CS (Main) Eamaiid

wifeasht (I97-u=-11)
T : i T ferpan i : 250

Ty-U wraeeft o ergew
(IR A & @ Frfafaa F&E A g aaurigds o2)

T 3me U € S 4 wuel # fawifya § qun R o stish 91 A B 2

SufieaR ®I el grer U & IW I T

W9 HEAT 1 3R 5 fad & a1 wrht uwE § 8 U @ve ¥ FH-9-F0 T 9 g d wel o 3 difem)
Ui /A % forw frad e 3me ame fig o )

wwHt % I 3t wiftrrd memm § fom S =fee, e Ig@ e waw-ua | foean man R, #iR 3@ wrew w6 w9
IE TH-TB-IW (Fo o o) it % g@yy W sifha FfdE wm w e s =nfew) wiitga wrem
fafs o et memm & fom@ o s w FE oF Et fei

et o &1 I 2 F forg oiEl e @, i me <fifoe qun Iuet wE wu @ g i)

912 /fom, el JEvEd B, YW % IW a4 i T W g dfed ey 9

Tl % Il S T HAGER S| At e a6 w, @ v 6 I A e F Sl 9r 98 I e
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SDF-B-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. (a) #oft yomelt qun THIER Yome F g Fife) vE wnefl § Wad 9 9 991 9aen w9 9
faafa 9r s 9 o & ogeR 9IS €1 T 92 &1 TE atErdihl 8 ag1 "31ey
200 =9 & | Hg 300 =0 W Yorelt i favaatadr s i

Ry Ry
—O— — O

Define series system and parallel system. In a system, four independently and
identically distributed components are connected as per the following
configuration. Each component has exponential lifetime with mean equal to
200 hours. Obtain system reliability at time 300 hours :

R, R,
O —O—

10

(b) Tom: ufeemm 5w =t 9éy #§ gwenew) o ufeemw @ % @ ASN 2t ATI o @ &
3 fafag|

Explain double sampling plan briefly. Write the formulae for obtaining ASN and
ATI for double sampling plan. 10

(c) HETU Hehadi B X-912 & fou fageaw dimest @1 3g@ ifsw) 3fe rat sfaest oy ged veat
UCL & 31fere &t 5t &1, &t E(r) 31a i)

In usual notations, write the control limits for X-chart. If the rth sample mean
is the first to exceed UCL, obtain E(r). 10

SDF-B-STSC/18 2




(d) faw T wwEn % 3 w6 fafae) u o di 3@ A, B a9 C 4T 81 9 & TR %

(e)

gfa 3713 3918 &g SEvIHT
FeaT AT i

A B c

I 3 4 5

i g 5 3 5

F= W 1 991 [ 1 IR Al 2, e @A 5000 geEEl a9 7500 3HEEl Sueey &
ITE1 % Ui 3T IeAeA & fore = W ot sawear e @

I A I TedF TS B S A 0 A6l HH-GHE, 36 B @l S § o aTel JH-90F
AT 3 IR C H T AT HH-HE H AW A 2| B WA AT S I9E A
3000 T#E % GUGed IcUGd H Ghdl 2| diFl Ied@l F A W FE: 600 THE,
650 31 9 500 3HE &1 72 off v 2 5 sonfea s@meatl 21 31 4 & 7 § Ieiead
6 | g " o se 6 A, Bawn ¢ # wfa 5 o W € 50, € 50 @91 € 80 21
L F B @ 9 oisd % &9 A 9ar Hifsw, e fh efteman sy % fore a|e 3w
&1 genrgal 61 g F1 Pt o . gy

Give the applications of linear programming problem. A firm produces three
products A, B and C. It uses two types of raw material I and II of which

5000 units and 7500 units respectively are available. The raw material
requirements per unit of the products are given below :

Raw Requirement per unit of product
material A B E
I 3 - 5
I 5 3 5

The labour time for each unit of product A is twice that of product B and three
times that of product C. The entire labour force of the firm can produce the
equivalent of 3000 units of product A. The minimum demands of the three
products are 600 units, 650 units and 500 units respectively. Also, the ratio of
the number of units produced must be equal to 2 : 3 : 4. Assume that the
profits per unit of A, B and C are 50, ¥ 50 and ¥ 80 respectively.

Formulate the problem as a linear programming model in order to determine
the number of units of each product which will maximize the profit.

