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CRNA-S-STSC

STATISTICS (PAPER-II)

Time Allowed : Three Hours Maximum Marks : 250

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.

Question 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 in the
space provided. No marks will be given for answers written in a 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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@Uus—A / SECTION—A

1. (o) wbd T 3 3eare fgam 3§ favien $ifw) o wom e stezgw & o ol aftade &

(b)

Tafvm =idi =61 =amen i) gamse & 7 wwn & % fagm e s g 2)

Distinguish between process control and product control. Explain the various
sources of variation encountered in a process control study. Suggest how they
can be eliminated from the process.

ABC & %1 Y994 T 99 I & fauvm & gy o =R = @ 21 =9 ufese § fufta
A € 4,000 F AEwEHA 8| A7 FR A 8, S0 6 ge, wRadd e o ol
Torft am | 39 3 1 e Fad F 9d w1 R WEGT F 99 FRE F1 221 At

ot go9 (¥)  wfrwar  |ofadha ama (F)  wifar fert T (3EAr) yifiar
3 02 1 0-3 2000 0-3
4 05 2 06 3000 0-3
5 0-3 3 01 5000 0-4

e agfes wems & s 81, 32, 60, 04, 46, 31, 67, 25, 24, 10, 40, 02, 39,
68, 08, 59, 66, 90, 12, 64, 79, 31, 86, 68, 82, 89, 25, 11, 98, 16 W fa=w
#IfT 3R 39 1A 1 WM A g (e AfEm F o veelt 3 agfus wed anfz)
10 AT % IR W I7H I & fou sivwa anw 1 sigan (fageiz) Hifsw)

The management of ABC company is considering the question of marketing a
new product. The fixed cost required in the project is ¥ 4,000. Three factors are
uncertain, viz., selling price, variable cost and annual sales volume. The
product has life of only one year. The management has the data on three
factors as under :

Selling Price  Probability |Variable Cost (¥) Probability | Sales Volume (units) Probability
@)
3 0-2 1 0-3 2000 0-3
4 0-5 2 06 3000 0-3
5 0-3 0-1 5000 04

(c)

Consider the sequence of thirty random numbers 81, 32, 60, 04, 46, 31, 67,
25, 24, 10, 40, 02, 39, 68, 08, 59, 66, 90, 12, 64, 79, 31, 86, 68, 82, 89, 25,
11, 98, 16 and using the sequence (first 3 random numbers for the first trial,
etc.), simulate the average profit for the above project on the basis of 10 trials.

afz N(t) U et W ® 3R s < t 2, @ P(N(s) = k| N(t) = n) W =ifse 3 feoft @fsa)

If N(t) is a Poisson process and s<t, find P(N(s) = k|N(t) =n) and comment.
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(@) @et % fagia § FA-H Fwegard i St 27 A fem o fafsiee feam w1 s Hifso)
vy fag e @e & fog #fisfa fafa i ememu)

What are the assumptions made in the theory of games? Describe the maximin
principle and minimax principle. Explain the algebraic method for games
without saddle point. 10

(e) Sfea-vfigor yanT § @E-geiq & FT U 8¢ UHPR-2 F Ge-afeid Wiaewl w1 AN e,
=TT g2, TS 917 0 B, % U=l & A &1 9uid dhifeg |
What are the importances of censoring in life-testing experiments? Discuss the

estimation of parameters involved in exponential distribution with mean 8,
using type-2 censored sample. 10

2. (a) U WA A TAF U AWM n = 5 el & ufaes ford wma &1 ot fag qpuran-ifiere % fom
X 3R R % 9F! *t Fpren smar 81 25 ufdewl it vwfa #3 % 9, a1 9m @ & ¥ =20
3R R =4-56.

(i) X 3R R fou dim-fm o dimmd 7 &7
(ii) =fe @ d@fe (I) e yafifa #xa &, @ wn o fagem &1 seem #ifsm)
(iti) ¥ o R wsm I yEma: sfea 21 afz fafdw 1945 &, @ www amed F SR
H 39 frewd am 87
(iv) I WeE WA 24 W THEGRG & 4T 2, 9 999 Wadl gfeey w3 T S A
g g T wiRrear = 27
(dy =2-326, D, =0, D, =4-918, D, =0,
D, =2-114, A=1-342, A, =0-577,
Ag =1-427, C, =0-940, B; =0, B, =2-089)
Samples of size n =5 units are taken from a process every hour. The X and R

values for a particular quality characteristic are determined. After 25 samples
have been collected, we obtain x =20 and R =4-56.

