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Third Year B. A. / B. Sc. Examination
April / May – 2003

Statistics : Paper - IX

(Mathematical Methods)

Time : 3 Hours] [Total Marks : 105

Ëq[�t : (1) �Ät «&�tu�t Ë{t� �wý Au.
(2) ËtÞÂLxrVx fu÷õÞw÷uxh ðt�hðt�e Aqx Au.
(3) ytkfztþtMºteÞ ftuüf y�u �útV�u�h rðk��e fhðtÚte {¤e þfþu.

1 (y) ÔÞtÏÞt yt�tu : ©uýe y�u �u�e yr¼Ëtrh�t. yr¼Ëthe ©uýe Ëer{� ntuÞ Au
yu{ ��tðtu. �u�wk «r�«{uÞ nk{uþtk Ët[wk ntu�wk �Úte yu{ W�tnhýÚte ��tðtu.

(�) Ë{�wýtu¥th ©uýe r no t�e yr¼Ëtrh�t [ftËtu.

(f) ftuþe ©uýe�e ÔÞtÏÞt yt�tu. 
n

n+
RST

UVW1
 ftuþe ©uýe Au yu{ ��tðtu.

yÚtðt

1 (y) y�k� ©uZe�e yr¼Ëtrh�t�e ÔÞtÏÞt yt�tu. �u�e yr¼Ëtrh�t {txu�e sYhe
þh� sýtðtu y�u Ëtr�� fhtu yu �ÞtoÃ� Au ? W�tnhý yt�tu.

(�) y�k� ©uZe�e yr¼Ëtrh�t [ftËðt {txu�tk �heûtýtu ðýoðtu.
(f) ©uZe�e yr¼Ëtrh�t [ftËtu :
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= + + + + + + + +
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∞
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2 (y) lim ( )
x

f x
→∞

�e ÔÞtÏÞt yt�tu. lim
x

n

x
e

→∞
+F

HG
I
KJ =1

1  Ëtr�� fhtu.

(�) rðÄuÞ�wk zt�e �tsw�wk ÷ût y�u s{ýe �tsw�wk ÷ût ÔÞtÏÞtrÞ� fhtu. f x x( ) [ ]=

{txu x = 1 {txu yu {u¤ðtu y�u �u{�wk yÚto½x� fhtu.

(f) ÔÞtÏÞt�tu W�Þtu� fhe lim
x

x

x→∞
+
−

2 1

4 7
�e rfk{� þtuÄtu.

yÚtðt

2 (y) rðÄuÞ�e yË���t�t rðrðÄ «fthtu ðýoðtu. �e[u yt�u÷t rðÄuÞ�tu «fth ðýoðtu :

f x
x

a
a x a

x a

a
x

a
x a

( ) ,

,

,

= − ≤ <

= =

= − >

2

3

3

0

0

(�) òu rðÄuÞ f  y�u g Ë�� ntuÞ �tu f g±  �ý Ë�� Au yu{ Ëtr�� fhtu.
(f) rðÄuÞ�e yufY� Ët�íÞ (Uniform convergence)�e ÔÞtÏÞt yt�tu. Ëtr��

fhtu fu f x x a b( ) , [ , ]= 2 {tk yufY� Ë�� Au. �ý [ , [ ,a a∞ > 0{tk �Úte.

3 (y) �ý�e LÞq��{ WÎðoËe{t y�u {n¥t{ yÄ:Ëe{t W�tnhý yt�e Ë{òðtu.
�u{�t yÂM�íð y�u y�LÞ�t �t�� þwk fne þftÞ ? �e[u yt�u÷t �ý {txu,
yÂM�íð Ähtð�tk ntuÞ �tu LÞq��{ WÎðoËe{t y�u {n¥t{ yÄ:Ëe{t þtuÄtu :

(1) x Q x∈ <, 2 2o t

(2)
5 2n

n
n N

+ ∈RST
UVW, .

(�) òu S Ëk�qýo ¢r{f ûtuºt F �tu Ëer{� W��ý ntuÞ �tu glb S y�u lub S F {tk
yÂM�íð Ähtðu Au y�u glb lubS S≤  Au yu{ Ëtr�� fhtu.
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(f) n N∈  {txu 1
1

1
1

1 1

+
−

F
HG

I
KJ > +F

HG
I
KJ

+

n n

n n
 Ëtr�� fhtu. su �rhýt{�tu �{u

W�Þtu� fÞtuo ntuÞ �u M�ü�ýu �þtoðtu.
yÚtðt

3 (y) Ë{òðtu :
(1) {t�tðftþ
(2) yk��o� �ý
(3) �ý�t ÷ût®��wytu
(4) Ëkð]¥t y�u rðð]¥t �ý.

