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CON 5

7

Instructions.—(1) Attempt any five questions.

(2) Each question carries 20 marks.
(3) Answers must be written in English or in Hindi.

(4) QUESTIONS FROM EACH SECTION SHOULD BE ANSWERED ON
SEPARATE ANSWER-BOOK/SUPPLEMENTS.

(5) Answer to each question must begin on a fresh page and the question number
must be written on the top.

(6) On the answer-book, Name, Roll Number etc. are to be written in the space
provided for them. Name or Roll Number should not be written on the
supplement.

(7) Candidates should use their own pen, pencil, eraser and pencil-sharpener and
footrule.

(8) No reference books, Text books, Mathematical tables, Engineering tables,
Calculators or other instruments will be supplied or allowed to be used or
even allowed to be kept with the candidates. Violation of this rule may lead
to penalties.

(9) ALL ROUGH WORK MUST BE DONE IN THE LAST THREE OR FOUR
PAGES OF THE ANSWER BOOKLET; ADDITIONAL BOOKLETS WILL
BE PROVIDED ON DEMAND, WHICH SHOULD BE ATTACHED TO THE
ANSWER BOOKLET BEFORE RETURNING.

Section A
1. (a) Prove the following :—
+

A"AN'u, =AN"u_
(b) Prove the following :(—

1 1.3 1.3.5

AX" == X"+ = A" - AKX+ M terms
2 24 24.6

—(4 )" = (x=)"

2. (a) The following value of the function f(x) for values of x are given :—
SM=4, f@)=5 f(=5 f@)=4

Find the value of f (6) and also the value of x for which f{x) is maximum or minimum

(b) Using Simpson’s one-third rule, estimate approximately the area of the cross-section of
a river 80 feet wide, the depth d (in feet) at a distance x from one bank being given by
the following table :—

X .

d:

0 10 20 30 40 50 60 70 80
0 4 7 9 12 15 14 8 3.

3. (a) Let AX =0, where . —

A Ay ceveeeeeeneeeeeennne. a,,
A=| Gy Oyy eeveeeneeeenennnns a,,
A Ay e Ay )

[Turn over
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CON 5 8

X= (X, , Xy oo xn)

be a system of m homogeneous linear equations in » unknowns and assume that n > m.
Then prove that there exists a non-trivial solution.
(b) Solve the following equations by Gauss reduction method :(—
X tx,t2x,-x,=4
3x -x ,t4x =2
X +2x ,+3x ,+5x =0
X tx,-5x,+ 6x,=0

Section B

4. (a) How do you incorporate qualitative variables in regression model using dummy variables ?
If monthly data over number of years is available how many dummy variables will you
introduce to show that (i) all 12 months exhibit seasonal patterns (ii) only March, June,
September and December exhibit seasonal patterns.

(b) The following data gives starting salaries of 10 college teachers by sex of the teacher.
Express the data using appropriate regression model. From the model find mean salary
of (i) female college teacher (ii)) Male college teacher.

Starting Salary 22 19 18 22 18 21 21 17 18 21

(in 1000 Rs.)
Sex M F F M F M M F F M

(¢) What do you understand by heteroscedasticity in the context of linear models ? In such
a case describe generalised least square (GLS) method of estimating parameters.
State the properties of GLS estimators.

5. (a) Describe briefly the difficulties involved in the construction of cost of living index num-
bers.

(b) How is Fisher’s formula for cost of living index number derived ? Show that it satisfies
g
(7) factor reversal and (ii) time reversal tests.

6. (a) Describe a production function when there are two inputs X, X, and one output q. When
do you call a production function homogeneous ?

(b) TIs the Cobb-Douglas production function given by q= A X * X "homogeneous. If X, and
X, are increased by factor m explain its effect on q. What conclusion are possible from

the values of o +[3?
If = 1.01 X% X9 find q when (X, X)) = (121, 138).
Section C

7. (a) Describe Lahiri’s method of dawing PPSWR n-draws sample. Show that under this method
probability of selection of unit i is propotional to size.