(i) What are the three-sigma control limits for x and R?
(i) Estimate the process standard deviation if both the charts exhibit control.

(iii) Assume that the process output is normally distributed. If the
specifications are 19 +5, what are your conclusions regarding the process
capability?

(iv) If the process mean shifts to 24, what is the probability of not detecting
this shift on the first subsequent sample?
(dy =2-326, D, =0, D, =4-918, D5 =0,
D, =2-114, A=1.342, A, =0-577,
Az =1-427, C, =0-940, B3 =0, B, =2-089) 15
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(b)

(c)

U Igd ded & uRefya fifsre fmer won wme o 3 smEfa yee B2 Aied W
e Bo 3R favasHiaar wod am Fifs | 77 i qwisy B snafa wee % sugw fawen
% YR W, 52 adqm, for o g™ favwerar @ 1 wqe & 2|

Define a Weibull distribution with scale parameter o. and shape parameter f.
Obtain the hazard function and reliability function of the model. Show also

that the distribution satisfies increasing, constant and decreasing failure rate
based on suitable choice of the shape parameter.

wF ot el wem-gfeemm wefafy & s s 2w ufved o = 2 v=m &
10% % s | 473 witast & 2% a1 6@ #9 #e dnyol £, 9 y=g wien B s g, s
78 st o o smar 21 3fE s faRm e w=a 5000 A ¥ 10000 THEE F A i
Faeral 8, A 3T 39 AT ZR AT F a1 § F1 FE Ghd 8¢ I Tao o o Fo 0-05 B,
at 91 T A1 3R i 3fed geen ver wdt 87

A company uses the following acceptance-sampling procedure—A sample
equal to 10% of the lot is taken. If 2% or less of the items in the sample are
defective, the lot is accepted, otherwise it is rejected. If the submitted lot varies
in size from 5000 units to 10000 units, what can you say about the protection
by this plan? If 0-05 is the LTPD, does this scheme offer reasonable protection
to the consumer?

UF FIHIH T & 50 K] fI q6E qF qgn A Ao 8, R s v R e i
Fadl IR a1 i ward W el et 2 s wER R

T + 1 2 3 4 85 6 7 8 9 10
gAY N AN F Faawsiem™ : 5 36 55 63 68 73 79 87 97 100

Wl I FAIE T F R, FalF AGYEIF AERE qE T o wfead wedf sl 27 8 afm
we 2 fome fou s 9t o gen weee B ) @91 i siwa dard @0 @ 5o e spren vareral
¥ U H ¥ UF W R il I Far 87

It is planned to raise a research team to a strength of 50 chemists, which is to

be maintained. The wastage of recruits depends on their length of service
which is as follows :

Year I 2 3 4 S 6 7 8 9 10
Total percentage who
have left by the end of year : 5 36 55 63 68 73 79 87 97 100

What is the required number of recruitments per year necessary to maintain
the required strength? There are 8 senior posts for which the length of service
is the main criterion. What is the average length of service after which the next
entrant expects promotion to one of these posts?

(b) U ufth WUt Y T B GEFEY| M/ M/ 1 i gumelt i s fifs i gEs wr-

SIET B B! (aifere | e Aafy d@2q i e of #ifsa

Explain the structure of a queuing system. Explain M/M/1 queuing system
and obtain steady-state solution. Also calculate busy period distribution.
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(c) TUF FF A uH Fd d 50 HUIE qF FH B 8, T8 I HR Bl & b & a1 A fafad 21
z9 @ € 240 wfd iz @ @i wae d 8000 et i win 71 yRE qH:gfd F A e
¥ fom @ 1,050 3in fecfiah & fou & 1,650 2, Jaf @ifcen amma v ad § 9t ged &
25 ufeerd sgAfE 21 g8 ama gu 6 @ @t A erwfa 99 2, ol % fog geam g Aif
=+ 27 7z favemw 4 i 2 aft Fuf e F wH FE F a9 A0 Ty H fwad w5
Iredt 27 afe @U@ 360 ufd Hiex F fow Hfae St 8, a wwa o w7 27

