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UPSC CSE 2021 MAINS PAPER 7 JANUARY 16, 2022 STATISTICS OPTIONAL PAPER-II QUESTION PAPER

LI ED (WgR-9=11)
STATISTICS (Paper 1I)

fAyiRa gaa : i que 3iférram 3 : 250
Time Allowed : Three Hours Maximum Marks : 250
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W forar s =ife | s wem & sfafes s foelt wmemm & ford @ SR R A% o R
fietat |

freft wem &1 IR A F o et SEa €@, e AW ST auT SHe WY ¥9 § giua fifg |
=1 /T, el Jaws |, Y & W oF f W W g sifea fog Smd |

WAl & SERI B TOET HAMER H ST@H | afe wer T8 8, A T b IW H AT B S
wTe 98 IR dvia: o B | veE-we-Iw yfe # arelt BIET 0 8 AT S6F I H WE
®Y § & T 0T |

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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g usg ‘A’ SECTION *‘A’
U ISV 6 Ferdl &, Uahd Uiq=ad ST &l et Hife | ue gfa=aq s
H TERE A 9% & Wew @ W ol |

Explain Single Sampling Plan with the help of an example. Also, write the importance
of an Operating Characteristics Curve in a sampling plan. 10

frafafaq fraaa aven & s difvo

fem Depot
I onm m v v

160 130 175 190 200
135 120 130 160 175
140 110 145 170 185
50 50 80 80 110
55 35 80 80 105

TR

Town

moOaOw»

Solve the above assignment problem. 10
dta fafy &1 s W fafafes @@ & w9 $ifsg .
faerdr B Player B
B, B, B; B,
A; [ 025 020 0-14 0-30
fgerst A A, | 027 016 0-12 0-14

Player A A, | 0-35 008 0-15 0-19
A, |-0-02 0-08 0-13 0-00

Use algebraic method to solve the above game. 10

HHAT WIRAHAT g

0
1
2

& qY wF weE gaa | e fifg | gufm 6 smemd smed sk wdana
FfRriE € |

Consider the Markov Chain with transition probability matrix :

1

O N— O O
b— D e
S N—= O

0
1
2

Show that the states are periodic and persistent non-null. 10

O N—= O o
O N—= O N

1
0
1
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1.(e) ST AT & Aed & Fay | afe fadt e I deorad ® W TR @ T

e h(t) = 0-015, t <200
~10-025, £ >200
A UeF & FAEadad $oF F UF Ao d WH HIT | |
State the importance of the hazard function. If the hazard rate of a component is given
by: ey | 0015, £ <200
~ 10025, ¢t >200
then find an expression for the reliability function of the component. 10

2.(a) v fofar @ @' uar weaar § Of6 sigan e elifaem @@ w1 swm wfafew
1.4 # B ® R mm w, e fGwaar 9@ W= @@ (W E UE)
2000 W B, TH 9§ H GRS A YRy A A R | Al fawear 9@ & FA w e
W §, @ ard wEfy & Rm fava g @@ & whem s Hif |
A manufacturer finds that on the average, a television set is used 1-8 hours per day.
A one year warranty is offered on the picture tube having a mean time to failure (MTTF)

of 2000 hours. If the distribution of time to failure is exponential, then determine the
percentage of tubes failing during the warranty period. 15

2.(b) 20 WGl W Nt A Hewm oo K W, AN q 0 R
s gugeh frEw @R @ sww fife R ag vt fe own owew frew # R
ar G

g wE | Qe it we e §E | QWi i o"en
Item No. No. of defects Item No. No. of defects

1 2 11 6

2 0 12 0

3 4 13 2

4 1 14 1

5 0 15 0

6 8 16 3

7 0 17 2

8 1 18 1

9 2 19 0

10 0 20 2

The number of defects on 20 items were recorded as given above :
Use a suitable control chart to identify whether the process is in control or not? 15

2.(c) JAEEH IR IUARKI & TIRGH H GHeuAsi H GHARY | YIS a3 99 o
100 #Gi &1 THh agfee ufied fraem @ fola fom = R | e 99 @ SR
&I € afg 2 ¥ e Qqupt o ¥ | Al wied I &R 1% @ R s
AT &R 5% ¢ A SIGE AR IUHIHT &k TREHT B AW HIC |

Explain the concepts of producer’s and consumer’s risks. It has been decided to sample
100 items at random from each large batch. We reject the batch if more than 2 defectives
are found. If the acceptable quality level is 1% and the unacceptable quality level is
5%, then find the producer’s and consumer’s risks. 20
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ufth Wt M| G| 1 T sren i | dieeste-fhfa g @ v Aif |

Explain M|G|1 queuing system. Obtain Pollaczek-kinchine formula. 15

ﬁw%ﬁaaw&aﬁmmmomﬁﬁrmmmmﬁmﬁq:

