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ÿoˆÁTˆEı YÁPˆy‘] ( B.D.P.) 
◊`l˘Á[˝bÔÁ‹ôˆ YÃ[˝›l˘Á ( Term End Examination ) : 

 ◊Qˆ„a∂ëˆÃ[˝, 2014 C L«X, 2015 

G◊STˆ ( Mathematics ) 
B◊¨K˜Eı YÁPˆy‘] ( Elective ) 

aä] Yy ( 7th Paper : Mathematical Analysis-I ) 
a]Ã^  f ªV«c˜O H∞RÙOÁ Y…SÔ]ÁX  f 50 
Time : 2 Hours Full Marks : 50 

( ]Á„XÃ[˝ mÃ[˝”±ºˆ  f 70% ) 
( Weightage of Marks : 70% ) 

Y◊Ã[˝◊]Tˆ C ^UÁ^U =w¯„Ã[˝Ã[˝ LXÓ ◊[˝„`b ]…_Ó ÂVCÃ^Á c˜„[˝* 
%£à˘ [˝ÁXÁX, %Y◊Ã[˝¨K˜~TˆÁ A[˝e %Y◊Ã[˝õıÁÃ[˝ c˜ÿôˆÁl˘„Ã[˝Ã[˝ Âl˘‰y X∂ëˆÃ[˝ 

ÂEı‰ªRÙO ÂXCÃ^Á c˜„[˝* =YÁ„‹ôˆ Y“‰`¬Ã[˝ ]…_Ó]ÁX a…◊ªJÙTˆ %Á‰ªK˜* 
Special credit will be given for accuracy and relevance 

in the answer. Marks will be deducted for incorrect 
spelling, untidy work and illegible handwriting. 

The weightage for each question has been 
indicated in the margin. 

 

◊[˝\ˆÁG — Eı 

Â^-ÂEıÁ„XÁ V«◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 10 × 2 = 20 

1* (Eı) ]„X EıÃ[˝”X 0 < x < y  ÂVCÃ^Á %Á‰ªK˜* IR-AÃ[˝ _◊Húˆ 

>W[˝Ôa›]Á ÿëˆTˆf◊aà˘◊ªRÙO [˝Ó[˝c˜ÁÃ[˝ Eı„Ã[˝ ÂVFÁX Â^ 

ÿëˆÁ\ˆÁ◊[˝Eı aeFÓÁ n-AÃ[˝ %◊ÿôˆ±ºˆ %Á‰ªK˜ ^ÁÃ[˝ LXÓ     

nx > y c˜„[˝* 3 

 (F) ]„X EıÃ[˝”X x > 1 ÂVCÃ^Á %Á‰ªK˜* ◊[˝[˝ ◊Tˆ◊ªRÙO a◊PˆEı 

UÁEı„_ ^«◊N˛ ◊VX, \«ˆ_ UÁEı„_ ae„`ÁW˝X EıÃ[˝”X : 

  ∈= nxS n :{ IN } ÂaªRÙO◊ªRÙO >W[˝Ôa›]Á [˝à˘ XÃ^* 3 

 (G) ]„X EıÃ[˝”X f : [ a, b ] → IR ◊X∂oˆ\ˆÁ„[˝ aep˚ÁTˆ    

%Á‰ªK˜ :
 

 

                  0, ^FX x ]…_V 

                  1, ^FX x %]…_V 

  f ◊Eı [ a, b ]-ÂTˆ a›◊]Tˆ Â\ˆV^«N˛ %„Yl˘Eı c˜„[˝ ? 

=w¯„Ã[˝Ã[˝ Y„l˘ ^«◊N˛ ◊VX* 4 

2* (Eı) ]„X EıÃ[˝”X S = { ∈x  IR : cosx ≠ 0 }. 

  ^«◊N˛ac˜ a◊PˆEı =w¯Ã[˝◊ªRÙO ◊XÃ[˝÷YS EıÃ[˝”X :  

i) S , IR-A [˝à˘ ÂaªRÙO 

ii) S , IR-A ]«N˛ ÂaªRÙO 

iii) S , IR-A [˝à˘ ÂaªRÙOC XÃ^, ]«N˛ ÂaªRÙOC XÃ^ 

iv) S , IR-A [˝à˘ C ]«N˛ =\ˆÃ^ W˝Ã[˝„XÃ[˝ ÂaªRÙO*  3 

 (F) ]„X EıÃ[˝”X S = { ∈x IR : 0 < x < 1 },  

  nI = { ∈x IR, nxn
21 <<  } A[˝e  

  ∈= nIG n :{  IN }. 