(b) Fom the following data corresponding to N=10 villages draw PPSWR 2-draws sample :—
Village No. i 1 2 3 4 5 6 7 8 9 10

Size Xi 15 21 109 51 42 7 11 40 52 32

Use the following pairs of random numbers (7, R) where 1 <i < 10and 1 <R < 109
(7, 25); (2, 73); (5, 31); (7, 73); (11, 17); (8, 40).
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CON 5—3 9

8. (a) What do you understand by proportional allocation, optimum allocation and Neyman

allocation in stratified sampling. Show that V (y )prop >V (yy)

(b) A rural block in a district was divided into three strata. The following table gives the
number of villages (N},) and standard deviation (S, ) of area under wheat crop for
different strata —

Stratum No. No. of Villages Standard Deviation
h Ny Sy
1 15 100
2 10 50
3 25 120

A sample of 20 villages is to be drawn. How many villages should be selected from each
strata under :(—
(i) proportional allocation.
(if) Neyman allocation ?

9. (a) Define SRSWR (simple random sample with replacement). Give two unbiased estimators
of the population mean. Justify which is the better estimator.

(b) In simple reandom sampling with N=3 n=2 let ?ij denote the estimator based on the

sample that has units (i, j). So defined as follows : —

1

A 1
Y ZZ_YI+2_YZ
2~ 1

Y3 ZZ_YI+_YX
2~ 1

Y » ZZ_YZ+3_YX

A

Show that J7ij is unbiased for population mean and V(yij)< V(y). if

Y33y, =3y, —»¥3) > 0 where ¥ denotes sample mean.

Section D

10. (a) Consider the random variable defined by X = Zn:Yi with each Yi mutually independent
i=1
with probability —
P[Y,=1]=p=1-P[Y,=-1], 0<p<1,
Write down state space, transition graph. State with reason whether the process is
aperiodic, or irreducible and admits a stationary distribution. Derive the expression for m

step transition probabilities.

[Turn over
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CON 5 10
(b) A No claim discount system has three levels of discount : zero percent, ten percent, twenty
percent. The rules for moving between the discount levels are —

(l After a claim free car, move u|)t0 the next higher level or remain at twen
Yy g
percent discount level.

(if) After a year with one or more claims move down to next lower level or remain
at zero percent discount level.

The long run probability that a policyholder is in the maximum discount level is 0.6 .
Calculate the probability that the policyholder has a claim free year assuming that this
probability is constant.

11. (a) A Markov jump process X, with state space S = {0, 1, ................ N } has the
following transition rates :—

G..=-X for 0 <i < N-1

i,i
Gy =1 for 0 <i<N-I
= 0 otherwise.

(/) Write down the generator matrix and Kolmogorov forward equation associated with
the process (in component form).

(i) Show that—
e (kt)j_i
(j—1)!

is the solution of forward equation.

pij(t) =

(7if) Obtain the distribution of holding times associated with the jump process.

(b) A Customers arrive at a Bank according to a Poisson process with rate A per hour
Assume time is expressed in hours.—

(/) Show that, given that there is exactly one customer in the time interval (t, t+s) the
time of customer arrival is uniformly distributed on (t, t+s).

(i) Derive the joint density of interarrival times t, t, ........ t between successive
customer.

(iif) Show that there is n customers in the interval (0, t) the number of custmers in
the interval (0, s), is binominal with parameters n and s/t.

12. (a) Y, t=12, ... is time series defined by Y, - 0.8 Y _=e +0.2¢ wheree,t=0,1,2, .......
is a sequence of independent zero mean variables with common variance ¢ 2. Derive the
autocorrelation ¢ , k=0, 1, 2.

(b) From a sample of 50 observations from a stationary process the table below gives values
for the sample autocorrelation function (SACF) and sample partial autocorrelation
function (SPACF) :—

Lag 1 2 3
SACF 0.90 0.85 0.70
SPACF 0.90 0.40 0.10

Sample variance of observations is 1.2.

(/) Based on this information suggest an appropriate model giving your reasoning.

(if) For the AR (1) model Y, =0 'Y + e where ¢ is white noise with mean zero and
variance ¢ *. Calculate the method of moments estimates for parameters o, and
o’

(iii) Consider the AR (2) model Y =0 Y + 0O Y -+e calculate method of moment
estimates for the parametrs ¢ , ¢, on the basis of observed sample.
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SECTION E
13. (a) Let X, X, ......... X be independent random variables with Beta distribution having p.d.f.
f(x) =6x (1-x), 0 <x <1
=0 otherwise.