(�) �ý�e Ëkð]¥t�t (closure)�e ÔÞtÏÞt yt�tu. Ëkð]¥t �ý�e Ëkð]¥t�t Ëkð]¥t Au.
yu{ Ëtr�� fhtu.

(f) Ëw�Ø �ý�e ÔÞtÏÞt yt�tu y�u �u�tk �u W�tnhý yt�tu. ð¤e (1) yk�ht÷
� ntuÞ yuðt rðð]¥t �ý (2) Ëkð]¥t-rðð]¥t (Clopen) �ý (3) Ëkð]¥t �ý
� ntuÞ y�u rðð]¥t �ý � ntuÞ (4) su�tu Þtu��ý rðð]¥t ntuÞ yuðt yrðð]¥t
(non-open) yuðt �ý�tk W�tnhý yt�tu.

4 (y) he{t�-Mxe÷SË Ëkf÷�e ÔÞtÏÞt yt�tu. y�u �u�t y�íÞ�t �wýÄ{tuo sýtðtu.
(�) òu p*  yu p�wk ð]ÂØfhý ntuÞ �tu Ëtr�� fhtu fu :

(1) L p f L p f( , , ) ( *, , )α α≤

(2) U p f U p f( *, , ) ( , , )α α≤ .

(f) òu f x x( ) =  y�u α( )x x= 2 ntuÞ �tu f dα
0

1

z  yÂM�íð Ähtð�wk ntuÞ �tu

þtuÄtu.
yÚtðt

4 (y) Ëkf÷� r[nT� nuX¤ rðf÷� {txu r÷�r�xTÍ�tu «{uÞ ÷¾tu y�u Ëtr�� fhtu.
(�) suftur�Þ��e ÔÞtÏÞt yt�tu.

x u v w= + + , y uv vw wu= + + , z uvw=  {txu 
∂
∂

( , , )

( , , )

x y z

u v w  þtuÄtu.

x y z, ,  ðå[u rðÄuÞtí{f Ëk�kÄ, ntuÞ �tu þtuÄtu.
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(f) �{u �u yuf�tu sðt� ÷¾tu :

(1) r÷�r�xTÍ�t r�Þ{�tu W�Þtu� fhe d

dt
x dx

t

log ( )1 2
2

3

+z �wk {qÕÞ þtuÄtu.

(2) òu y x x1 1 21= −( )

y x x x2 1 2 31= −( )

y x x x xn n n− −= −1 1 2 1 1' .......... ( )

y x x xn n= 1 2............     ntuÞ �tu

∂
∂

( , ,....., )

( , ,......, )

y y y

x x x
n

n

1 2

1 2
 þtuÄtu.

5 (y) ºtý [÷ {txu rzhe&÷u�tu «Þtu� ÷¾tu y�u Ëtr�� fhtu.
(�) x y x y= = + =0 0 1, , Úte Ëer{� «�uþ {txu

x y x y dxdy
1
2

1
2

2
31( )− −zz �wk {qÕÞ þtuÄtu.

(f) òu h > 0 {txu I e dxdyh x y= − +

−∞

∞

−∞

∞

zz ( )2 2
 ntuÞ �tu I �e rfk{� þtuÄtu. �u

�hÚte e dxax bx c− + +

−∞

∞

z ( )2
�wk {qÕÞ þtuÄtu.

yÚtðt

5 (y) r  rºtßÞtðt¤t n��rh{tÛðeÞ ftu÷f�wk f� rzhe&÷u�t «{uÞÚte þtuÄðt�e
he� ðýoðtu.

(�) x y z≥ ≥ ≥0 0 0, , , x y z+ + = 1Úte Ëer{� �tu¤t x

a

y

b

z

c

2

2

2

2

2

2
1+ + = �wk f�

þtuÄtu.

(f) òu f x y c e
Q

( , ) = ⋅ − 1
2 , −∞ < < ∞x  ßÞtk

Q
x

x y y=
−

−F
HG

I
KJ − − − + −

L
N
M
M

O
Q
P
P

1

1

10

0 5
4 10 12 12

2

2
2

ρ
ρ

.
( ) ( ) ( )

rî[÷ Ëk¼tð�t ½xíð rðÄuÞ ntuÞ �tu c�wk {qÕÞ þtuÄtu.
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ENGLISH  VERSION

Instructions : (1) All questions carry equal marks.

(2) Use of scientific calculator is allowed.

(3) Statistical tables and graph papers will be

supplied on required.

1 (a) Define a sequence and its convergence. Show that a conver-

gent sequence is always bounded. Give an example to show

that its converse is not always true.

(b) Examine the convergence of the geometric sequence r no t.