  ÂVFÁX Â^ ∪
∞

=

⊂
1n

nIS

 

◊Eı‹ô«ˆ G-AÃ[˝ ÂEıÁX aa›]   

=Y-a]◊rÙ S-AÃ[˝ %Á[˝Ã[˝S› c˜„Tˆ YÁ„Ã[˝ XÁ*
 

3 

f ( x ) = 
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 (G) Y“]ÁS EıÃ[˝”X Â^ AEı◊ªRÙO aa›] ÂaªRÙO C AEı◊ªRÙO 

GSX„^ÁGÓ Âa‰ªRÙOÃ[˝ ae„^ÁG ÂaªRÙO◊ªRÙO GSX„^ÁGÓ c˜„[˝*
 

4 

3* (Eı) 0=∞→ nan
lim

 
c˜„_ ÂVFÁX Â^ 

0
...21 =

+++
∞→ n

aaa
n

lim n

 
c˜„[˝* 3 

 (F) ]„X EıÃ[˝”X f : [ a, b ] → IR %„Yl˘Eı◊ªRÙO [ a, b ]-ÂTˆ 

a‹ôˆTˆ* ^◊V nxxx ,...,, 21 ◊[˝≥V« a]…c˜ [ a, b ]-AÃ[˝ 

%‹ôˆ\…ˆ¤N˛ c˜Ã^ Tˆ„[˝ ÂVFÁX Â^ [ a, b ]-ÂTˆ ξ  ◊[˝≥V«Ã[˝ 

%◊ÿôˆ±ºˆ %Á‰ªK˜ ^ÁÃ[˝ LXÓ ∑
=

=
n

i
ixfnf

1
)(1)(ξ
 
c˜„[˝*  

   3 

 (G) ]„X EıÃ[˝”X f, ]«N˛ %‹ôˆÃ[˝Á_ ( a, b )-ÂTˆ a‹ôˆTˆ A[˝e 

)(xfax
lim

+→  
C )(xfbx

lim
−→ -AÃ[˝ aa›] 

%◊ÿôˆ±ºˆ %Á‰ªK˜* ÂVFÁX Â^ f , ( a, b )-ÂTˆ a]a‹ôˆTˆ 

c˜„[˝*
 

4 

4* (Eı) ÂVCÃ^Á %Á‰ªK˜ )1()( 2 xxnxf n
n −= , ∈x [0,1], 

∈x  IN.  ÂVFÁX Â^ nn xf })({ ,[ 0, 1 ]-A a] 

%◊\ˆaÁÃ[˝› XÃ^* 3 

 (F) ∑
∞

=2 )log(
1

n
pnn  

Ê`“S›◊ªRÙOÃ[˝ %◊\ˆaÁ◊Ã[˝±ºˆ YÃ[˝›l˘Á EıÃ[˝”X, 

Â^FÁ„X p AEı◊ªRÙO [˝Áÿôˆ[˝ Ã[˝Á◊`* 3 

 (G) ]„X EıÃ[˝”X HÁTˆ Ê`“S› ∑
∞

=

−
0

0 )(
n

n
n xxa -AÃ[˝ 

%◊\ˆaÃ[˝S [˝ÓÁaÁW˝Ô ∞<< ρρ 0, . ]„X EıÃ[˝”X 

ρ<< r0 . Y“]ÁS EıÃ[˝”X Â^ HÁTˆ Ê`“S›◊ªRÙO 

],[ 00 rxrx +−  [˝à˘ %‹ôˆÃ[˝Á„_ a]%◊\ˆaÁÃ[˝› c˜„[˝* 4 

 ◊[˝\ˆÁG — Fı 

Â^-ÂEıÁ„XÁ ◊TˆX◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 6 × 3 = 18 

5* ]„X EıÃ[˝”X W˝XÁ±¡Eı [˝Áÿôˆ[˝ aeFÓÁÃ[˝ y‘]‚—˜Áa]ÁX %X«y‘] 

nna }{ , `…XÓ %◊\ˆ]«„F %◊\ˆaÁÃ[˝›* Y“]ÁS EıÃ[˝”X Â^ 

∑
∞

=

−−
1

1)1(
n

n
n a Ê`“S›◊ªRÙO %◊\ˆaÁÃ[˝› c˜„[˝* 6 

6* Y“]ÁS EıÃ[˝”X Â^ AEı◊ªRÙO HÁTˆ‰`“S›„Eı TˆÁÃ[˝ %◊\ˆaÃ[˝S 

%‹ôˆÃ[˝Á„_Ã[˝ %‹ôˆGÔTˆ Â^ ÂEıÁX [˝à˘ %‹ôˆÃ[˝Á„_ YV◊\ˆ◊w¯Eı 

%[˝Eı_ EıÃ[˝Á ^ÁÃ^* 6 

7* ]„X EıÃ[˝”X f : S → IR Â^FÁ„X S, IR 2-AÃ[˝ ]«N˛ =Y„aªRÙO 

A[˝e ( a, b ), S-AÃ[˝ AEı◊ªRÙO ◊[˝≥V«* ]„X EıÃ[˝”X ( a, b ) 