-G (39 ® iy i) wra-gieet w F o Fn-wn wee i gEeEE 8w
IeEA A aTefl ol = ATel il 25000 TR U 99 FEE Wt 21w AT H A
F1-25 ufq 39 81 = A & fou o1t fofa @ f g € 2146 ufd A& a0 w@E
1T, 3ied ATt & 5-4% i ad 2

(i) Fa ara-geht Hit arra a1 fdereh Gu w1 afEm (sEATHE die 9Es) J@ Hig)

(i) afe Werw g et H UH & S W g 25000 FHEAT WHEd W AN 57 W 6%
#1 92 31 & T 2, 9 71 39 3@ W o S aee?

10
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(@)

(b)

Define inventory. What are the advantages and disadvantages of having
inventories? A manufacturing company annually uses 25000 units of a raw
material. The cost of the raw material is ¥ 1:25 per unit. The ordering cost of
the raw material is ¥ 21-6 per order and the carrying cost is 5:4% per year of
the average inventory.

(i) Find the total inventory cost and the economic lot size.

(i) Should the manager be concerned if he is offered a discount of 6% on the
cost price on a single order of 25000 units by the supplier?

Trferfaa wwen =1 wwar fafy & swaa 3 &= i

TF FOA & yER B @ (IE) S=ar 2, o v 39 % w9 4 R qw gudt gEl 21 3 @e |
W|EA A #l 2 T a9 WEE B # 4 3 ufd 91 3R gE @ § WA A 997 B Y% 6
3 zarggl fd fesa 2t 21 59 @r € 3 ufd SR 9w gt @ € 4 ufd feen ot 21 v foram
H I WA F 0 W A i FA-H-FH 90 IHEAT 9 WA B Fit FH-V-FA 102 FHEAT
=ifen)| foram yds wwr # el @R @l aifF Fn-9-%0 ama 0 g sAEvEwal @
& wH?

Solve the following problem using simplex method :

A company sells two types of fertilizers, one is liquid and the other is dry. The
liquid fertilizer contains 2 units of chemical A and 4 units of chemical B per jar
and the dry fertilizer contains 3 units of each of chemicals A and B per carton.
The liquid fertilizer sells for ¥ 3 per jar and the dry fertilizer sells for ¥4 per
carton. A farmer requires at least 90 units of chemical A and at least 102 units
of chemical B for his farm. How many of each type of fertilizers should the
farmer purchase to minimize the cost while meeting his requirements?

% FEA (Ho Fo THo Fo o) femmm (Fder) I 1 vl Fiferg) Freqea & foma & 39 =i
#t o Higd 91 @ Fif | v weiie wefea % ufee & difeal @ Fmiv w81 s afe
freor 4 Bt R, A weia = dfifomt o Fmior sl @ st s @ 25:000 cm 997 AEE
=@ 0-020 cm % @iy Tm=G: faafa St 81 Frafia siooe w5 Aol & o g fomn
ST @ SR IR wend AT St B1 (1) Had X-= a (i) FEE X-9% H WA F#Hd g0 98
it shifsrg fo6 oo wef Forer aet o emum ot ol @ fer R

T 1 2 3 4 S
ey 24998 25:016  25:024 25022 24984

6 7 8 9 10
ey : 25012 25024 24978 25012 25017
o 11 12 13 14 15

greg . 25024 25:026 25027 < 25-028 25028

Describe a CUSUM control chart. Compare this chart with a Shewhart chart
with respect to performance. A machine produces spokes for the wheels of
bicycles. When the process is in control, the machine produces spokes whose

SDF-B-STSC/18 +
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lengths are normally distributed about mean 25-:000 cm and standard
deviation 0:020 cm. At regular intervals, a sample of 5 spokes is taken and
their lengths are measured. Use (i) Shewhart x-chart and (ij) CUSUM Xx-chart
to investigate whether the machine is correctly set on the basis of the following

data :
Sample : 1 2 3 -4 5
Mean : 24-998 25-:016 25024 25029 24984
Sample : 6 7 8 9 10
Mean : 25012 25024 24-978 25012 25-017
Sample : 11 12 13 14 15
Mean : 25-:024 25026 25027 25-028 25-028 18

(c) =iiEy fF U FTgFOE TR GEen #, ¥t sEwand v @ yEn A adl 8| qewE g
HeEHUT IRl 1 gRTe it | et AR S@er 1 It @AY STeE PT o wEif, fawe
HehHuT WTfeher 3TE (t.p.m.) Frefafiad 2

