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STATISTICS 
Paper I 

Time Allowed : Three Hours 

  

 

Maximum Marks : 300 

  

INSTRUCTIONS 
Each question is printed both in Hindi and in English. 
Answers must he written in the medium specified in the 
Admission Certificate issued to you, which must be 
stated clearly on the cover of the answer-book in the 
space provided for the purpose. No marks will be given 
for the answers written in a medium other than that 
specified in the Admission Certificate. 
Candidates should attempt Question Nos. 1 and S which 
are compulsory and any three of the remaining ques-
tions selecting at least one question from each Section. 
The number of marks carried by each question is 
indicated at the end of the question. 
Assume suitable data if considered necessary and 
indicate the same clearly. 
Notations and symbols used are as usual. 
Important : Whenever a Question is being attempted, 
all its parts/sub-parts must be attempted contiguously. 
This means that before moving on to the next 
Question to be attempted, candidates must finish 
attempting all parts/sub-parts of the previous 
Question attempted. This is to be strictly followed. 
Pages left blank in the answer-book are to be clearly 
struck out in ink. Any answers that follow pages left 
blank may not be given credit. 
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Section 'A' 

1. (a) A tyre manufacturing company has three 
production units A, B and C which produce 
respectively 50%, 30% and 20% of the entire 
production. Unit A is known to produce 
5% defectives, unit B produces 3% defectives 
and unit C produces 1% defectives. What 
percentage of items in the entire produce is 
defective ? If an item is found to be defective, 
what is the probability that it was produced at 
unit C ? 	 12 

(b) A bivariate random vector (X, r is specified 
by 

P(X > x, 
y >1") ,,e-(x+y+Oxy) ; 	 y  

0 E 0 S- 1.  

Obtain (i) the p.d.f. (ii) the marginal p.d.f's 
and (iii) the conditional p.d.f's. When will 
X and Y be independent ? 	 12 

(c) Examine whether the central limit theorem 

holds for the sequence {X„, n 3 1} of random 

variables with 

P(X„ =n). P(X„ = -n)=1, 

2rr 

P(Xn  = 0)=1 — 13 ,h 1. 12 
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1. (W) 	rie.“ qm4 	TT-4-)- -4 A, B r C ).9" 

c4-1 	st)40T: 50%, 

30C'e :1117, 20%  	tI S`filK A 5% tiq 

	

,r1 TO- ,t 	 Nil 411d) t, Zcill{B 3%ticla  
aralc 	=nuirt311k 	 C 1% TralEr4(.4igi crtnl  
t i 	,-; c-1Nri 4 mT)-Isr 	wrr gf-dsr 	 

t trft4a, e.14*TrT1-44I9I MITI t, 	Wr{ C 
,ctut,•i 	r911,'44,71! lzrr 	? 	 12 

(r) t fez t111  ri9ch FR-14 (X, Y) 

P(X > x. /1> y)= e-Ltiv+()3') ; x, y> 0, 

0 eE 
	e far 11qt 

YIH 407 (i) vrirarEr-49-  them (ii) d41d Utica 

Ch71,14 AT (hi) Truifd-4u-  triter 	A-  I x 3ft! 
Y 	114 ail ? 	 12 

	

(TO ,4i4er-47fT 	krrf 

	

t-ii 	: 471 HI 944 til-R9-  clAd t 

91 3T 	31-Ta pc„, n 11 

P(X,, = n) -= P(X„ —n)= 
2n - 

P(X„ =0)=1— 	n 	R7 I 	12 
11 
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(d) Assume that X follow the Binomial, B(n, 0), 
and that the prior distribution of () is the 
Uniform, U(0, 1). Find the Bayes' estimator 
for ci using the squared error loss function. 

12 
(e) Xi, LI. 	 X,, is a random sample from the 

normal distribution with 0 mean and variance 

a2. Examine the validity of the following 
statements : 

v 
Lex2
"  v 

(i) 	, is consistent for cr2 . 

"  (ii) 	
n 

T = -Exi2  is unbiased for a2 . 

(iii) T is sufficient for a2 . 

(iv) T is the UMVUE for a2 . 

	

	3x4=12 

2. (a) Define exponential family of distributions. 
Identify two distributions each which 
(i) belongs to the family and (ii) does not 
belong to the family. Substantiate your answer. 

20 
(b) For a continuous non-negative random 

variable X with E (X) < co, show that for 1> 0. 