(i) Find the p.d.f. of (X ) the n order statistic.
(i) Find E (X)) when n=2

(b) Suppose the length of time x it takes a worker to complete a certain task has the probability
density function.

S(x)=exp {-(x-0)} x>0
=0 otherwise

where 0 is a positive constant that represent the minimum time until the task completion.

Let x,, X, oo , X, denote a random sample of completion times from this distri-
bution
(f) Find the p. d. f of (X ) = Min (X, ............ X))

(@ii) Find E (X ) when n=2.

(1

14. (a) Obtain the minimum expected cost of misclassification (ECM) rule based on two
multivariate normal population with common dispersion matrix.

(b) Suppose that n = 11 and n, = 12 observations are made on two random vectors X, X,
where X, and X, are assumed to have a bivariate normal distribution with common

variance matrix X but possibly different mean vctors f#  and 4 . The sample mean
vectors and pooled covariance matrix are

X =(-L-D) X=@2D

7.3 - 1.1
Spooled =
- 1.1 4.8

(i) Test for the difference in population mean vectors using Hotellings two sample T’
statistic [ take «=0.01F (2,20) = 2.589 ]
(if) Construct the minimum ECM classification rule

(iii) To which population you will assign observation xj = (0,1) assume equal cost and equal
prior probabilities.

15. (a) Define Sperman’s rank correlation coefficient rs Show that r =1- % where
n(n —

di denotes difference of ranks of Xi, and Yi, observation. Describe the test based on rs
for testing the null hypothesis of independence.

(b) A political scientist wished to examine the relationship of the voter image of a conservative
political candidate and distance in miles between the residence of the voter and residence
of the candidate. Each of the 12 votes rated the candidates on a scale of 1 to 20.
The resulting data are as follows :—

Voter 1 2 3 4 5 6 7 8 9 10 11 12
Rating 12 7 5 19 17 13 9 18 3 8 15 4
distance | 75 | 165 | 300 | 15 | 180 | 240 | 120 | 60 | 230 | 200 | 130 | 140

(7) Calculate the Spearman rank correlation coefficient rs
(if) Do the data provide sufficient evidence to indicate a negative correlation between rating
and distance (Critical value of rs (a ) for n=12)

r, (0.05)=0.497 1, (0.05)= 0.591).
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gaes

FORENOON

e pe
TEST CODE: D

YeUS 2—(quiFTHS Fa0)
PAPER II—(DESCRIPTIVE TYPE ON STATISTICS)

[ : gafgT 9-30 & soRrga 12-30 a1 )
(qurte 100)

[Time : 09-30 a.M. to 12-30 p.M.]
(Maximum Marks 100)

1

2) URAF g & 20 3D T |

3) SR fE=dt ororar oFISH # & ford |

4) TAF TS & T & SW AT SIRYRIBIBN/AIRSI (A@iiics) ey I a1y |

5) URF TR BT R T TO A YH P AR GO HWR YT AT a9 ford |

6) SRYRDT W 1, AJHAS 3Mfe S5 oy FEiRe =\ W forRd S¢ | srggR!
(TTHEH) TR AW AT IHAID el forRd S ARy |

(7) SENEART B 30 & U9, URe, SVoR, URIT-3TR 3R pewd SRIfd 3 a1y |

(8) SHilEart @I @i W WeW GRABY, UGIYwIh, T <del, SoNRART <ad,
FAREIC 37AT I IJUPRVT e & S &R 7 & IT STh TR & FFART
& S, BT dd P 7 S8 MUY U X |l T8l A | 59 RE BT Sooigd
A W T$ &g S Al © |

(9) T Pedl BRI (RB Idb) STRYRRIDT &b SifeM 9 312rar IR gai H fpar g ; A

wR faRed gRaed & smied, R diem & qd StRyfRIa & | e faar

—(1)
(2)
3)
(4)
(5)
(6)

ST @Ry |

geags 2

TS b

1. (@) F=faRad o Rig Hivw —
AmAnux _Am+1’1ux
(@) fr=forRad &1 Rig P
P N Bl B
24 2.4.6

] ]
=(X+E) —(X—E)
[TeTed SRIT

Latest Sarkari Jobs, Govt Exam Results, m
Vacancies and updates on one click



CON 5 2

2. @) x @ e b R PRl f(x) @ e el T i
f M=, f2)=5, f(=5, f@®)=4
S(6) @1 gou AT IR R T8 N AT BTG B x B BRI <A & g f(x) srfirepas
1 A © ?