A company that operates for 50 weeks in a year is concerned about its stocks
of copper cable. This costs ¥ 240 a metre and there is a demand for
8000 metres a week. Each replenishment costs ¥ 1,050 for administration and
¥ 1,650 for delivery, while holding costs are estimated at 25 percent of value
held a year. Assuming that no shortages are allowed, what is the optimal
inventory policy for the company? How would this analysis differ if the
company wants to maximize its profits rather than minimize cost? What is the
gross profit if the company sells the cable for ¥ 360 a metre? 15

4. (o) Frfafd Was duma goen w1 g gve iy = wam & el
sftrRafiatl Z = x; +2x, +3x3 — X4
i wfterai % Haia
x; +2x49 +3x3 =15
2x; + x5 +5x3 =20
X1 +2x5 + X3 +x4 =10
X1, Xp, X3, X4 20
Use penalty method to solve the following linear programming problem :
Maximize Z =x; +2x; +3x3 — x4 3
subject to the constraints
X; +2x9 +3x3 =15
2x; + x5 +5x3 =20
X; +2xy + X3 +x4 =10
X1, Xg, X3, X4 20 20

(b) TUF TETEA S GHTE # WAl fo ufErer et 8, I gug-mnelt S qwid 18 2| aew-aa
FI ITHT F o9 FA-V-FH 5 G2 F1 AAHFEA o1 WIiEC) I IgH I A<t ww Hifere fFE w
¥ g R 1 aug 2w € ot f 1 S % o aree-ga 3w T W snafE g

&l fagmerer a2
fegh—rTgt AT
3gH o T T JeH Fo FEH T
1 7:00 AM 8:00 AM 101 8:00 AM 9:15 AM
2 8:00 AM 9:00 AM 102 8:30 AM 9:45 AM
3 1:30 PM 2:30 PM 103 12 A8 1:15 PM
4 6:30 PM 7:30 PM 104 5:30 PM 6:45 PM

weE WEl % fore 39 e w1 ot 3pE Fifve s'f aew-aa @t snafE g arfee)
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An airline that operates seven days a week has the time-table shown below.
Crew must have a minimum layover of 5 hours between flights. Obtain the
pairing of flights that minimizes layover time away from home. For any given
pairing, crew will be based at the city that results in the smaller layover :

Delhi~Jaipur Jaipur-Delhi
Flight No. Departure Arrival Flight No. Departure Arrival
1 7:00 AM 8:00 AM 101 8:00 AM 9:15 AM
2 8:00 AM 9:00 AM 102 8:30 AM 9:45 AM
3 1:30 PM 2:30 PM 103 12 Noon 1:15 PM
4 6:30 PM 7:30 PM 104 5:30 PM 6:45 PM

For each pair, also mention the city where the crew should be based.

(c) Figeiteh Wieema SRS #8187 U 21ghiaa Nia=aa e gansy, s fag pp =001,

«=0-05, p, =0-06 3B =0-10 7

What are sequential sampling plans? Suggest a sequential sampling plan for

which p, =0:01, « =0-05, p, =0-06 and B=0-10.

Apply the method of link relatives to the following data and calculate the

@WUs—B / SECTION—B
5. (o) T=fafEa siwet v gafea smifaes ot & wm fif i wgfe gawm H o Hifs

FraeT %1 g9 (@ # wfa 10 fremm)

EL
FIH 2001 2002 2003 2004
1 75 86 90 100
2 60 65 72 78
3 54 63 66 72
4 59 80 82 93

seasonal indices :

(b) T ¥fiaw fedl Y =0 +BX +u # o 3 B % 3o Usto TWHo HATheH! & Wia=ad sl & wreAl

Price of Rice (in ¥ per 10 kg)

Year
Quarter 2001 2002 2003 2004
1 75 86 90 100
2 60 65 T2 78
3 54 63 66 T2
A 59 80 82 93

3 Wl w1 =g Fif

Derive the means and variances of the sampling distributions of the OLS

estimates of & and P in the two-variable linear model Y =a +fX + w.
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()

(d)

(e)

(@)

(b)