◊[˝≥V«„Tˆ xf -AÃ[˝ %◊ÿôˆ±ºˆ %Á‰ªK˜ A[˝e ( a, b ) ◊[˝≥V«Ã[˝ aÁ]›„YÓ 

yf a›]Á[˝à˘* Y“]ÁS EıÃ[˝”X Â^ f , ( a, b  ) ◊[˝≥V«„Tˆ a‹ôˆTˆ 

c˜„[˝* 6 
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8* ^◊V p, q, r ◊≈yHÁTˆ a]›EıÃ[˝S    

1=
+

+
+

+
+ λλλ c

z
b

y
a

x -AÃ[˝ ◊TˆX◊ªRÙO [˝›L c˜Ã^ ( a, b, c 

[˝Áÿôˆ[˝ W˝–”[˝Eı), ÂVFÁX Â^  

 
))()((
))()((

),,(
),,(

accbba
prrqqp

rqp
zyx

−−−
−−−

=
∂
∂ . 6 

9* ]„X EıÃ[˝”X f : S → IR  Â^FÁ„X S, IR 2 -AÃ[˝ ]«N˛ =Y„aªRÙO* 

]„X EıÃ[˝”X Sba ∈),( . ]„X EıÃ[˝”X xf C yf ,( a, b )-AÃ[˝ 

aÁ]›„YÓ aep˚ÁTˆ A[˝e xyf
 
, ( a, b ) ◊[˝≥V«„Tˆ a‹ôˆTˆ* Y“]ÁS 

EıÃ[˝”X Â^ ( a, b ) ◊[˝≥V«„Tˆ yxf -AÃ[˝ %◊ÿôˆ±ºˆ %Á‰ªK˜ A[˝e 

),(),( bafbaf xyyx =
 
c˜„[˝* 6 

10* ]„X EıÃ[˝”X %„Yl˘Eıa]…„c˜Ã[˝ %X«y‘] nn xf })({ , )(xf

%◊\ˆ]«„F [˝à˘ %‹ôˆÃ[˝Á_ [ a, b ]-ÂTˆ a] %◊\ˆaÁÃ[˝› A[˝e Y“◊Tˆ 

)(xfn , [ a, b ]-ÂTˆ a‹ôˆTˆ* Y“]ÁS EıÃ[˝”X Â^ f , [ a, b ]-ÂTˆ 

a] a‹ôˆTˆ c˜„[˝*       6 

◊[˝\ˆÁG — Gı 

Â^-ÂEıÁ„XÁ ª◊TˆX◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX f 4 × 3 = 12 

11* ]„X EıÃ[˝”X ⎟
⎠
⎞

⎜
⎝
⎛ −−

= xz
xz

xy
xyFu ,

 
%[˝Eı_X„^ÁGÓ 

%„Yl˘Eı* ÂVFÁX Â^ 0222 =
∂
∂+

∂
∂+

∂
∂

z
uzy

uyx
ux . 4 

12* 0)(1 =+−+ −xyxy eelnxy a]›EıÃ[˝S◊ªRÙO y-ÂEı x-AÃ[˝    

◊•-%[˝Eı_X„^ÁGÓ %„Yl˘Eı ◊c˜„a„[˝ aep˚ÁTˆ Eı„Ã[˝ W˝„Ã[˝ ◊X„Ã^ 

ÂVFÁX Â^ 22

2 2
d
d

x
y

x
y
= . 4 

13* ]„X EıÃ[˝”X ||xyz = , tx = , 3tty +=  Â^FÁ„X 

0≥t .  t
y

y
z

t
x

x
z

t
z

d
d

.
d
d.

