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ÿoˆÁTˆEı YÁPˆy‘] ◊`l˘Á[˝bÔÁ‹ôˆ YÃ[˝›l˘Á 
 ( BDP Term End Examination ) 

 ◊Qˆ„a∂ëˆÃ[˝, 2017 C L«X, 2018 
( December-2017 & June-2018 ) 
B◊¨K˜Eı YÁPˆy‘] ( Elective Course ) 

G◊STˆ ( Mathematics ) 
aä] Yy ( 7th Paper ) 

Mathematical Analysis-I : EMT-7 
a]Ã^  f ªV«c˜O H∞RÙOÁ (Time : 2 Hours)  

Y…SÔ]ÁX  f 50 (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 A C B, IR-AÃ[˝ V«◊ªRÙO %`…XÓ [˝à˘ ÂaªRÙO* 

ÂVFÁX Â^ BABA infinf)(inf +=+  Â^FÁ„X 

},|{ BbAabaBA ∈∈+=+ . 3 

 (F) %X«y‘„]Ã[˝ Âl˘‰y Bolzano-Weierstrass =YYÁVÓ◊ªRÙO 

◊[˝[˝ Tˆ EıÃ[˝”X A[˝e %X«y‘] πnnan cos11 ⎟
⎠
⎞⎜

⎝
⎛ += -

AÃ[˝ Âl˘‰y =YYÁVÓ◊ªRÙOÃ[˝ ^UÁUÔTˆÁ Y“◊TˆY~ EıÃ[˝”X*  

   1 + 2 

 (G) ]„X EıÃ[˝”X 
nan
1...

2
1

1
11 +++= * %X«y‘]◊ªRÙO 

IR-A Eı◊` (Cauchy) %X«y‘] ◊EıXÁ YÃ[˝›l˘Á EıÃ[˝”X* 4 

2* (Eı) ]„X EıÃ[˝”X  

                    x
πsin  , 10 ≤< x   

                         0,    x = 0 

  %„Yl˘Eı◊ªRÙO [0,1]-A a›◊]Tˆ Â\ˆV^«N˛ ◊EıXÁ YÃ[˝›l˘Á 

EıÃ[˝”X* 3 

 (F) A (⊂  IR ) GSX„^ÁGÓ c˜„_ Y“]ÁS EıÃ[˝”X Â^ A × A C 

GSX„^ÁGÓ ÂaªRÙO c˜„[˝* 3 

 (G) ]„X EıÃ[˝”X f : [ 0, 1 ] → [ 0, 1 ] a‹ôˆTˆ %„Yl˘Eı* 

ÂVFÁX Â^ A]X ◊[˝≥V« ]1,0[∈c -AÃ[˝ %◊ÿôˆ±ºˆ %Á‰ªK˜ 

^ÁÃ[˝ LXÓ 2)( ccf =  c˜„[˝* 4 

3* (Eı) Y“Vw¯ HÁTˆ Ê`“S›Ã[˝ %◊\ˆaÃ[˝S-[˝ÓÁaÁW˝Ô ◊XSÔÃ^ EıÃ[˝”X : 

  ...
4242

1
432
+⎟

⎠
⎞⎜

⎝
⎛+⎟

⎠
⎞⎜

⎝
⎛+⎟

⎠
⎞⎜

⎝
⎛++ xxxx . 3 

 (F) Y“]ÁS EıÃ[˝”X Â^ ÂEıÁX ^V ¨K˜ ◊[˝≥V« ÂaªRÙO ⊂(E IR )-AÃ[˝ 

%‹ôˆÃ[˝Eı◊_Tˆ ÂaªRÙO◊ªRÙO Ã[˝”à˘ ÂaªRÙO c˜„[˝* 3 

f ( x ) = 
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 (G) ]„X EıÃ[˝”X nnn ba }],[{  %X«y‘]◊ªRÙO IR-A Ã[˝”à˘ C [˝à˘ 

Âa‰ªRÙOÃ[˝ A]X %X«y‘] Â^ Y“◊Tˆ◊ªRÙO TˆÁÃ[˝ %Á„GÃ[˝◊ªRÙOÃ[˝ ]„W˝Ó 

%‹ôˆ\«ˆ¤N˛* ÂVFÁX Â^ ∩
Nn

nn ba
∈

≠ φ],[ . 4 

4* (Eı) ]„X EıÃ[˝”X %X«y‘] nna }{ ◊X∂oˆ %Á[˝ w¯ a…‰yÃ[˝ •ÁÃ[˝Á 

aep˚ÁTˆ %Á‰ªK˜* 

  11 << aa , 
n

n aa
−

=+ 2
1

1  , 1≥n .  