(c)

yeferd Hehad! #, TR y = ViB + X,y + u W fa=m #ifsw, si8f y w6 (nx 1) "@fw 2, v, &
(nx(g-1) =€ 2, X, T (nxk) A= 2| AFed H o =pen = fafy & fag
wfeRuTl 1 e it |

Consider, in the usual notations, the equation y =Y;p+ X,y +u, where y is an
(nx1) vector, Y; is an (nx(g-1)) matrix, X; is an (nxk) matrix. Derive the
equations for the two-stage least square method of estimation.

a2 a7 anoft § IeRehfaar wed I(x), x 3 x +1 % == Wk & qon fordt v == & o
% foq amg 40 3t 41 W Sfigq A f yemm www: 21-39 a8 3k 20091 = &, 3k
1(40) =41176, T8 3119 41 TF g+ arcl AfwAl I G F1d HIfS |

If the survivorship function [(x) in life table is linear between x and x+1, and
complete expectations of life at ages 40 and 41 for a particular group of
persons are 21-39 years and 2091 years respectively and [(40) =41176, find
the number of persons that attain the age 41.

Frefefiga swoarar 529 % fau whew au@ x F a (7-96e1) F1 9o Fife
x |1 |2 ]3] 4]s
f 2 3 8 6 1
(G=reft wamT=T s wreft 98 Ho 9 H & E )

Compute the T-scores corresponding to test score x for the following frequency
distribution :

x |1 2]3]4]s
fl 21386

(Cumulative Normal Distribution Table is given in Page No. 9)

Ts To Mo WHo To (p, ) &M | W T & foTu 373 g=1 AHee il =men Fifsm)

Explain Akaike information criterion for order selection in an ARMA (p, q)
process.

EHedsy Ui 1 gifia i | aere 2Ean o % o e afm 0 87 yafaa @
H, o 3IRo (Twmiedt)(1) faeity & @y, fesl v = XB +u ¥ AAftrsran gwnfaan smepem &1
Ui Hifs |

Define autocorrelation coefficient. What are its consequences for ordinary least

squares? Discuss the maximum likelihood estimation of the model, in the
usual notations, Y = Xp +u with AR (autoregressive)(1) disturbance.

sirfie stiwei & due &t faft 6t sgrem fifsw) (j) diwest & g * forg vorfa ywRET &1 2R
(i) efiver 3cren @ wefia fafim oo iRt 3w TR ) st @ el fifs)
Explain the method of collection of industrial data. Describe the (i) official

publications for data collection and (ii) statistics collected by the various official
agencies pertaining to industrial production.

10
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(@)

(b)

(c)

(@)

(b)

(c)

Hedan =9 o fafim g w0 87 39 g % foru 32w wd sy f smen fifs

What are the various indices of mortality measure? Explain the purpose and
procedure for standardizing them.

HYWU Hhadl & @Y, e ghe e & v gfeam % ym Fifm, st fF e s 2
Pt)=—= 5 t>0,B>0, r >0 % 3| 7% el 1 it 1 oft avfr Hifdre

1+e" B0’
With  usual notations, obtain logistic curve as given by

Pl=—o

_—__r[_ﬁ_T]; t>0,B>0, r >0 for population growth model. Also discuss its
1+

any three properties.

ﬁﬁﬁﬂl’ﬂ‘éﬂq‘ﬁaﬁma{(ag Tho 3THo), Hahd 44 & (Sflo 3o o) 3N J2 57 I
(THo TR0 AWo), WSH & UF HIY & & H, UHh-gad ¥ fim 2 27

In what way do total fertility rate (TFR), gross reproduction rate (GRR) and net
reproduction rate (NRR) differ from one another as a measure of reproduction?

I Yoo Goshish hl Hheddl H8 HM A 87 A oI GaHH & Y@ TIH H Ui 9|
FY # &, I 3R IS F GAFHH| 1w -9 H =ren Hif)
How does the concept of wholesale price index work? Describe the major

components of wholesale price index. Explain the methodology of index
numbers of area, production and yield in agriculture.

G/M/1 el & =wen fifsg it qwizy 6 woref-sEen smem fag woneft § o @2
&t 21

Explain G/M/1 model and show that the steady-state arrival point system has
a geometric distribution.