(@) - o (river bed) @t &1 80 Wie &, IFD! TERTg TP [FIR F x B UK d e § i

fereforRaa Aol & & R 8—
x: O 10 20 30 40 50 60 70 80
d: 0 4 7 9 12 15 14 8 3

Rroa ve Brarer () f79 &1 7@ w7 Td-aa & s (Cross Section) @1 3f&TS &5he
BT A BN |

7 S B a
11 12 1n
A= A, G i a,
a 7 A a
ml m2 mn /) mxn
1
X=X, X, oo, X ) T& M RS NG GHIBRO B 0 ISl 7 yomed! ¥ 1 3R

HE ST @I N> m 9 Rig I Sl I87 W R wamE (Non-trivial solution) #Hige
gl

(@) fr=falRad afieron &1 FHEE T Rede  ugdl 9 & —
X, +x2+2x3 -x,=4
3x2—x3+4x4= 2
x1+2x2—3x3 +5x,=0

x1+x2—5x3 +6x,=0

[CERC]

4. (P) FHIEFY RIS § SH I BT TN IR AU PMAS 9 $I (B9 a8 R a3 ? R
A 3ffeT Pg ATl & oY Iy & 1 fba 1 g g FRIfT 1 I8 g 3 &
forg : (i) @ 12 wfesy gwifa & At =19 () R @, o, Weer ofiR R quria & Al
T (Seasonal Patterns).

(@) frafaRaa sfiwer 10 Feifdenedie Rigd @ g% &1 909 ol & IgaR | Ivg FHISR
ey (Regression Model) &1 STANT &R 3MTdbST SR | Alsedl A (1) oV Aaldenad e
(i) = wETfdene™ Red &1 757 a9 (mean salary) drd ST |

YHe P I (22 19 18 22 18 21 21 17 18 21
(1000 Rs. #)
fer M F F M F M M F F M
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CON 5 3

(M Y gfeey & ey A heteroscedasticity & aR ¥ 31T T S1F Y& & 7 39 d¥g & case
# Generalised Least Square (GLS) gRT Urad &1 b Ugal &l auiF Hifvie | GLS
uyrael @ al¥rsdr (Properties) foRgu |

5. (@) fafe =@ gaais (Cost of Living Index) s9M & Heeiq wfoarsadl &1 dfad & aoiF & |

(@) P IRE BRR YA Fale g Gabie Argd HRO & g Fbren S g1 g SR o fher
g3 (i) Factor Reversal 3R (i) Time reversal arem e xal @ |

6. (®) &1 T x,, x, 3R TP FPR g arel Sedreq Berd (Production function) @1 qui I |
ST B dl AN (homogeneous) &d B8l STRIT |

(@) Pig-S7erq IUET Held g = A X?.xgwﬁw%w?smxlsﬁ?xzaﬁmmm
m A q IR ¢ W EHATN WHAH 999 B o+ F goa ¥ w1 fued ¥wa 21 oFR
g=1.01 X} X955 dr g #iga sife 5@ (X, X,) = (121, 138).

T T
7. (@) @ERY B PPSWR n (&1 &1 7971 FebTer @1 ugd @1 auia sIfoy | e &1 59 ugd &
IR IAIC | & TIT Bl HWEA SHSD FHR & AR ¢ |

(@) FrafeRad smeet dedeid & — N=10 i@ ety PPSWR 2 — f&™ (draws) F1—

Titg d= T i 1 2 3 4 5 6 7 8 9 10

PR X 15 21 109 51 42 7 11 40 52 32

ffoRaa waRfed d@n (random number) (i, R) SIS & STANT BT w18l 1 <i < 10 iR
1 <R <109 (7,25); (2, 73); (5, 31); (7, 73); (11, 17); (8, 40).