{—
P= a @ ; O<a, b«l
b 1-b

3@ud lim P W I

n-—yee

Show that in an irreducible Markov chain, all the states are of the same type.
Define the transition probability of a Markov chain. Find the higher transition
matrix P" of a Markov chain with t.p.m.

l-a a
P= : O<a, b<1
b 1-b

Hence, obtain lim P".
n—oce 20

3. (a) @wiizu foF 3 wada WEAEA UHHT 1 IR, T U9 WA el el 2|
Show that the difference of two independent Poisson processes is not a Poisson
process. 15

(b) U favm UER F wEmI-dest & fore e geg-at A v 2

qrE S| 2 3 4 5
HlE & 37 § yiawrd s@%aar ;10 25 50 80 100

w SfEfies g # 1000 399 SR % dgew 3EHe § § 91 U kel Siol g dod & aker
F T T 10 Bt 2| 3R G Fod UE WY F9e 90, 9 @ € 2-50 ufd @ew & 2l 12
weaTfya 2 5 e Ruffa saa & 9 ot aoa a9 Ry 9, =R 9 S T g v A6 e
T S-S o9 ©UE & I8 acel a1 & | e F) fhE g F iaud % @g |t soat ®
TEATHT TTfE?
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(c)

The following mortality rates have been observed for a special type of
lightbulbs :

Month s 1 2 3 4 S

Percent failing at the end of month : 10 25 50 80 100

In an industrial unit, there are 1000 special types of bulbs in use, and it costs
7 10 to replace an individual bulb which was burnt out. If all the bulbs were
replaced simultaneously, it would cost ¥ 2:50 per bulb. It is proposed to replace
all the bulbs at fixed intervals, whether or not they have burnt out, and to
continue replacing burnt-out bulbs as they fail. At what interval of time should
the manager replace all the bulbs?

Trrerar-wfaafa aon wwa-ufafEm sfeeem St & fofs § e faeaa e 5
% HTeg vl qda i o FEfaiy e Hif)

Explain the procedure for testing the mean of exponential failure time
distribution in the case of failure-censored and time-censored sampling
schemes.

4. (a) Trfafas ofEe s & fau sean 5a @ $ifw .

AIeT-TMeT
e A B C et
X 20 40 40 152
Y 80 120 80 164
z 40 80 120 154
T 144 204 82

Obtain an optimum solution for the following transportation problem :

Warehouse
Factory - = = Supply
X 20 40 40 152
Y 80 120 80 164
zZ 40 80 120 154
Demand 144 204 82

(b) M/G/1 uferal aueey aun diemss-fafaa o7 fefa)

Explain M/G/1 queues and obtain Pollaczek-Khinchine formula.

SDF-B-STSC/18 6
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(c) Tr=fafiaa @ vfeemm Fhegw Fises & fow OC 9% a1 ASN % @ifuu| @y & 78 =il

I WIHT G p H AF M IFR AL fFO0< p<1, 02 g F @ ¢

FHTF FR
1 woH 5 5
T 3 0
: fadf 9

Draw OC curve and ASN curve for the following two sampling inspection plans.

Assume large lot sizes and take values of p as 0 < p <1 with increment of 02 :

Sampling Sampling Sample Combined | Acceptance | Rejection
Plan No. No. Size Sample Size No. No.
1 1st 5 S 1
1st 3 0
2
2nd 6 9 1

5. (a)

(b)

(c)

SDF-B-STSC/18 s
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@us—B / SECTION—B

31 T & TEATE (AR) WhH 1 WHgErRY B 1d I |
Obtain autocorrelation function of autoregressive (AR) process of order two. 10

fafira erfieroit (vafat) g ves o fimd a0 (F129M) o1 I Sl % anfa i)

Describe the wholesale price quotations supplied by various agencies and their
limitations. 10

e ufeedt (visat) = fomm Sifsw
Hﬁf@ j l’t =61 +B2Xi +u:-
s 1 ;Y]

i

sEl y* aun X aeedga R ) frawe @, =B, S, /S, T S, a0 S, wu: @
(farer) o s (Taiee) % witest @k fomem €1 cov By, B,) F1 WM sft sma Fifsm |
Consider the following models :

Model I Y; =B +B.X; +y;

Model IT : Y;

L

*
=0y +0,X; +u;

=y +a,X; +tu;

where Y* and X' are standardized variables. Show that d, =B, S, /S,,
where S, and S, are the sample standard deviations of the regressor and the
regressand respectively. Also find cov (B, f,). 10

[P.T.O.