7 e(x), 99 Aot TAfE #, Y x TF W F G, I(x) AEA ¥ G 2w g0 " ™
Sffaq & qui ol it s #1 3fEa 8, 3R g(x), Y x TF g & 98, Th a4 § 7 H
wiferan 8, 4t fag difse 5

_1-(e(x)-e(x+1)
R T

q(x)

If e(x) is the average number of complete years of life lived by each of I(x)
persons in life table population after attaining age x, and g(x) is the probability
of dying within one year following the attainment of age x, prove that

_l-(e(x)-e(x+1)
T l+e(x+])

q(x)

* Kk ok
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|ROM : g THEE w52
Table : Cumulative Normal Distribution

o= [ =™ a

X 00 01 02 03 04 05 06 07 08 09
0 5000 5040 5080 5120 5160 5199  -5239 5279 ‘5319  -5359
1 .5398  -5438 5478 5517 ‘5557 5596 ‘5636 ‘5675 5714  -5753
2 5793  -5832 5871 5910 5948 5987 ‘6026 6064 6103 6141
3 6179  -6217 6255 6293 ‘6331 6368 6406 ‘6443 6480 6517
4 6554 6591 6628 6664 ‘6700 6736 6772 -6808 6844  -6879
5 6915 ‘6950 -6985 7019 ‘7054 7088 7123 7157 7190  -7224
6 7257 7201 7324 7357 7389 7422 7454 7486 7517  -7549
7 7580  -7611 7642 ‘7673 ‘7704 7734 7764 7794 7823 7852
8 7881  -7910  -7939 7967 7995  -8023 ‘8051 ‘8078 8106 ‘8133
9 8159  -8186  -8212 ‘8238 8264 8280 ‘8315 8340 8365 8389
1:0 ‘8413 8438 8461 8485 8508 8531  -8554 ‘8577 ‘8599 ‘8621
11 8643  -8665 8686 -8708 ‘8729 8749 8770  -8790 8810 ‘8830
1-2 ‘8849  -8869  -8888 ‘8907 ‘8925 8944 8962 ‘8980  -8997 9015
13 9032 9049 9066 9082 ‘9099 9115 9131 9147 9162 9177
1-4 9192  -9207 9222 9236 9251 9265 9279  -9292 9306 9319
15 9332 ‘9345 9357 9370 ‘9382 9394 ‘9406 9418 9429 9441
16 ‘9452 ‘9463 ‘9474 9484 9495 9505 9515 9525 9535 9545
17 9554 ‘9564  -9573 9582 9591 9599 9608 ‘9616 9625 9633
1-8 9641 ‘9649 ‘9656 9664 ‘9671 ‘9678 9686 9693 9699 9706
19 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
2:0 9772 9778 9783 9788 9793 9798 9803  -9808 9812 9817
21 9821 9826 9830 ‘9834 ‘9838 9842 9846  -9850 9854 9857
22 9861 9864 9868 9871 ‘9875 9878 9881  -9884 9887 9890
23 9893 9896 9898 ‘9901 ‘9904 9906 ‘9909 9911 9913 9916
24 9918 9920 9922  -9925 9927 9929  -9931  -9932 9934  -9936
25 9938 9940 9941 9943 9945 9946 9948 9949 9951  -9952
2:6 9953 9955 9956 ‘9957 ‘9959 9960 ‘9961 ‘9962 9963 9964
27 9965 9966 9967 ‘9968 ‘9969 9970 9971 9972 9973 9974
2:8 9974 9975 9976 9977 9977 9978 9979  -9979 9980  -9981
2:9 9981  -9982  -9982 9983 9984 9984 9985  -9985 9986 9986
30 9987  -9987 ‘9987 9988 ‘9988 9989 ‘9989 9989 9990 9990
31 9990 ‘9991 9991 9991 9992 9992 9992  -9992  -9993 9993
32 9993  -9993 9994 9994 ‘9994 9994 9994  -9995 9995 9995
33 ‘9995  -9995 9995 9996 9996 9996 9996 9996 9996 9997
34 9997 -9997  -9997 9997 ‘9997 9997 9997 9997 _ -9997 9998
X 1282 1645 1960 2326 2576 3090 3291 3891 4417
o(x) 90 95 975 99 995 999 9995 99995 999995
2)1-o(x)] 20 10 05 02 01 002 001 0001 000001
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