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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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WUus—A / SECTION—A

fafsra &t <t ==men fifs | gemse % o wee @ %9 fage frn s gear )

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 Ut &1 Jau Tk 99 3918 & 990F & 9 W fo=m o w1 21 39 afeie # fuita
wmTd & 4,000 F ArawEEdr @ | 7w A 8, S faht go, afted-a @ sii arffe
Torsht T | 39 IcuTe 1 S Aol Uk 9N @ | YSUT % U9 1 R F S Frefeiad ®

fersbt go71 (¥) wiEar | fadaig e (€)  Sifesar faght 7raT (3eTear) i

3 0-2 1 0-3 2000 0-3
4 0-5 2 0-6 3000 0-3
5 0-3 3 0-1 5000 0-4

e argfes® weast & gwn 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=R
HIY 31 30 1gHA H T FA gU (TE A F for veeht 3 T @ enf)
10 TSR % STTER R 39 UfEismT & fore sfaa e o1 sigar (Rmgeie) $ifs)

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 3 01 5000 0-4

()

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.

Ife N(t) U @6l UshH B 3R s < t 8, @ P(N(s) = k| N(t) = n) I8 shifsg 3t feoaofi ifsm)

If N(t) is a Poisson process and s<t, find P(N(s)=k|N(t)=n) and comment.
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Tt & fagd § BH-H Feqand fit St 87 AfFafm fem o e fem @ avia fifs)
vem faeg e wat & for sfsfia fafy &1 awemsw)

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.

e -qfieur ga § @e-asiH % 1 HE 8¢ UHR-2 % @e-afeid Ufdesl 1 TN e,
TR e, fStaeT 7167 0 B, & UrEell & 3Teheid &1 auig Hife |
What are the importances of censoring in life-testing experiments? Discuss the

estimation of parameters involved in exponential distribution with mean 6,
using type-2 censored sample.

T YHH H TAE G2 AWM n = 5 (A2 % Ufde ford a8 1 et fomig qurar-sifirae & forg
X 3 R % #el &t fraren wimar 81 25 ufdewi i uHha @ & 916, 81 9H 4 § X =20
3 R =4-56.
(i) X 3R R fou - Frrmor diand = &7
(i) afe 3=t wfem (I) Fam welifa o 8, @ wshe ue fomaem &1 e difsg)
(iii) WA ffSe oy 3eares yama: sfed 21 afe faffdw 1945 &, @ www amed & am
o 3tk e a1 27
(iv) A wehm W1eA 24 W TIFEGENG & ST 2, 9 Y99 Wadl Sfesl W3 TIHEE S A
g 1 <t wifreRar @ 27
(dy =2-326, D; =0, D, =4-918, Dy =0,
D, =2-114, A=1-342, A, =0-577,
Az =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?

(dg =2-326, D, =0, D, =4-918, D5 =0,
D, =2-114, A=1-342, A, =0-577,
Az =1-427, C4 =0-940, B; =0, B, =2-089)

10

10

15
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TF AgA Feq I aRea i fSeeR Asn wee o 3R eTpfd wee B R wiew @
HeheIkdd1 %o 3R foveefirar wom wm Fif)| 7 +ff qwifse B sl wee & suge fasew
% MR W, Fed adaH, fRR i g™ faverar € & ¥qe #ar 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.

& Ful Frefafaa weor-ufoeem wrEifaf &1 g =t 2—us ofesd fomn = @ u= %
10% % aeR | afe faest # 2% o1 3@ *u0 7 Iyl &, @ T when R s ], s
Tg iR R faan S 21 afe st R men w= 5000 3 & 10000 FhEE % A |
JEAAT &, A AT 9 AT ZR GUET F IR H F1 g Gohd 8¢ I Tedo o o o 0-05 2,
A F T AT IUNIET i 3 geen e wedt 27

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?

T IJHIE @ Fl 50 W] F AR % deH hl I 7, T T W@ B et B
Faidl 3Tkt a1 i Farg W AR FA 2 T W IBR R

a9 w2 33 5 6 7 8 9 10
FAgVE N G F dHaamsig™ : 5 36 55 63 68 73 79 87 97 100

Wt T TTIE AT FT B, Selfeh G=F qRIE 99 WA & fou yfqad wdff st 87 8 afm
1e & fome fore @an it @aré g o B da1 it sia oers w1 @ e ae e vawrkal
T 9e § ¥ U W eIl i INfig Hdr 27

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 - | 2 3 4 5 6 T 8 9 10

Total percentage who

have left by the end of year : S5 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?