d
d

∂
∂+

∂
∂=  a…y◊ªRÙO t = 0-ÂTˆ ◊aà˘ 

c˜„[˝ ◊EıXÁ YÃ[˝›l˘Á EıÃ[˝”X* 4 

14* Y“◊Tˆ◊ªRÙO Âl˘‰y nSlim Sup C nSlim inf ◊XSÔÃ^ EıÃ[˝”X : 

i) n
n

nS )1(
2

sin −+= π  

ii)            
n
⎟
⎠
⎞⎜

⎝
⎛+
2
11 , n ^«GΩ 

               
n
1− ,    n %^«GΩ 4 

15* ]„X EıÃ[˝”X [ ]→2,0:ϕ  IR  ◊X∂oˆ\ˆÁ„[˝ aep˚ÁTˆ %Á‰ªK˜ :  

 
1

cos)( 2

22

+
−

∞→=
+

n

n

x
xx

n
limxϕ  

 ÂVFÁX Â^ 0)2()0( <ϕϕ  ◊Eı‹ô«ˆ ( 0, 2 )-ÂTˆ A]X ÂEıÁX 

◊[˝≥V«Ã[˝ %◊ÿôˆ±ºˆ ÂXc˜O ^ÁÃ[˝ LXÓ 0)( =xϕ  c˜„[˝* ]W˝Ó[˝Tˆfi ]ÁX 

W˝]Ô◊ªRÙO ÂEıX AFÁ„X Y“„^ÁLÓ c˜‰¨K˜ XÁ TˆÁÃ[˝ [˝ÓÁFÓÁ ◊VX*  4 

Sn =
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16* ÂVFÁX Â^ ...
34

...
5

345
+

−
+++

−

n
xxx

n
 Ê`“S›◊ªRÙO      

1|| <x -AÃ[˝ LXÓ YV◊\ˆ◊w¯Eı %[˝Eı_X„^ÁGÓ* AÃ[˝ ÂU„Eı 

ÂVFÁX Â^ x
xxxf

−
++= −

1
1log

4
1tan

2
1)( 1 . 2 + 2 

17* ^◊V f : [ a, b ] → IR  %[˝Eı_„^ÁGÓ %„Yl˘Eı c˜Ã^ A[˝e     

[ a, b ]-ÂTˆ f /

 a›]Á[˝à˘ c˜Ã^, Tˆ„[˝ ÂVFÁX Â^ f , [a, b ]-ÂTˆ 

a›◊]Tˆ Â\ˆV^«N˛ %„Yl˘Eı c˜„[˝* 4 

18* ^◊V nna }{ , `…XÓ %◊\ˆ]«„F %◊\ˆaÁÃ[˝› c˜Ã^ A[˝e nnb }{

a›]Á[˝à˘ c˜Ã^, Tˆ„[˝ Y“]ÁS EıÃ[˝”X Â^ nnnba }{ , …̀XÓ 

%◊\ˆ]«„F %◊\ˆaÁÃ[˝› c˜„[˝* 4 

 
 

 
 

 
 
 

 
 

 
 

 
 

 

( English Version ) 
Group – A 

   Answer any two questions. 10 × 2 = 20 
1. a) Let 0 < x < y be given. Using the least upper 

bound axiom of IR, show that there exists 
natural number n for which nx > y. 3 

 b) Let x > 1. Correct or justify the statement : 

The set ∈= nxS n :{ IN } is unbounded 
above. 3 

 c) Let f : [ a, b ] → IR be defined by 
                  0, when x is rational 
                  1, when x is irrational 
  Is f bounded variation in [ a, b ] ? Justify 

your answer. 4  
2. a) Let S = { ∈x  IR : cosx ≠ 0 }. 

  With proper reason, choose the correct 
answer : 3 

i) S is closed set in IR 

ii) S is open set in IR 

iii) S is neither open nor closed set in IR 

iv) S is both open and closed set in IR. 

 b) Let S = { ∈x IR : 0 < x < 1 },  

  nI = { ∈x IR, 
nxn
21 <<  } and                      

∈= nIG n :{  IN }.  

  Show that ∪
∞

=

⊂
1n

nIS  but no finite             

sub-collection of G can cover S. 3 

f ( x ) = 



 EMT-VII (UT-223/15) EMT-VII (UT-223/15) 2  

B.Sc.-603-G    [ Y„Ã[˝Ã[˝ Y úˆÁÃ^ V–rÙ[˝Ó B.Sc.-603-G   

 c) Prove that the union of a finite set and an 
enumerable set is enumerable. 4 

3. a) If 0=∞→ nan
lim , show that 

0
...21 =

+++
∞→ n

aaa
n

lim n . 3 

 b) Let f : [ a, b ] → IR be continuous in [ a, b ]. 
Let nxxx ,...,, 21  be points of [ a, b ]. Show 

that there exists a point ],[ ba∈ξ  such 

that ∑
=

=
n

i
ixfnf

1
)(1)(ξ . 3 

 c) Let f be continuous in open interval ( a, b ) 

and let )(xfax
lim

+→  and )(xfbx
lim

−→  

both exist finitely. Prove that f is uniformly 
continuous in ( a, b ). 4 

4. a) Let )1()( 2 xxnxf n
n −= , ∈x [0,1], ∈x  IN. 