	

t ix > t) = I 
	

F(x)dx, 

where T(x). P(X > x). Evaluate the condi-

tional expectation for the exponential model 
specified by 

-F1(x) = 	; x > 0. 	 20 
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(to chsair AFA7 fi x fttf-4.  469., to. e) ft wiR 
tti 	t, 3r1T 	w-1-4 479.  crit1401, U(0, 1) 

t f4To P ziPt th-F9•*-T Nscid4)41 chA k 
47 3rr T i 	 12 

(3) X1, x2, 	 xn  kIRT 'Fur 3112 gurir a2  ark 
	teff 4 crw 	9-fa-T4 t-  I fPr 

'e- A-trdr47t-44177: 

(i) 0.2 -*R7 	t 

(ii) 0-2  3/4 	T =
n 	

31e49-5 t I 

(iii) 0-2  * 	T 'TOW t I 

(iv) a2 	fF7 T Q,c4it141110: 	97e7 
31-61W a" 3M FT t I 	 3x4=12 

2. (c) aiem 	 *c atNiiicD t3c441 	rifle- 	417-7 I 
,*w*- f Gic,414 4F7R71-  1-fr 
	 (ii) wtica*tiqt-e4 Wit 13714 

.1cR4)-1*41F--47 I 	 20 

E(x) < 	crT Bari 3E1W-ff WC X * 

4'41fiat>0 *••7 

E(X— t I X > t) = 1
P(t)

feeT(x)thc, 

Z31 t .7"(x)= P(X >x). 

T(x)= exia  > o F1 Niqffsaz siffift fff 
i97 49-Fa7u 9Trprr R4f47 I 	20 
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(c) Show that for a sequence of random variables 

{X„}. convergence in probability implies 

convergence in distribution. Is the converse 
true ? Substantiate your answer. 	 20 

3. (a) Based on a random sample of size n from the 
discrete Uniform distribution 

1 
p(x)=

' N
— x=1, 2, 3 	 

= 0 , otherwise, 

obtain the UMVUE of N. Is this estimator 
consistent ? 	 20 

(b) When will the Neyman-Pearson test and 
likelihood ratio test be the same ? Obtain the 
likelihood ratio test for testing Ho  : p = po  

against Hi p m  po  based on a random sample 

from the binomial, b(1, p). 	 20 

(c) A random sample of size n is taken from the 
Poisson (A) distribution. Let N be the number 
of observations which are equal to 0. Obtain an 

unbiased estimator for /11  and improve the 
estimator using Rao-Blackwell theorem. 20 
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(TT) esTfff irrl%TaT1'  {x„} 	at-1-174k 

	 stinfinr 4 cidri sifiieku 	<iffirqu 

Tlwr t I ITT   	t?  ? 314 dc1t. 	WZ 

4t* I 	 20 

3. (W) 311taWchtt+-111GIO-I 	 

p(x)= —
1 

x =1. 2, 3 	 

=0 , 

stiffrir n 	Err& 	q 31Tur1k9-  

NW" UMVUE 9TH 4Tr77 I TTT 311W6-4": Hid 

t 7 	 20 

(tr) 	1-frar49-  tr(-1-4Tor sit< 414F-19T aritnTi trawl- 

TPTT9. 	? faLN b(1, p) 	git ts_94. 

7Ficd q 3TMTfra-  Ho  : p = pc  WI.T.Phitri 

HI :p# P0  k 	cht 	44C-49T 3T1Miff 

Trevor TrE 407 I 	 20 

(TO tarT4 teq.  (A)  4 3TrTmT n 	 91-dTof 

PHI 171T t I TM.  carilq f i N 39.  irchTiiii RE 

utt 1-at e;Itle4tt I t; A air 	8,14ST9-a- 

34TRT 9TH *D7 aT/T Trd-c.bact  ~H4 3T 

	

Tretsr 4,4 54 aTTWW -  d t 1-.E10-7 I 	20 
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4. (a) Comment on the validity of the statement 
"the S.P.R.T. terminates with probability one". 
For the geometric distribution with parameterp, 
derive the S.P.R.T. for testing Ho  : p = po  
against Hi  : p = pi. Also obtain the O.C. 
function. 	 20 

(b) Compare the Chi-square test and Kolmogrov-
Smimov test as tests for goodness of fit. Show 
that the Kolmogrov-Smirnov one sample test 
is distribution free. Also state the large sample 
distribution of the Kolmogrov-Smirnov test 
statistic. 	 20 

(c) Describe the relationship between confidence 
interval estimation and testing of hypothesis. 
Let X1, X2, 	 Xn  be a random sample from 

N(p, a2), p 	known. 	Obtain 	a confidence 

interval for a2 . 	 20 

Section 'B' 

1 	p 0 

5. (a) X follow N3(0, Z) where Z = P 	1  P . 