(d)

(e)

(@)

(b)

fem men 2 o6 we fodiw wqe % forw 30 @om 31 i 39 W ol Sfeq-wemn F: 27-49 76 T
22:56 a4 2 3R 30 & 3w W Sffadl A w@n 54435 ®| I@ HIC (i) 31 F W TF TG
Tt 1 W@ a1 (ii) 31 H W q g o WA At b g

Given that the complete expectations of life at ages 30 and 31 for a particular
group are respectively 27-49 years and 22-56 years, and that the number of
living at age 30 is 54435. Find (i) the number that attains the age 31 and (ii) the
number that will die without attaining the age 31.

T-ThR i ufeaied Fifsre | gash srgwar @i faflau) fr= amgfs sea & foo wham =r X &
WT-WWW:

£ ¢ 1 2 3 4 5 6 i

gy : 5 10 20 S 4 4 2

(Gm s |t 98 o 11 # & 7 7))

Define T-score. Write its applications. Find the T-scores corresponding to
the test scores X for the following frequency distribution :

x 1 2 3 4 5 6 7
¥y i B 10 20 5 4 4 2

(Normal Distribution Table is given in Page No. 11.)

o faafaar =1 g #0127 o3 @1 ufomm 27 faun Renfear = gar @ ¥ sfo=nfes
ditent =1 waE ifsa)

What is the nature of heteroscedasticity? What are its consequences? Explain
the formal methods of detecting heteroscedasticity.

anfefer feafemmdt (SRrdier) @ 27 anfies gemedt 1 qaiqem & & 39t Iwifian i afmmd
Tmige | F= fw v srwel & muR W, TR & aTew gEe &1 e Fifsg i gz fR
T2 GHT IehATT A ITEH IcHAv THEvT 6 FAT § -

2004 2005
g
7o qTAT g7 AT
A 10 19 12 50
B 12 25 15 20
& 18 10 20 12
D 20 S 40 2

SDF-B-STSC/18 8
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What are economic barometers? Show their usefulness as well as their
limitations in forecasting economic events. Calculate Fisher’s ideal index from
the data given below and show that it satisfies time reversal and factor reversal

tests :

. 2004 2005
Commodity ’ : ; .
Price Quantity Price Quantity
A 10 19 12 50
B 12 25 15 20
C 18 10 20 12
D 20 5 40 2

20

(c) = gt w27 afnrdidl ) foflay ot o9 aroft & et A =wen Fifw) wfim 5 anf
* Fmfor & vy ol forflaw ) s & foret o i faa=mn ifsm)
What is life table? State the assumptions and explain the elements of life table.
State the principal methods used for the construction of abridged life table.
Discuss any one of them.

Consider the two-equation system :

ar-grie ggfd w famm Fifsw

Br1ye +B1oYas +Y11%1 +Y12X2 = Uy
Boi1yie +Baolar +¥21% +Y22X0: = Uy
afdeR4l y,, =0, yoq =0 F IFwia wels gt it vgam-feufa fenfe | gt & smhem
EARCICR:EEE

BriYre +B12Yor +Y11%1 +Y12X2: = Uy
Boit +Boolar +Y21%1 +Y02X0r = Uy

15

Determine the identification status of each equation under restrictions y;; =0,
Y5; =0. Explain the method of estimation of the parameters.

(b) 4 we fafifa fopy o & @rfsk 3 faaar fam w wwm s=aua § ) 9fe ayg § waan 78 85%
¥ I} 2 o HfeTan 7E 25% ®, 9 T d g & #el % I BH % forg Jaftess e
1 SIS (@eher s G groft 98 o 11 F &t E 1)
4 items are to be constructed so that they are equispaced on the difficulty
scale. If the easiest item is passed by 85% of the group and the most difficult
by 25%, find the percentage of individuals in the group passing the other two
items. (Normal Table of Area is given in Page No. 11.)

(c) Toen iR wfagm # =R i Fvaedgar 9 Juar 6t gween gagmE| fGweEgfigar s qu
Seren T ST QA AR Ao A
Explain the concept of reliability and validity of scores in education and
psychology. Describe the methods of obtaining the reliability coefficient and the
validity coefficient.