T Ufth WUt 1 T S wEeee|l M/M/ 1 U guneft it smen i o gus -
EXT 7 1 Faifere | = srafy e it e oft fifs)

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) TF FUH S T Y A 50 WHIE A B Bl €, T8 AT FIR Hioed b Wiw & a) A fofad 2|
Toh! @ € 240 ufd e @ 3t gu d 8000 e & #it 21 Y% AYfd I AN T
& g @ 1,050 iR fechadt & fou & 1,650 2, Jafe gifcen @@ o ad ° aid qea &
25 ufawr gAia 21 7€ 7Fd gC fh B wt i orgafa 7 2, Fo % forg seam e Aifd
77 27 7 faveur 2 fir S afe st AT B FH B F T 0 AN H ST FEAT
aredt 87 afe Fuh € 360 ufd WX F foru FHfoa swdt 8, @ wha @ w0 87

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) Frfafea Was dume gaen w1 ga gve f&fy @1 wm #es Fefag
AMFART Z = x; +2x, +3x3 — X4
1 wfqerai & sfaia
x; +2x9 +3x3 =15
2x; + X9 +5x3 =20
X; +2X5 + X3 +Xx4 =10
X1, Xo, X3, X4 20
Use penalty method to solve the following linear programming problem :
Maximize Z =x; +2x, +3x3 — X4 i
subject to the constraints
x; +2x9 +3x3 =15
2x; +xy +5x3 =20
xX; +2xy + X3 +x4 =10
X1, Xg, X3, X4 20 20

(b) TH THETEA S GHTE # @t feq uftren w2, Sueh gwg-aneft e g w81 =es-ad
I ISAT F A= FA-V-FA 5 G2 1 FaAmhe A1 =R A IgAT A S v A T =
¥ s w1 o =man 8 R o & S F foe ares-aa 3w e w s g

Sl fasmmehrer S8 2
Regh-sag Sag-fagh
38 Fo JEYH ST 3T Fo T 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 12 918 1:15 PM
4 6:30 PM 7:30 PM 104 5:30 PM 6:45 PM

T WE % T 36 v &1 ot Ig@ i Sl oo ® snerfa B =)
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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. 15

et faeg SESATE I 87 U Sigghiie ufaeem st gensy e fag p, =0-01,
o =0-05, p, =0-06 IR PB=0-10 &I

What are sequential sampling plans? Suggest a sequential sampling plan for
which p; =0:01, « =0-05, p, =0-06 and B =0-10. 15

@Ues—B / SECTION—B
frferfiga sifeel w gafem smifes faft i wim i v wgfs g £t e Fifm
Frae &1 g7 (€ | wfa 10 fretmm)

Eu
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

Apply the method of link relatives to the following data and calculate the
seasonal indices :

Price of Rice (in ¥ per 10 kg)

Year
Quarter 2001 2002 2003 2004
1 75 86 90 100
2 60 65 72 78
3 54 63 66 72
4 59 80 82 93 10

e faw e Y = +BX +u # o 31 B % 3o Telo ThHo 3ol o idaad et o Hieai
3T JEROT T Fead hiforT |

Derive the means and variances of the sampling distributions of the OLS
estimates of o and P in the two-variable linear model Y = o + X + u. 10

CRNA-S-STSC/25 6
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(c) wafea Gehal &, FHET y = Y, + Xy + u W fowm i, 8 y & (nx ) wfew 2, v &
(nx(g-1) IR B, X, T (nxk) A ¢l 3Tker h fGawor =man o fafa & fog
el s geaa i)

Consider, in the usual notations, the equation y =Y;f+ X vy +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. 10

(d) afE a7 groft § IaEhfaar Bem 1(x), x 3R x +1 % = Was 2 qon foreht Foow =aferat & a
% fou oy 40 i 41 W Sfaq & i yemen wAw: 21-39 @9 3R 2091 ¥ Z, IR
140) =41176, T 31 41 T Tga- aTcl SATHAT hl T F1d HIfT |
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 20-91 years respectively and [(40) =41176, find
the number of persons that attain the age 41. 10

(e) Trmferfiga aramar sea & fow wierr aue x % TTa (T-THeT) 1 TReher HIRT :

x | 1| 2] 3] 4] s
Fl2]3]8 |6 |1

(Tl JEm= S |Rvfl g8 "o 9 H @t TE @)