Find p such that (X1  + X2  + X3) 

0 p 

and 

1 

(X1  — X2  — X3) are independent. 12 
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4. (W) 1.3rfeRT 5117:c U aritt9 tralffel Nitric!! 
crW *   1r11 t" T.4.1 
frttilnier-4719r4ffpW4T7hWin**1%7 
Ho :p=po nitWIT HI  :p=p1 *RTZW(4 

atTeRT 	gown 9,117 gar 040.71 
*rf-47 TivrK-  athtaur KER9-  r4fr' 9TP1 tr"$7 I 

20 
wrf 	tiftuT   	WellTot 
41-  3mt--49--tbdi i 	tretewn: 3/47 Fcr trmi 
ittr-47 wriw fi eblt.14-ilii)41-it:liii 
7fa-44 trftur 4-e9--fT t I cr)coiiiliti- 
gliviii tlerl" 9fa-4** 	gf-d-Pf 4z-4 
	tic-4g 	 20 

ffictitqcn 3i7CR 311M79' 3l tficiztvgil- 
trauur tha 4-EET 	auffferi--47 I grffr 

Xp  X2, 	Xn  N(s, a2), p WM 4 STW 

zrrin WRT41  t I a2  fFq crw fT4ilt3/4fl- 
ata.  Q1A 4tr77 I 	 20 

ta 

5.  

I 

p 
0 

p 01 

I 	P 
p 	1 

(W) X N3(0. E)*PliTh•Girdo t7TI z = 

p WM' 411-47 r 	fT (xi  +x2 + x3) ailr 
(Xl - X2 - X3) elcil 0 I 	 12 
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(b) Y1. Y2. Y3  and Y4  are independent stochastic 

variables with common variance a2  and 

E(Y). E(Y2 )=,u+a i  and 

E(Y3 )—E(Y4 ) ,--- p+a2 

(i) Examine whether a1  is estimable. 

(ii) Find the best unbiased estimator of 

(a1 — a2).  

(iii) Obtain the variance of the best unbiased 

estimator of (a 1  — a 2 ) . 	 12 

(c) If r12' r13 and r23 
are the simple correlation 

coefficients between X1  and ,12; X1  and X3; 

X2  and X3  respectively then show that 

r —r 12 	13 r,3 

12.3 4r,_,.2\(,-/2 13/ \ 	231 

Also examine the validity of the statement 
"the range of the partial regression coefficient 
is —00 to +ca." 	 12 

(d) Distinguish between simple random sampling 
with and without replacement. Write down the 
expression for the number of samples and 
the probability that a specified individual 
is included in the sample under both the 
sampling schemes SRSWR and SRSWOR. 

12 
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(q) Y1, 12. Y3  a& Y4  til4 d41C11 Well" (32  dT4 

tack 9"thlTataKt 311K 

E(Y1 )=E(Y2)=,u+al azIT 

E(Y3)=E(Y4)=µ+ a, 

(i) Mir ftr-A-7 k wit a l 	t 

(a1  -a2 ) 	376197 	wra.  

ftr-47 

(iii) (al -a2) k sgaT( arell'ffff 31W 4T 

g-Ercur gm 411--4I 	 12 

(4) ta r12, ri3  311"( r23  91)4fiT: XT  311T X2; Xi  AT X3; 

X2  alt( X3  k .11 tkci wit lulich ff?Torf- 

r - r r 
12 	13 23  r 	-

2 3 	
I11 - r 13)(1 - r 23) 

Tuff "36TT TrInzrar ijuitTd T trfuR 

+.0 ffTt" 	9-5r4iniftAi-ci ftF771 	12 

(4) edWPTTfItd• (SRSWR) (1411 3Fa*Fra.  

(SRSWOR) titd zi(1   ar't 

€11-47 q),-1)' 	Z1)79Taff SRSWR 

SRSWOR 	ged-4-134 	TkEzrr 31-1T cbel 

14.41-4e. wr-ff 	gf-d-<sf 4 tiPiRid 04 er 

wrf dTf 	fec47 I 	12 
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(e) Derive the normal equations for estimating 
the parameters of a linear regression model 
by the method of least squares. 	 12 

6. 	(a) 	Suppose 

1= 

distribution 

that X follow the p variate 

with co-variance matrix 

a2 	pa2 	pa- 	... pa- 

pa2 	CY 2 	pa-
n  
	... 	pa2 

pat 	pa2 	a2 	... 	pa2 

• • • 	• .• 	• •• 

pa t 	pa2 	pa2 	... 	cr- 

normal 

Obtain the expression for the mu tiple correla- 
tion coefficient R1.23 p. 	 20 

(b) Write down the model used for one way 
analysis of variance. The lifetimes (in hours) 
of samples taken from three different brands of 
batteries gave the following : 

ni  =5, n2  = 4, n3  = 6, 	= 40, -57 = 55, 

54 
= 60, E (xi  - i)2  = 400, E(y, — y)

2 
 = 350 

1=1 	 1=1 

6 , 	2 
and E (zi  - 	= 850. 