WS  Store
I I I IV Sﬁly
50

Al 4 6 8 13
B|13 11 10 8| 70
T
B0ty ](): 14 4 10 13 | 30

9 11 13 8 | 50

AR Demand 25 35 105 20
Use MODI method to solve the above transportation problem. 15
fommaear fafy &1 S =& ea Aifvg
FfRTERT 2z =2x, +x, + X,
e wfoseat & sioefa 4x; +6x, +3x; <8

2x)+3x, =5x; =24
Sﬁ'{xl,xz,x3 =0,

Use two-phase method to solve :
Maximize z=2x; +x, + X3

subject to the constraints 4x; +6x, +3x; <8
3x1 —6x2 —4X3 <]
2x +3x, =5x3 =4
andxl,xz,x:;BO_ 20
frafafea W omm w7 &1 g A :
FfaHTR 2 = 3x, +5x,

e wfqerat & sfafa 3x, +2x, <18
x <4
X, <6
3ﬁ-{ X1, X2 = ().
WMW@%quﬁQﬁaﬁwwhﬁﬁrm
Solve the following linear programming problem :
Maximize z=3x; +5x,

subject to the constraints 3x; +2x, <18
x; <4
X, <6
and x;, x, =0.
Discuss the change in C; on the optimality of the optimal basic feasible solution. 15
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w fmtar @ o FEdt @ wfy @ s S § 600 A H mafd WAl wget
A & sty 7g & 3k dMem-wrer 60 X whi s wia @ € | g A@nE
iy @k 80 TR £ Wiw P () RfE ey WA (SRR MR Fifed)
(i) f seaw ey A smufd A zEaw sy SR (i) 20 whiva sfeE SR 40%
FRY FA ¥ FEfUd FA A H{ gg |

A manufacturer has to supply his customers with 600 units of his product per year.
Shortages are not allowed and storage amounts to 60 paise per unit per year. The set

up cost per run is Rs. 80. Find (i) economic order quantity (ii) optimum period of supply
per optimum order and (iii) increase in the total cost associated with ordering 20 per

cent more and 40% less. 15

T Wi A A W e % T W F fu e e omm ) v s
5 ¥ Tg wiyeyt @ g & 7 3R Fafafea afom ww gg

yiedt @ | 1 | 2 |3 | 4| 5|6 |7 |8 |9]10
aeq 43 | 49 |37 | 44 | 45 | 37 | 51 |46 | 43 | 47

gferR 516 | 5| 7|74 |86 | 4]6

wer AR oReR GfE & STEW axe wra Gty fh o wew fmw #§ 2 7
(n=5 % foq faar ®, d,=2326 3R d;=0864)

A machine is set to deliver the packets of a given weight. Ten samples of size 5 each
were examined and the following results were obtained :

Sample No. 1 2|3 4 5 6 71 8 9 |10
Mean 43 | 49 | 37 | 44 | 45 | 37 | 51 | 46 | 43 | 47

Range 5 6 | 5 7 7 4 8 | 6 4 | 6

Use mean and range charts to check whether process is under control. (Given for n =35,
d,=2-326 and d;=0-864) 20

gus ‘B’ SECTION ‘B’

SR F ydemEa: sEetid gaEn et d aren fifvg ok el & sneem we
& foq g eudiea <AaR @t fafy @ wwEE |

Explain Zellner’s seemingly unrelated regression model and the feasible generalized least

squares method of estimating the model. 10
T wiey @EEm @A (TL.UALTE.A.) & WEEl @ §Hersy |
Explain the functions of N.S.S.O. 10

7g W g T o farforan weror s €, o) fedl ¥ = B, + B, X, +uy F wTIAIEA
AR A e B W ARG R I RO w1 W R |

Obtain the generalized least squares estimators in the two-variable model
Y, = B, + B, X; +u; assuming the heteroscedastic variances are known and obtain their

variances. 10
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5.(d) TFd THEH F foreel AIS Tl § TIART 9= B T ISHG JET JGT § 7 HES

THT quiF T |
Why is it considered desirable to convert gross scores to some standard scores ? Define
‘standard scores’ and ‘normalised scores’ and describe how they are derived. 10

5() b wml w1 W, s fafafeq sae ag-awon # @ @G F a9 fofga € ok Fiem
F W@l W Wl @ qd wHARY

g x

Age x Iy dy Px | 9 | L« T, eg my
30 762227 ? ? ? ? 27296632 Y3 ?
31 758580 | - — - - ? ? -

Fill in blanks which are marked with a query in the above skeleton life table and explain
the meaning of the symbols at the heads of the columns. 10

6.(a) T (ARIMA) fredf &t s & fog smm-SAfew fafs o & smen St |
Explain Box-Jenkins methodology to build ARIMA models. 15

6.(b) frafafaa sest @ 2005 F IMR W 2006 & fau fefe-geas @R Sifdg
() amefe fafy grr ek (i) wia sumt & fafy grr, sk st feeft Sifor -

