaﬁ@mﬁn-ﬁmwwﬁmﬁwﬁmﬁwaﬁﬁqrﬁmﬁﬁaﬁ
AR w71 firg i ; -

(n+1) (n) (n)
Py = %Pik By = %Pm 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-mmm@
Tasf &1 fod=m hifo | ,
HIT D 61 wifrehat deq Freferfaa feam w2 .
0:02-00002D | 0<D<100
-]
0 ; 42>100 ;
NG dMd . 0-50 whafer € qon &4 i arg ®,) 3-20 whifed B | et
IR T ¥R 1 gy Hifno | :
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5.(a)

5.(b)

5.(c)

5.(d)

5.(e)"-

6.(a)

6.(b)

Discuss the single-period continuous probabilistic inventory
instantaneous demand, shortages and continuous replenishment.

The probability distribution of demand D is given by

002 - 0-0002 D , 0=D=100

f(D):{o . D>100

model with

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.

qug ‘B’ SECTION ‘B’
ST 3R TR SEEATE & S faded i |

Distinguish between stable and stationary populations.

gatqaT 1 s -sfea fafa &t gera # faa=mm fifig |

Briefly discuss about the Box-Jenkins method of forecasting.

FEEREd 1 AN 2 7 36 gRH B aqer |

What is Multicollinearity ? Give its consequences.

g -o & Tl argi =t aasm=d |

Explain different measures of Mortality.

ﬂ:ﬁaﬁaﬁﬂﬁ@:ﬁﬁ Z-TFE, I GHe qT TqTHA=NFT TH #9180 & 7 |

15

10

10

10

10

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

statistics ?

10

Tl At &Y TR ST | Tk Tkl Y SaTsd 99T 39 @ Weke & a9y |

Define Time series. Give its components and explain each of them.

15

2011 ® Tah e &t folaR -Saedt &1 ded ao fasifaar e & |19 S5 61 g

Trrferfaa afcoft & €1 2 2
EEEsren SR
aTg ot : srfastfaan
TEY | W | A | TEW | ®W | R
15-19 6145 | 5687 |11832 65 60 125 0-91
20-24 ‘5214 | 5324 |10538| 144 132 276 0-90
25-29 4655 | 4720 | 9375 135 127 262 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 27 0-83
45-49 2793 | 2601 | 5394 3 3 6 0-82

WA | 29607 |28960 (58567 503 | 474 | 977
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e i .
(1) AHTT IRAT R (ST qw Aw)
(ii) 3 -fafire S &3 (@ wm uw o)
(it) & AT R (I 0% R)
(iv) Tehel YTReITEH % (St AR a1R)
IR (v) ﬁ?ﬁ?ﬁ?ﬁ?ﬂfﬂﬂT(HWSHTSHI)

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 |11832] 65 60 s 0-91
20-24 | 5214 | 5324 |10538 144 132 | 276 0-90
25-29 | 4655 | 4720 | 9375 | 135 127 | 262 0-89
30-34 | 3910 | 3933 | 7843 82 81 163 0-87
35-39 | 3600 | 3670 | 7270 | ¢2 56 118 0-85
40-44 | 3290 | 3025 | 6315 12 15 27 0-83
. 45-49 | 2793 | 2601 | 5394 3 3 6 0-82
Total | 29607 | 28960 [58567 | 503 | 474 | 977 1 KT
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

6.(c) qﬁwaﬁﬁﬁﬁﬁaﬁaﬁrw@ﬁ% ? ot favaaeiaar & frerfor € weo-
Wam%%amww%aaﬁﬁ%amaﬁﬁqﬁﬁm@
qHATZS |

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

7.(b)

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
Tl (¥.)
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 fordt aeq & wid foretiumm &Y Sarfies woai § Fmal & siias
= fea €

a@ﬁma“( 2005 2006 2007 2008 2009
3 45 48 49 52 60
il 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 ;
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7.{e)

8.(a)

8.(b)

8.(c)

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
I 45 48 49 52 60
Il 54 56 63 65 70
i ! 63 70 75 84
\Y 60 56 65 72 66
Compute the seasonal indices by the simple average method and obtain
deseasonalised values. 20
rfafers o FaT & 7 Toreht SraEa wReE § ATiuiiEcd ash & TS el i =g tad
fargat <6t farfr =1 ww=msa |
What is logistic curve ? Explain the method of three selected points for fitting the
logistic curve to a population data. _ "5 4

o Fdi R % el o s & fr frafafa @ ol @ g A,
sret x femft # 99 @ a1 [, = 1000 @ :
1 s 0 1 2 - 3 4 2 6 7 8 .

‘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.V 1% | 3 -4 ) 8. | € 5.7 [ -8

| 4 0-12 | 0-005 | 0-01 | 0-05 | o1 ] 05 | 08 0-9 | 095
20

T W TR Bt Woet & a # gy # faeman i |

Briefly discuss about the official statistical system in India. 15

gaeTeRt w1 g i | =7k JUANT 9T UREATST S Sadrsd |

Define Index Numbers. Give its uses and limitations. 15
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