8. (@) oM WRIpa TN I Ugfa H FAMURISG 3Mee (Proportional allocation), S 3fdcH
(optimum allocation) 3fR =¥¥ 2M&cd (Neyman allocation) ¥ &I GHS |

ffar &1 V(¥4 )prop > V(¥g)

() Wﬁi@‘aﬂﬁwswﬁwwélﬁmﬁ@mw#ﬂ@aﬁmmmmw
(SD) S, 1§ &I Wl SR WM foram T g —

h N, (Standard Deviation) S,
1 15 100
2 10 50
3 25 120

R0 Al BT TAT I HAT €| B W ¥ b @ BT gIT HIAT BN |
(i) FHTIRIP e

(if) ~TIIT 3T & AFAR |

[Uelear <Ray
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CON 5 4

9. () ARV HHREI T JT:RAUT &b AT (SRSWR) &t &z fafmg |
[ 3R AT HRdlel &l ST 3MHerd (unbiaed estimators) ATGA BTG | 39 IH1 A
BT IMBAD AT & FFBI I DI |

(@) N=3 3R n=2 drel WERY IG¥ad T 939 (SRS) # A %ivjwﬁé(i,j)maﬁ
T BT AThAD Sif (TIRIT AT & AT—

A 1 +1
— =S INht )
Y12 2 2

A 1y+2y
— =TSNt V3
Vs 2 3
A 1y+1y
— =S V273 V3
Voo 2 3

R B §’i,j I8 Afse 3 (Population mean) & oy oMfa sMddid 2 8iR V(§i,jj<v(§’)

IR Y3 3y, =3y, —y3)>0<w@ y © 797 sia (Sample mean).

TS g

10. (@) IgfREd =R o R AR & e ara

anZnYi
1=1
STET BR Y, MO W wiA § rEfeiRac \re & wrer—
P[Y,=1]=p=1-P[Y,=-1], 0<p<1,

IR T Wy (State space), HHHT 3fer™ (Transition graph) | &R & A1 fARIT =T
T fadereiia (Periodic) 8 a1 3mqRad=ia (irreducible) iR fRR Ffaaror &1 gy o

g1m U GhAT FUIGAT BT FHIARo FHaRla e - —

(@) v a1 Forq  (claims) e (discount) @t yomelt & Y R ge 8— I UfRid, &9

el

oftrera, fo ufrerd | ge & ®R A 79 & R 39 UeR B
(7)) o For=q aTel AT & 918 SW $ 37Tl &R A I A1 99 ufRa ge R 4 33 |

(f1) TE A1 31 FORES A $ 9% T B RE aTe TR A SR AT Y YR g R
q B

S T T BT AT GRS 3fehad ge wR 7 Iz, 0.6 g | IS gR® & fog &
FOH & AT B GHIEGT ATGH DI T AFGR B T8 AWIEAT RR

1. (®) U #hid SBTel (Jump) g6d X, e e W9 (State Space) S = {0, 1, .o N}
g f=faRad deaa ex (transition rates)

Oiji=-) 3rrR 0 <i <N-1
Oii+l=)% 3R 0 <i<N-1
= 0 =g
(i) W ¥ F&fT Kolmogrov & R wiar (forward equation) 3R sRex @t (Genrator
matrix) foReT (ged & Bu #) |
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CON 5—2 5

(ii) g dINY BI,—

e M (at) Tt
(j— i)

pi(t) =

qE QR FHIBROT BT FATET ¢ |

(iti) SBTa ufpar ¥ |dEia gror 99 (holding time) &1 |fIaRoT A1 HIRTT |

(@) Ued I A WET Poisson Process &) dgd & figer ex A Ufe gl 81 7M1 &) 98y gl
H guar €
(i) Tog P : I8 AIgH © B 99 IIRTA ¢, ¢ + s) 9 R4h TP W8F 81 A1 TED F
gy Uniformly distributed & (t, t + s) W]

(i) A UED & g R T WA b, b, t @ JAgad wETar (Joint density)
T BT |

(iii) <A O AR O,t) AN WEH gl WA 0,8), S <t H UEH! & Fw&=dT binomial g
n 3R s/t U & AT |