EARININCIS Y A B C D E F
Commodities

2005 ® IIAERN {ET 6 | 6 ] 6 4 1
Quantities consumed in 2005

2005 # T 575 5-00 6-00 8-00 2-:00 | 20-00
Prices in 2005

2006 # T 6-00 8-00 9-00 10-00 1-50 | 15-00
Prices in 2006

Prepare the cost of living index for 2006 on the basis of 2005 from the above data by
(i) aggregative method and (ii) method of weighted relatives and comment. 15

6.(c) ‘Tea dRYHl ¥ Gefid W ks SAT3T | ARG & faeslt @R & faww A st
F waE S wE Hif |

Explain price statistics relating to ‘Price Quotations’. Elucidate publications of data
concerning foreign trade of India. 20
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7.(a)

7.(b)

zrﬁ:c(x,t)angavf(x,xﬂ)ﬁm%msﬁmﬁfmaﬂﬂﬁ%ﬁtf(x, f) G T (x, x+1)
¥ 99 wieensit @ Mud U@ @ S wfeen S=El #1 AW ol €, W W | WA
q o R X (o ) F wwEE dfed €| 99 g fR

(7 OF 1
(B-a) G(t)

By (t)=|F.p, 607 (B-a)+

et () s el ST # |
éf(t)wmtmﬁﬁn%mwat%l
G () smferd amT S R R
e Tref axar @ ¢ oK £ F 9 el g6 s oo o

fear gam 21
&c,&fmsr:csﬁtf%:aﬁamﬁaaﬂﬁl

If c(x, 7) denote observed proportion of females in the age group (x, x + f) and f(x, ?)
is the observed proportion of females giving birth to female children in the age group
(x, x+1) at time ¢. Let us assume that X is uniformly distributed in (@, B). Then show

that

[Z; OF 1
B-a) G ()

Bf (t)= ;C,flt &C &f (B—a)+

where ]}(t) is the estimated total fertility.
f)’f (t) is the estimated female birthrate at time ¢.

Gf (t) is the estimated General Fertility rate.

fc, f]¢t represents product moment correlation coefficient between ¢ and f
given t.
6’c, 6'f are observed standard deviations of ¢ and f respectively. 15

AMeF &) (I ) ¥ AT F owEIA 7 E T, F oA i fafy R wem
1 v T | T ST (TdEE) e, @ afw wiem & e ower fw
27

60 TS ¥ Uw qdeEw w1 fawEEdEar e 065 ¥ | wEw & feqar wwan fear S
=ifen arfes @-wgaay (FeF FRAIA) o7 9 095 & WY ? Thew H e H
A T SR A T wRA R e TS RO FWE 99 7135 geerd wd
I TE wdEw & fawEEdHEa w=moe e
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What do you mean by Intelligence Quotient (1.Q.) ? Describe the procedure and test of
measuring [.Q. How does an aptitude test differ from an Intelligence Test ?

The reliability coefficient of a test of 60 items is 0-65. How much the test should be
lengthened to raise the self correlation to 0-95 ? What effect will the doubling and tripling
the test’s length have upon the reliability coefficients ? What is the reliability of a test
having 135 comparable items ? 15

JEU wAAT H AT () HGRAig Hiforg |

1
qufe 6 qle_‘J‘(:ﬂJﬁt lyys dx
& g, FG x WH FRA F IR TF a9 & Wk WA H Wi |

1 dsg
7g st fag fifg f6 #X=T[l+ }
£y dx

&t £y S gt wemm ¥ |

Define instantaneous force of mortality ().

1 1
ShOW that qx = E J‘O-ux+t lx+t dx

where g, is the probability of dying within one year following the attainment of
age x.

1 de’
Also prove that i, =—0|:1+ ¥ x}
A %

where 82 is the complete expectation of life. 20

@agEay ¥ § 7 e ukom w@n € 7 fawwm fafoar (Rafeifefed) & fau
Megtheg-Faie  (Goldfeld-Quandt) Wi&m 3R AR (Glesjer) WIET & FHHARY |

What is autocorrelation ? What are its consequences ? Explain the Goldfeld-Quandt test
and Glesjer test for heteroscedasticity. 20

frafafea f-wiiexn yomeht K sfimaa (sritfRwrfafad) f s Hifg .

Buiyiu+Buya vy Xy +Y 12X =y,
Bor i + By yor ¥V 21 Xy +Y 22 %o, = Uy,

fa ™yl € (@) 1n2=0 7,=0 3R (i) m=0 1n,=0

Check the identifiability of the following two-equation system :

Buyie+Bia Yy +¥ 11 Xy + Y12 % = 1y
Bai Yie + Boy Yo ¥V 21 X1, +¥ 22 Xp1 = Uy,
Given the restrictions (i) y,,=0 7,=0 and (i) ;=0 ¥,=0 15

AH (Leslie) 3meqg &1 aviA fifsrg sk wwfe wemw & fog dwlt smeoqg qadie @
Tuiq ifSg |

Describe Leslie matrix and describe Leslie Matrix Technique for the population projection.
15
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