  ÂVFÁX Â^ nna }{  %◊\ˆaÁÃ[˝› A[˝e AÃ[˝ a›]Á ◊XSÔÃ^ 

EıÃ[˝”X* 2 + 1 

 (F) ]„X EıÃ[˝”X n

n
n x

xxf 2

2

1
)(

+
= , ∈x IR * %X«y‘] 

nnf }{ , IR-A a]-%◊\ˆaÁÃ[˝› c˜„[˝ ◊Eı ? =w¯„Ã[˝Ã[˝ Y„l˘ 

^«◊N˛ ◊VX* 3 

 (G) ]„X EıÃ[˝”X ∑
∞

= +
=

1
24

1)(
n xn

xf , Y“]ÁS EıÃ[˝”X Â^  

  (i)   f , number scale -A a‹ôˆTˆ c˜„[˝, 

  (ii) ∑∫
∞

=

∞
=

1
2

0

1
2

d)(
n n

xxf π . 2 + 2 

◊[˝\ˆÁG — Fı 

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

5* ]„X EıÃ[˝”X f C g, [ a, b ]-ÂTˆ a›◊]Tˆ Â\ˆV^«N˛ %„Yl˘Eı* 

Y“]ÁS EıÃ[˝”X Â^ fg, Â^FÁ„X )()()()( xgxfxfg = ,

],[ bax ∈ , %‹ôˆÃ[˝Á_ [ a, b ]-ÂTˆ a›◊]Tˆ Â\ˆV^«N˛ c˜„[˝* 

%ÁÃ[˝C ÂVFÁX Â^ [˝Áÿôˆ[˝ W˝–”[˝Eı A C B-AÃ[˝ %◊ÿôˆ±ºˆ %Á‰ªK˜ 

A]X Â^ )()()( fBVgAVfgV b
a

b
a

b
a +≤ , 

 ◊ªJÙc˜‘m◊_ Y“ªJÙ◊_Tˆ %UÔ[˝c˜* 6 

6* (Eı) ÂVFÁX Â^ nxe
n

nx cos
0

∑
∞

=

−  Ê`“S›◊ªRÙOÃ[˝, 

bxa ≤≤<0 -ÂTˆ Y“„TˆÓEı YV Y UEı\ˆÁ„[˝ 

%‹ôˆÃ[˝Eı_X„^ÁGÓ (term-by-term differentiable). 

 (F) ]„X EıÃ[˝”X 

⎪
⎪

⎩

⎪
⎪

⎨

⎧

≤<

≤<−

≤≤

=

12,0

21),2(

10,

)(

2

xn

nxnnxn
nxxn

xfn  

  xxfn
limxxfn

lim
nn d)(d)(

1

0

1

0
∫ ∫ ⎭⎬

⎫
⎩⎨
⎧

∞→=∞→  c˜„[˝ 

◊EıXÁ YÃ[˝›l˘Á EıÃ[˝”X* 3 + 3 
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7* ]„X EıÃ[˝”X  
 xvuyxvuf −+=),,,( , uyxyxvug +−=),,,( , 

yxvuyxvuh 352),,,( −+−= . 

  ÂVFÁX Â^ f, g, h -AÃ[˝ ]„W˝Ó %„Yl˘Eı›Ã^ a+EÔı Ã[˝„Ã^‰ªK˜* 6 

8* (Eı) ÂVFÁX Â^ IR-A Â^-ÂEıÁ„XÁ ^V ¨K˜ aeFÓEı ]«N˛ Âa‰ªRÙOÃ[˝ 

ae„^ÁG ]«N˛ ÂaªRÙO c˜„[˝* 

 (F) ]„X EıÃ[˝”X 
1)1(

2
cos2

+−
⎟
⎠
⎞⎜

⎝
⎛=

n

n
na π , ∈n ù. 