Test the hypothesis that there is no difference 
in lifetimes for the three brands. Also write 

down the ANOVA (F2, 12, .05 =3.89). 	20 
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(r) 4r4 Tri-Rfig 4 rr,4 tf 	tairaT fr1/41:41 k 

979-ella r 31T-Si chtk 

&i7I7  fft17, I 	 12 

6. () zli9T 	K 	4“(151^4  	4fR Er2-d 

	31rt..7 

= 

a2 

pat 

Paz 

pa-  

pa` 	p ci.2 

pa' 

pa-  

pa- 	... 
,  

pa-  

tja2' 

pa- 

Pa- 

cr - 	j  

Aptthl ttulich R1.23...p  47 fq7 ott,strti gni tiorti 1 

20 

(7) q-*-ar Tfrrur FO- NuT thq IcreiT If  my, wi4 

	f; 	fal fRE/4 t 4foi 41-  411 Fiiv R-€14 

thq Trcr 	cmti (Nua 4) *914-4-e 4 mu g 

: 

n1 = 5, /12  = 4, th = 6, 	= 40, jy = 55, 

2 
= 60, E (xi — 	= 400. 	= 350 

i=i 
2 

3T1K /(zi 	= 850 
i=1 

tcbc•411 ft 	ft-F44 	*44 chltl.  If chi{ 

	 t 	tithitri .F7T-:,T I ANOVA 14 

M-47  (F2. 12,.05 =3.89) I 	 20 
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(c) Suppose X = (X 1 , X2, X3)1  has co-variance 

matrix 

= 

1 

-2 

0 

—2 

5 

0 

0 

CI 

2 

Obtain the first two principal components 
of X. 	 20 

7. (a) Let N = 3, n = 2 and The possible distinct 
samples are s = (1, 2), s2  = (1, 3) and s3  = (2, 3). 
If SRSWOR is adopted, write down p(si ) for 
i = 1, 2, 3. If 

v1/2 + y212  if si  occurs 

yv2  + 2y313  if s2  occurs 

Y212 +y313 if 53  occurs, 

examine whether e is unbiased for the popula-
tion mean. Also find the expression for v(t), if 
unbiased. 	 20 

t = 
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(IT) TINT 	X = (Xi. X2, X3) I 	47194-ItuI atraLT 

1 —2 0 
=[-2 5 0 

0 0 2 

* I 

XfiT ;TT Err. wTA 41-F-47 I 	20 

	

7. (T) =um ft N = 3, n = 2 31T 	Sig 9fa-d 
sl  = (1, 2), s2  = (1, 3) AT s3  = (2, 3) t I 

zift (-Re( 41&T 1317Wziff Grc1t1Mrltr@e1 
SRSWOR 317-417 P1T t, th p(.5), i = 1, 2, 3 

fff 	I ,.•1 

YI/2 Y2/2 7:1R sl #(-1. cif t 
Y1/2 43/3 gra s2  E(FEU Flcii t 

	

y2i2 + Y3/3 41; s3  era 	 t, 

qi-4 407 azrr ti4i Trrgr 97 an-F497 
t-  Izift 3regTd t, 	4i IMF 	 gra- 

ar77I 	 20 

t= 
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(b) Bring out the relation between Notefling's 
T 2  and Mahalanobis D2. Explain how T2  can 
he interpreted as an extension of the student's 
r statistic. Describe the utility of Fisher's dis-
criminent function in classification problems. 

20 

(c) Discuss on the advantages of using a BIBD. 

For a BIBD with parameters (v, b, r, k, A), 

show that 

A(v-I)-= r(k-l) and 17 v. 