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

distribution :
% 1 2, 3 4 5
f 2 3 8 6
(Cumulative Normal Distribution Table is given in Page No. 9) 10

6. (a) TH To Mo WHo Uo (p, q) TehH | HF U & fIU 313k T AHES i =mea Hifv |

Explain Akaike information criterion for order selection in an ARMA (p, g
process. 15

(b) TEEESY U ht TR I | TraRe =Ean a6 fore gaek aftorm @ 27 yefora et
#, To R0 (TawwryEt)(1) faeis & @y, eyl ¥ = XB+u & Afteman gwifaar smehem &1
FuiA HifT |
Define autocorrelation coefficient. What are its consequences for ordinary least

squares? Discuss the maximum likelihood estimation of the model, in the
usual notations, Y = Xf +u with AR (autoregressive)(1) disturbance. 20

(c) 3irenfies fwst & wwe $ faftr 6 sgmen fifsw) () stiwst F Tur & v aed ywrET #1 3k
(ii) 3Menfier Icre @ weift fafim aoehla iRt g wa o ™ el ot avia ifs)

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. 15

CRNA-S-STSC/25 7 [P.T.O.
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7. (a) wd AT % ffvE geeis F®1 87 Ih AR o fou 3T wd wrfaty i =men fifvw)

What are the various indices of mortality measure? Explain the purpose and
procedure for standardizing them. 20

(b) TURY Ghadl % @iy, swee gty el % fo gfgema 9% ww Aifse, st fh feam s @
Pl)=—L . t>0,B>0, r>0% gu| 36 gl o 1ot 1 ot =i Bl

Tl

With  usual notations, obtain logistic curve as given by

Pl = Ir'(ﬁ k t>0,pB >0, r >0 for population growth model. Also discuss its
el

any three properties. 15

(c) Tra o & aqul Sewar R (o Tho 3TRo), Thal 4 & (Sflo 3o 3MMo) 3R 92 F7H R
(THo 3o HRo), TS & TF HI & & #, ThH-g ¥ form d &7

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? 15

8. (a) 9% oI Yohich hl HheUAT hdl HM Bl &7 Ak Yod YAHIH & Y@ HeH H1 G0 HITC|
FHY T &, Icare 3 IS o YEHih! bl HE-UEA! hl AT AT
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. I5

(b)) G/M/1 Frest & =men fifsw R qufze % coref-swern smma fog womet & iR e
a1 71

Explain G/M/1 model and show that the steady-state arrival point system has
a geometric distribution. 20

(c) 3R e(x), 37 Grult TAlY #, Y x T TgeH & W6, [(x) ARE 7 ¥ T&F Al g0 2 ™
Sftam o qof aut it TEnett w1 3fEd R, 3 g(x), 3 x T Uged % a6, Th a9 § 7 H
TifeRar 2, @t fag fifse fr

1-(e(x)—e(x+1)
l+e(x+1)

qx) =

If e(x) is the average number of complete years of life lived by each of [(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

1-(e(x)—e(x+1)
l+e(x+1]) 15

q(x) =

* * k

CRNA-S-STSC/25 8
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Table : Cumulative Normal Distribution

‘Nx)=fj;:é%:e‘ﬁ/2dt

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 77257 7291  -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 ‘8289 8315 ‘8340 8365  -8389
10 ‘8413  -8438  -8461 8485 8508 ‘8531  -8554  -8577 8599  -8621
11 8643 ‘8665  -8686  -8708 8729 8749  -8770  -8790  -8810  -8830
12 8849  -8869  -8888 8907 8925 ‘8944  -8962  -8980 ‘8997 9015
1-3 ‘9032 ‘9049 ‘9066  -9082 9099 9115 9131  -9147 9162 9177
1-4 9192 9207 9222 9236 9251 9265 9279 9292 9306 9319
1-5 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
2:2 9861 ‘9864 ‘9868 9871 9875 9878  -9881  -9884  -9887 9890
23 9893 9896 9898 9901 ‘9904 9906 9909  -9911 9913  -9916
2:4 9918 9920  -9922 9925 9927 9929  -9931  -9932 9934 9936
2:5 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 11960 2326  2:576 3090 3291  3-891 4417
o(x) 90 95 975 99 :995 ‘999 ‘9995 99995  -999995
21-0(x)] 20 10 05 02 01 002 001 ‘0001  -000001
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