SDF-B-STSC/18
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8. (a) ARIMA (p, d, q) Y&H & (@AM % Fit faftmt wezmey)
Explain the methods to forecast ARIMA (p, d, q) process. 15

(b) &AEA o IATHS YT IUS o IAThS! I UhA B b Atk qu1 A FavaEfar w we Fifs)

Explain the methods of collection of area statistics and yield statistics, and

their reliability. 20
(c) emal F fafim oo oagee) afe | o oEr S= # AU 48 ;52 7, q1 {e faw

ATFHES W HIET Wehed I 2L 1 Tiahe I

30 998 1000 Ffgenesi @ 3c9=1 a=91 % G

15-19 50

20-24 180

25-29 200

30-34 150

35-39 80

40-44 40

45-49 10

Explain different measures of fertility. From the following data, calculate
the female gross reproduction rate if the ratio of male and female children

be 48 : 52 :
Age group No. of children born to 1000 women
15-19 50
2024 180
25-29 200
30-34 150
35-39 80
40-44 40
45-49 10
15
* * ok
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wroft : Gt yEE s
Table : Cumulative Normal Distribution

o =[* e /at
-=.2n
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 “T187 ‘7190 -7224
‘6 7257 7291 -7324 ‘7357 ‘7389 ‘7422 7454 ‘7486 1517 “7549
=F 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
1-0 ‘8413 ‘8438 ‘8461 ‘8485 ‘8508 ‘8531 ‘8554 ‘8577 -8599 8621
1+l ‘8643 ‘8665 -8686 -8708 ‘8729 -8749 ‘8770 ‘8790 -8810 ‘8830
1-2 -8849 ‘8869 ‘8888 8907 ‘8025 -8944 ‘8962 ‘8980 -8997 ‘9015
13 ‘9032 ‘9049 ‘9066 ‘9082 ‘0099 ‘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 ‘0418 ‘9429 ‘9441
16 ‘9452 ‘0463 ‘9474 ‘9484 ‘0495 -9505 ‘9515 ‘9525 ‘9535 ‘9545
17 ‘9554 ‘9564 ‘9573 ‘9582 ‘9591 ‘9599 ‘9608 ‘9616 ‘9625 ‘9633
18 ‘9641 ‘9649 ‘9656 ‘9664 ‘9671 9678 ‘0686 ‘9693 ‘9699 ‘9706
19 ‘9713 9719 ‘9726 9732 ‘9738 9744 ‘9750 ‘9756 ‘9761 ‘9767
2:0 ‘9772 Q778 ‘9783 ‘9788 ‘9793 ‘9798 ‘9803 ‘9808 ‘9812 ‘9817
21 ‘0821 ‘9826 ‘9830 -9834 ‘9838 ‘9842 ‘9846 ‘9850 ‘9854 ‘9857
2:2 ‘9861 ‘0864 ‘9868 ‘9871 ‘9875 ‘9878 ‘0881 ‘0884 ‘9887 ‘9890
2-3 ‘9893 -9896 ‘9898 -9901 ‘9904 9906 ‘9909 ‘9911 ‘9913 ‘9916
2:4 ‘9918 ‘9920 0022 ‘9925 ‘9927 ‘9929 ‘9931 ‘0932 -9934 ‘9936
2:5 ‘9938 ‘9940 ‘9941 ‘9943 ‘9945 ‘9946 ‘0948 -9949 -9951 ‘9952
26 ‘9953 -9955 ‘9956 -9957 -9959 ‘9960 ‘9961 ‘0962 ‘9963 ‘9964
27 ‘9965 ‘9966 ‘9967 ‘9968 ‘9969 ‘9970 ‘9971 9972 -9973 ‘9974
28 ‘9974 -9975 ‘9976 9977 9977 ‘9978 ‘9979 9979 ‘9980 ‘9981
29 ‘9981 ‘9982 ‘9082 ‘9983 ‘0984 ‘9984 -9985 ‘9985 ‘9986 ‘9986
30 ‘9087 ‘9987 ‘0987 ‘0988 -9988 -9989 -9989 -9989 ‘9990 ‘9990
31 ‘9990 9991 ‘9991 ‘9991 ‘9992 ‘9992 ‘9992 9992 ‘0993 -9993
32 ‘9993 -9993 -9994 -9994 -9994 -9994 -9994 ‘9995 ‘9995 ‘9995
3:3 ‘9995 ‘9995 ‘9995 ‘9996 ‘9996 ‘9996 -9996 -9996 ‘0996 -9997
34 ‘9997 -9997 ‘9997 -9997 -9997 -9997 -9997 -9997 ‘9997 ‘9998
x 282 1-645 1-960 2-326 2-576 3-090 3291 3:891 4417
0(x) ‘a0 ‘95 975 -99 -995 -999 -9995 ‘99995 ‘099995
2-o(x)] 20 10 05 02 01 002 001 0001 -000001
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