Show that nn xf })({  is not uniformly 

convergent in [ 0, 1 ]. 3 

 b) Test the convergence of the series 

∑
∞

=2 )log(
1

n
pnn

 where p is real number.
 

3 

 c) Let ρ  be the radius of convergence of the 

power series ∑
∞

=

−
0

0 )(
n

n
n xxa , ∞<< ρ0 . Let 

ρ<< r0 . Prove that the power series is 
uniformly convergent in the closed interval 

],[ 00 rxrx +− . 4 

Group – B 
   Answer any three questions. 6 × 3 = 18 
5. Let nna }{  be a decreasing sequence of positive 

real numbers, converging to zero. Prove that 

∑
∞

=

−−
1

1)1(
n

n
n a  is convergent. 6  

6. Prove that a power series can be differentiated 
term-by-term strictly in every closed interval 
within its interval of convergence. 6 

7. Let f : S → IR where S is open subset of IR 2 and 
let ( a, b ) be a point of S. 

 Let xf  exist at ( a, b ) and yf  
be bounded in 

some neighbourhood of ( a, b ). Prove that f is 
continuous at ( a, b ). 6 

8. If p, q, r be the roots of the cubic equation  

 1=
+

+
+

+
+ λλλ c

z
b

y
a

x  

 ( where a, b, c are real constants ), show that 

))()((
))()((

),,(
),,(

accbba
prrqqp

rqp
zyx

−−−
−−−

=
∂
∂ . 6 
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9. Let f : S → IR  where S is open subset of IR 2 and 
let Sba ∈),( . Let xf , yf  be defined in some 

neighbourhod of ( a, b ) and let xyf
 

be 

continuous at ( a, b ). Prove that yxf
 
exists at      

( a, b ) and ),(),( bafbaf xyyx = . 6 

10. Let the sequence of functions nn xf })({
 
converge 

uniformly to )(xf
 
in [ a, b ] and each )(xfn  be 

continuous in [ a, b ]. Prove that f is uniformly 
continuous in [ a, b ]. 6 

Group – C 

   Answer any three questions. 4 × 3 = 12 

11. Let ⎟
⎠
⎞

⎜
⎝
⎛ −−

= xz
xz

xy
xyFu ,

 
be a differentiable 

function. Show that 0222 =
∂
∂+

∂
∂+

∂
∂

z
uzy

uyx
ux . 4 

12. Assuming that 0)(1 =+−+ −xyxy eelnxy
 
defines 

y as a twice differentiable function of x, show 

that 22

2 2
d
d

x
y

x
y
= . 4 

13. Let ||xyz = , tx = , 3tty +=  where 0≥t . 

Examine whether the relation 

t
y

y
z

t
x

x
z

t
z

d
d

.
d
d.

d
d

∂
∂+

∂
∂=  holds at t = 0. 4 

14. Find nSlim Sup  and nSlim inf  in each case 

where  

i) n
n

nS )1(
2

sin −+= π  

ii)            
n
⎟
⎠
⎞⎜

⎝
⎛+
2
11 , where n is even 

               n
1− ,    where n is odd. 4 

15. Let [ ]→2,0:ϕ  IR  be defined by  

 
1

cos)( 2

22

+
−

∞→=
+

n

n

x
xx

n
limxϕ  

 Show that 0)2()0( <ϕϕ  but there does not exist 

any point in ( 0, 2 ) at which 0)( =xϕ . Explain 
why the intermediate value property does not 
hold here. 4 

16. Show that the series  

 ...
34

...
5

345
+

−
+++

−

n
xxx

n
 

 is term-by-term differentiable where 1|| <x . 

Hence show that x
xxxf

−
++= −

1
1log

4
1tan

2
1)( 1 .  

  2 + 2 
17. If f : [ a, b ] → IR  be a derivable function and f 

/

  
be bounded in [ a, b ], show that f is of bounded 
variation function in [a, b ].  4 

18. If nna }{  converges to zero and nnb }{  be 

bounded, prove that nnnba }{  converges to zero.  

  4 
    

Sn =