(c) Define Cauchy sequence. Show that 
n

n+
RST

UVW1
 is a Cauchy

sequence.

OR

1 (a) Define the convergence of an infinite series. State and prove

the necessary condition for the convergence of an infinite

series. Is it sufficient ? Give an illustration.

(b) Describe the tests used to determine the convergence of an

infinite series.

(c) Examine the convergence of

(1) an
n

= + + + + + + + +
=

∞
∑ 1

2

1
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1
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.......

(2)
n

nn
!∑ .

2 (a) Define lim ( )
x

f x
→∞

. Show that lim
x

n

x
e

→∞
+F

HG
I
KJ =1

1
.

(b) Define left hand and right hand limits and a function. Obtain

the same for f x x( ) [ ]=  at x = 1 and interpret them.
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(c) Evaluate lim
x

x

x→∞
+
−

2 1

4 7
 using definition.

OR

2 (a) Describe various types of discontinuities of function.
Determine the nature of

f x
x

a
a x a

x a

a
x

a
x a

( ) ,

,

,

= − ≤ <

= =

= − >

2

3

3

0

0

(b) If function f  and g are discontinuous, show that f g±  is

also continuous.

(c) Define uniform continuity of a function. Show that f x x( ) = 2

is uniformly continuous on [ , ]a b  but not on [ , [ ,a a∞ > 0.

3 (a) Explain least upper bound and greatest lower bound set
giving illustrations. What can you say about their existence
and uniqueness ? Find the least upper bound and greatest
lower bound for the sets

(1) x Q x∈ <, 2 2o t

(2)
5 2n

n
n N

+ ∈RST
UVW, .

(b) If S is a bounded subset of a complete ordered field F, then

show that glb S and lub S  exist in F and glb lubS S≤ .

(c) Show that for n N∈ , 1
1

1
1

1 1

+
−

F
HG

I
KJ > +F

HG
I
KJ

+

n n

n n
. State clearly the

result you have used.

OR
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3 (a) Explain :
(1) Metric space
(2) Interior of a set
(3) limit points of a set
(4) open and closed sets.

(b) Define closure of a set. Show that closure of a closed set is
closed.

(c) Define a compact set and give two illustrations for it. Also
give examples of :
(i) an open set which its not an interval.
(ii) a set which is clopen.
(iii) a set which its neither open nor closed.
(iv) Two non-open sets whose union is open.

4 (a) Define Riemann-Stieltijes integral and state its important
properties.

(b) If p*  be the refinement of p, then prove that :

(1) L p f L p f( , , ) ( *, , )α α≤

(2) U p f U p f( *, , ) ( , , )α α≤ .

(c) If f x x( ) =  and α( )x x= 2, find f dα
0

1

z  if it exists.

OR
4 (a) State and prove Leibnitz's theorem for differentiation under

the integral sign.

(b) Define Jacobian. Find 
∂
∂

( , , )

( , , )

x y z

u v w  if x u v w= + + ,

y uv vw wv= + + , z uvw= . Find the functional relationship
between x y z, ,  if there is any.

(c) Answer any one :
(1) Using the Leibnitz's rule, evaluate

d

dt
x dx

t

log ( )1 2
2

3

+
L

N
M
M

O

Q
P
Pz .
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(2) If y x x1 1 21= −( )

y x x x2 1 2 31= −( )

M
M
M

y x x x xn n n− −= −1 1 2 1 1.......... ( )

y x x xn n= 1 2............

then find 
∂
∂

( , ,....., )

( , ,......, )

y y y

x x x
n

n

1 2

1 2
.

5 (a) State and prove Dirichlet's theorem for three variables.

(b) Evaluate x y x y dxdy
1
2

1
2

2
31( )− −zz  over the domain D

bounded by lines x y x y= = + =0 0 1, , .

(c) If for h > 0, I e dxdyh x y= − +

−∞

∞

−∞

∞

zz ( )2 2
 then find I . Hence

obtain e dxax bx c− + +

−∞

∞

z ( )2
.

OR
5 (a) Describe the use of Dirichlet's theorem in obtaining the

volume of an n–dimensional sphere of radius r .

(b) Find the volume of the sphere 
x

a

y

b

z

c

2

2

2

2

2

2
1+ + = , bounded by

x y z≥ ≥ ≥0 0 0, , , x y z+ + = 1.

(c) If f x y c e
Q

( , ) = ⋅ − 1
2 , −∞ < < ∞x  where

Q
x

x y y=
−

−F
HG

I
KJ − − − + −

L
N
M
M

O
Q
P
P

1

1

10

0 5
4 10 12 12

2

2
2

ρ
ρ

.
( ) ( ) ( )  is a

bivariate density function; find the value of c.
_____________
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