2. @ Y, t=1,2 ... TE B YA (time series) & et e Y, -08Y =et02e Sl
— 2 . . ..
e, t=0,12..... YT AEPH © Y IAFT dTel AT YERT ¢~ & ¥God IR BT | W@ Ay
(auto correlation) ] =0,1,2 &I WRaEld HIFTT—

(@) TP 50 °cH drel T ¥ UHh FRR Upin o FrAfaiRead Grol 7 791 w@a: 99 (SACF) 3R
T e W@ daE (SPACF) a1 2l

Lag 1 2 3
SACF 0.90 0.85 0.70
SPACF 0.90 0.40 0.10

gCPhl P THAT UIROT (Sample Variance) 1.2 21
(i) =9 ek & MUR W HRO gad §Y AT Model y=ardia HIg |
() AR (1)sea Y, =0 Y _+e @ e while noise & ¥ @@ 3R o2& woRwm
& W1 F AR & forg aneper uRaet e, o iR o grad & forw W R
(i) AR (2)7sa Y, =0, Y+ oY te ® far @il siwe aRae fel, o

0 3R o2urdel & fof, AIgH ST IRIT 97 & 3R wR|

TS S

13. (@) a9 & X, X, oo X, I8 WA ArEfe R AR © | Beta wfddror & wrer fqet p.d.f.
fx)=6x (1-x), 0 <x <1
=0 JRIRT
(i) X(n),n’hw AR o7 p.d.f. A BT

(i) E[X] T T g ST a8 n =2
[Uelear <Ray
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CON 5 6
(@) 91 F UH ofeR DI Yh B R A $ ¢ o aren q9g X &1 p.d.f—
f(x) =exp {- (x-e)} x >0

=0 =gAT

et 0 =9 fRR (positive constant) & S gl § aH W T RT HA & oIy |

HA X, X, e, , X, S 2| Arsfes® T (random Sample) & & RT R dTel
I HT 59 AR I |
(i) |rgH BINT p.d.f. of X, = min (X, s X).

(i) AIGH BT E (X)) S n=2.

14. (%) Misclassification & =[Iq9 0férd gea (ECM) s #igw o) ot fR a=ar & w9
dispersion ARfl drel &1 multivariate T GRS R |

(@) @ B p=11 &R n,=12 Y& 8 | Isfoe dae) (ramdom vector) x,, x, TR, &7 x,
3R x, A S & Bl el YARel WROl X AR Awqar ¥ mean vector i

3R K> arel Bivariate |fdaR0T 9 2 | mean vector &1 T 3/a%f 3R pooled FEHARTT ARU—

o= (-L-1) X, =(2.D

s - 7.3 —1.1
pooled | 1.1 4.8
(i) Hotellings &7 <1 7 T’ Statistic gg<ht &1 IUAmT Hx F@Ifafe ofia vectors & wra &

frer @y (RifTg = 0.0LF | (2,20) = 2.589)
(if) =gFTH ECM ey frad TR S |

(iii) V& xg = (0,1) B B FEf (Population) I SITSRT | A &1 GHI o 3R 9 Prior
AT |

15. (@) Spearman & %9 Wed=d [AH &I IRAT ffog—

w1 :1_zdi2[n(n_1)] & di Tufen & X, R Y, % @9 (Rank) @1

BRep | 1, W R B drelt Jacarem null greberaeT uReror BRedTel! aravi B qa BI |
(W) TP oD JSHG $TBT & & A8 ST &l | Baldre] ISTdid SHIGaR &1 Adardl Bel
3R ATl BT TR g SHICIR & TR $ IR R e § & 9| 8% 93 ddcrdr ¥ SHSaR dl

1 = 20 vaor R %9 < (Rating) FefaRad ameer o gl

QT 1 2 3 4 5 6 7 8 9 10 11 12

wAERT | 12 | 7 5 19 17 13 9 18 3 8 15 4
IR 75 |165 | 300 | 15 | 180 | 240 | 120 | 60 | 230 | 200 | 130 | 140

(/) Spearman &1 r_ %¥ Wewdy (rank correlation) e HIgH BT
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