nalim , naiml  ◊XSÔÃ^ EıÃ[˝”X* 4 + 2 

9* ]„X EıÃ[˝”X ∑
∞

=0n

n
nxa -AÃ[˝ %◊\ˆaÃ[˝S-[˝ÓÁaÁW˝Ô c˜_ ρ  A[˝e 

∑
∞

= 0n

n
na ρ Ê`“S›◊ªRÙO %◊\ˆaÁÃ[˝›* Y“]ÁS EıÃ[˝”X Â^ HÁTˆ‰`“S›◊ªRÙO 

],0[ ρ -A a]-%◊\ˆaÁÃ[˝› c˜„[˝* 6 

10* ]„X EıÃ[˝”X 
⎩
⎨
⎧

≥−
<= ||||,

||||,),( xyx
xyxyxf  

 f , (0,0) ◊[˝≥V«„Tˆ %‹ôˆÃ[˝Eı_X„^ÁGÓ ◊EıXÁ YÃ[˝›l˘Á EıÃ[˝”X* 6 

◊[˝\ˆÁG — Gı 

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

11* ◊X„V¤≈◊`Tˆ ◊[˝≥V«Ã[˝ aÁ]›„YÓ %‹ôˆ◊XÔ◊c˜Tˆ %„Yl˘„EıÃ[˝ %◊ÿôˆ±ºˆ 

YÃ[˝›l˘Á EıÃ[˝”X : 3 
 0132 =−++ ylnxlnxy , (1,1). 

12* ∑
∞

=

+
0

)3(
k

kxk Ê`“S›◊ªRÙOÃ[˝ Â^ÁG-%„Yl˘Eı ◊XW˝ÔÁÃ[˝S EıÃ[˝”X* 3 

13* ]„X EıÃ[˝”X ),( yxu  A]X Â^ ),( yxmuyuxu yx =+ , 

)0( ≠m A[˝e u-AÃ[˝ ◊•Tˆ›Ã^ y‘„]Ã[˝ %Áe◊`Eı 

%‹ôˆÃ[˝Eı_Lm◊_ a‹ôˆTˆ A[˝e 0=+ yyxx uu * %„Yl˘Eı 

),( yxv  A\ˆÁ„[˝ aep˚ÁTˆ %Á‰ªK˜ Â^ 

)(),( 1
yx xuyumyxv −= − * Y“]ÁS EıÃ[˝”X Â^ 

0=+ yyxx vv . 3 

14* ]„X EıÃ[˝”X f : [ a, b ] → IR %„Yl˘Eı◊ªRÙO [ a, b ]-ÂTˆ a‹ôˆTˆ* 

Y“]ÁS EıÃ[˝”X Â^ f , [ a, b ]-ÂTˆ _◊Húˆ >W[˝Ôa›]Á C G◊Ã[˝úˆ 

◊X∂oˆa›]Á Y◊Ã[˝G–c˜ Eı„Ã[˝* 3 

15* ∑
∞

=
++

1
11 2

3cos
2

1sin
n

nn
 

%a›] Ê`“S›◊ªRÙOÃ[˝ %◊\ˆaÁ◊Ã[˝±ºˆ 

YÃ[˝›l˘Á EıÃ[˝”X* 3 

16* ]„X EıÃ[˝”X A, IR-A ]«N˛ ÂaªRÙO A[˝e ⊂(S  IR ) A]X Â^ 

φ=∩SA * ÂVFÁX Â^ φ=′∩SA  (AFÁ„X S ′ , S-AÃ[˝ 

%‹ôˆÃ[˝Eı◊_Tˆ ÂaªRÙO Â[˝ÁMıÁÃ^)* 3 

17* ÂVFÁX Â^ 2sinx ,IR -A a]a‹ôˆTˆ XÃ^* 3 
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18* ]„X EıÃ[˝”X ),1( nHn −=  Â^FÁ„X Nn ∈ A[˝e 

),0[ ∞=G * ÂVFÁX Â^ ∪
∞

=

⊂
1n

nHG ◊Eı‹ô«ˆ                  

∈nHn :{  ù }-AÃ[˝ A]X ÂEıÁX aa›] =Y-a]◊rÙ (sub-

collection) ÂXc˜O ^Á G-AÃ[˝ %Á[˝Ã[˝S› c˜„Tˆ YÁ„Ã[˝˝* 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

( English Version ) 
Group – A 

   Answer any two questions. 10 × 2 = 20 
1. a) Let A and B be two non-void bounded 

subsets of IR. Show that 
BABA inf inf)(inf +=+ , where 

},|{ BbAabaBA ∈∈+=+ . 3 

 b) State Bolzano-Weierstrass theorem on 
sequence and verify it for the sequence 

πnnan cos11 ⎟
⎠
⎞⎜

⎝
⎛ += . 1 + 2 

 c) Let 
nan
1...

2
1

1
11 +++= . Examine 

whether nna }{  is a Cauchy sequence in IR.  