Also examine whether a BIBD is possible with 

v=b=34, r=k=12 and A=4. 	20 

8. (a) What are inclusion probabilities ? Use this 
concept to define the Horvitz-Thomson 
estimator. If ak  and aki  denote the first and 
second order inclusion probabilities under an 
arbitary ordered design of fixed size, show that 

(i) E ak = v and 

N 
(ii) aki=v(v -1) 

h*l 

where v = E(v(s)) is the expected effective 

sample size. 	 20 
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020 117).frI1T T` lit( ,1 ir- 1.ilf4;7 D 2 	th-4 fit Eft 

Avg i-ar, .F-77 fro T2  t).  g-'47 r 

9R14--4 fa-FrF 	 mczu et wr 

t:twafl ti b4,fimtur irmoTraff 	icRTT ci(artiem 

th-9-9.  4;1 ,14 24114)di aT 4,11-1 -t.E4tr, I 	20 

OT) 7-* icli:;to squi (!:i.c:cii 61-5T n-4T (BIBD) 
9-r4 tic facet flf4g I ITT4 

(v. b, r, k, 	BIBD fMT, WfVr,ft 

— 1) = r(k —1) 3117 b?: v. 

Wq9Tr pia frF47ft 	v = b =34. r = k =12 

afr{ A.4 4747 BIBD kt4t-4 t 	 20 

8. (T) afire! 1 	4chdlt; our 	del 	? 01:4R.  liti 
ariT9"T 	riThirfrCiff Tt4 thy, 	 

Tcrthir 41-4711;117 3trwr:r*tt,- 	 51) 41c11 

36WSNT aT atTfu tiR ce, silt a ki  91/1T mErt 

tag TT 	:ffrEaft-  9TfiTa TTaT1 	T4tft t, 

qvfw ft; 

(1) Xak =v 3117 

N 
(ii) F. E akt= v(v — 0 

k #1 

v = E(v(s)) 7.-- ifiTa- WHIG tt Wrd4'41 3MTP4 t I 

20 
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(b) If Vran. Vprop and Vopt respectively denote the 
variance of the estimator of the population 
mean under SRSWOR, stratified sampling 
under proportional allocation and Neyman 
allocation, show that 

Vran > Vprop > Vont 
	 20 

(c) In a 33  factorial experiment, each replication is 
divided into 3 blocks of size 9 each and the 
effect ABC2  is totally confounded. Explain the 
analysis of the experiment and set up the 
ANOVA table. 	 20 
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(-) '4 Vran' Vprop 4k  VON 61 	I141 rcich ft :179.  311T 

3T 	+T 	airc-Nid  

9fa-f2179, 7f-Cd-  4r1 	INH 	at ci4cl TriTft 

4-rtzr 	3Tr*w* 	a4 -(17r *r 	*-*A t, 
fr 

Vran  > Vpmp  > Vopt 	 20 

(Tr) T*  33  c4§-41q1.-1 	r 	-1-*3-F—d--t -  T2*4 

31177 9 3 	4frffrf-Au 	afIT 911T7 

ABC2  Triffzir 	frat 	 

	30 ANOVA FT-klin-  sirilWI 	20 
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39t4T 
frq 	3th-  34* Orti ovi 

.w* ∎111( 3H1 #1.€## # 	4t4 wf-67, frem-r (374R- 

3177*!ic)q1"-cr-q-  4 a-Trr ;Izit t 3th- 	gr€Zrgrfvua--Av 
&T-f<r-  Tv-78-  cR-  3T1 RT MiVer Rrm-  cr-c R-Trr 4frtt 
wrie-67-  1 9qr-E77 cr-<-  JoTIR4ct TrrwiT a- arr-d-k- 3sr a-fa 
grum- m* 7/7 \iric cr-<- 	3fw rig).  frrN-/ 

asg ekoeli 1 3rh- 5 eff-47-41- 17A- PR±#4- gOwq173. 4 
m7T-4--TR- cfw7R- rW-CRTFT-  t9RRYk‘irit c:)PN / 
74W P7a- Ptqrffsfwg-n- a-31- ffaz)-770: 1 

3rmqq) 0, * acrff 3dt-eY =WI 4-F-47 Rwr 
We-  #F-47 
9-zim-4--ff 3Th-m*w re-g-ff cf- m- k f 	I 

TIT arrarn 	ww f;.,„1 	5s7 Th-r re-( Tny, T 
aff Asp Frwt gmf/av-gurY wiz Fmr-Fmr W 
$tvzhi 3r427"(, t 3rrr4 	rerRicq4 	arrfr 
r(4.  TeF 140c4 74# Fen' mff/v- wTTff rer 
FTITTIT *Tr l w 	wr zcil ar-frfur *P-4-7 
acct 7Prwr if RT*olt§q y& 	A-  izrr-6,-  ei& FiT 4-  chid 

	

i n# 	2 r.w*:  - orq 	\in<).  3fw R.c* 

	 Qw 

Note : English version of the Instructions is printed on 
the front cover of this question paper 
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