   4  

2. a) Let  

                    x
πsin  , 10 ≤< x   

                         0,    x = 0 

  Examine whether f is a bounded variation 
in [0,1]. 3 

 b) If A (⊂  IR ) be a countable set, prove that     
A × A is also countable. 3 

 c) Let f : [ 0, 1 ] → [ 0, 1 ] be a continuous 
function. Show that there exists a point 

]1,0[∈c  such that 2)( ccf = . 4 

f ( x ) = 
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3. a) Find the radius of convergence of the power 

series ...
4242

1
432
+⎟

⎠
⎞⎜

⎝
⎛+⎟

⎠
⎞⎜

⎝
⎛+⎟

⎠
⎞⎜

⎝
⎛++ xxxx . 3 

 b) Prove that the derived set of an arbitrary 
point set ⊂(E IR ), is a closed set. 3 

 c) Let nnn ba }],[{  be a sequence of closed and 

bounded intervals in IR such that each is 
contained in preceding. Show that 

∩
Nn

nn ba
∈

≠ φ],[ . 4 

4. a) Let nna }{  be defined by the recursive 

formula 11 << aa , 
n

n aa
−

=+ 2
1

1  for all 

1≥n . Prove that nna }{  is convergent and 

find its limit. 2 + 1 

 b) Let n

n
n x

xxf 2

2

1
)(

+
= , ∈x IR. Is nnf }{  

uniformly convergent on IR ? Justify your 
answer. 3 

 c) Let ∑
∞

= +
=

1
24

1)(
n xn

xf . Prove that (i) f is 

continuous throughout the number scale, 

(ii) ∑∫
∞

=

∞
=

1
2

0

1
2

d)(
n n

xxf π . 2 + 2 

Group – B 

   Answer any three questions. 6 × 3 = 18 

5. Let f, g be of bounded variation (BV) in [ a, b ]. 
Prove that fg, defined by )()()()( xgxfxfg =  for all 

],[ bax ∈ , is of BV over [ a, b ]. Moreover there 
are real constants A, B such that  

 )()()( fBVgAVfgV b
a

b
a

b
a +≤ ,  

 symbols have their usual meaning. 6  

6. a) Show that the series nxe
n

nx cos
0

∑
∞

=

−  is 

term-by-term differentiable in [ a, b ] where 
bxa ≤≤<0 . 

 b) Let 

⎪
⎪

⎩

⎪
⎪

⎨

⎧

≤<

≤<−

≤≤

=

12,0

21),2(

10,

)(

2

xn

nxnnxn
nxxn

xfn  

  Examine whether 

xxfn
limxxfn

lim
nn d)(d)(

1

0

1

0
∫ ∫ ⎭⎬

⎫
⎩⎨
⎧

∞→=∞→ . 3 + 3 

7. Let xvuyxvuf −+=),,,( , uyxyxvug +−=),,,( , 

yxvuyxvuh 352),,,( −+−= . Show that f, g, h 
are functionally related. 6 
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8. a) Prove that the union of an arbitrary 
collection of open sets in IR, is an open set 
in IR. 

 b) Let 
1)1(

2
cos2

+−
⎟
⎠
⎞⎜

⎝
⎛=

n

n
na π , ∈n ù. Find 

nalim , naiml . 4 + 2 

9. Let ρ  be the radius of convergence of ∑
∞

= 0n

n
nxa  

and ∑
∞

= 0n

n
na ρ  is convergent. Prove that the 

power series is uniformly convergent in ],0[ ρ . 6 

10. Let 
⎩
⎨
⎧

≥−
<= ||||,

||||,),( xyx
xyxyxf  

 Examine whether f is differentiable at (0,0). 6 

Group – C 

   Answer any four questions. 3 × 4 = 12 

11. Test for the existence of implicit function in a 
neighbourhood of the indicated point : 

 0132 =−++ ylnxlnxy , (1,1). 3 

12. Find the sum of the series ∑
∞

=

+
0

)3(
k

kxk . 3 

13. Let ),( yxu  be such that ),( yxmuyuxu yx =+ , 

)0( ≠m  and 0=+ yyxx uu . Let second order 

partial derivatives of u are continuous. Let 

),( yxv  be defined by )(),( 1
yx xuyumyxv −= − . 

Prove that 0=+ yyxx vv . 3 

14. Let f : [ a, b ] → IR be continuous in [ a, b ]. Prove 
that f attains its bounds in [ a, b ]. 3 

15. Examine for the convergence of the infinite series 

∑
∞

=
++

1
11 2

3cos
2

1sin
n

nn . 3 

16. Let A be an open set in IR and ⊂(S  IR ) be such 

that φ=∩SA . Show that φ=′∩ SA  ( Here S ′  
denotes the derived set of S ). 3 

17. Show that 2sinx  is not uniformly continuous   
on IR. 3 

18. Let ),1( nHn −= , where Nn ∈  & ),0[ ∞=G . 

 Show that ∪
∞

=

⊂
1n

nHG  but there exists no finite 

sub-collection of ∈nHn :{  ù }, which covers G. 3 

    


