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

 ◊Qˆ„a∂ëˆÃ[˝, 2015 C L«X, 2016 

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 A, IR-AÃ[˝ %`…XÓ a›]Á[˝à˘ =Y„aªRÙO*    

]„X EıÃ[˝”X },|:|{ AyAxyxF ∈∈−= .  

  A Âa‰ªRÙOÃ[˝ a›]Á•„Ã^Ã[˝ aÁc˜Á„^Ó sup F ◊XW˝ÔÁÃ[˝S EıÃ[˝”X*   

   3 

 (F) ]„X EıÃ[˝”X [˝Áÿôˆ[˝ aeFÓÁÃ[˝ %X«y‘] nna }{  `…XÓ 

%◊\ˆ]«„F %◊\ˆaÁÃ[˝› A[˝e [˝Áÿôˆ[˝ aeFÓÁÃ[˝           

%X«y‘] nnb }{  IR-A a›]Á[˝à˘ %X«y‘]*                

nnnba }{ %◊\ˆaÁÃ[˝› ◊EıXÁ YÃ[˝›l˘Á EıÃ[˝”X* 3 

 (G) ∑
n

xn /1 Ê`“S›◊ªRÙO Y“Vw¯, ∈x  IR. a◊PˆEı ◊[˝[˝ ◊Tˆ◊ªRÙO 

^«◊N˛ac˜ ◊_F«X : 4 

i) Ê`“S›◊ªRÙO a[˝Ôyc˜O %◊\ˆaÁÃ[˝› 

ii) Ê`“S›◊ªRÙO ÂEıÁ„XÁ Âl˘‰yc˜O %◊\ˆaÁÃ[˝› XÃ^ 

iii) –1 < x < 0-AÃ[˝ Âl˘‰y Ê`“S›◊ªRÙO %◊\ˆaÁÃ[˝›  

iv) x > 1 c˜„_ Ê`“S›◊ªRÙO %◊\ˆaÁÃ[˝›* 

2* (Eı) ]„X EıÃ[˝”X [˝Áÿôˆ[˝ ]ÁX ◊[˝◊`rÙ %„Yl˘Eı f,  p ◊[˝≥V«„Tˆ 

a‹ôˆTˆ A[˝e f-AÃ[˝ aep˚ÁÃ[˝ %á˚„_Ã[˝ %‹ôˆ\«ˆ¤N˛ p-AÃ[˝ 

Y“◊Tˆ◊ªRÙO aÁ]›„YÓ W˝XÁ±¡Eı C @SÁ±¡Eı =\ˆÃ^ ]ÁXc˜O 

Y◊Ã[˝G–c˜ Eı„Ã[˝* )( pf -AÃ[˝ ]ÁX ◊XW˝ÔÁÃ[˝S EıÃ[˝”X* 3 

 (F) ]„X EıÃ[˝”X )1,0(≡S , \«ˆ_ UÁEı„_ ae„`ÁW˝X EıÃ[˝”X 

[˝Á a◊PˆEı UÁEı„_ ^«◊N˛ ◊VX : 

   ∪
∞

=
⎟
⎠
⎞

⎜
⎝
⎛

1
1,1

p
p , S-AÃ[˝ AEı◊ªRÙO ]«N˛ %Á[˝Ã[˝S› ◊Eı‹ô«ˆ c˜Oc˜ÁÃ[˝ 

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

YÁ„Ã[˝ XÁ* 3 
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 (G) ]„X EıÃ[˝”X 
nn x

xf
+

=
1

1)( . ÂVFÁX Â^ 

nn xf })({ , %‹ôˆÃ[˝Á_ [ 0, 1 ]-A a]-%◊\ˆaÁÃ[˝› XÃ^ 

◊Eı‹ô«ˆ 0 < a < 1-AÃ[˝ Âl˘‰y [ 0, a ]-ÂTˆ a]-%◊\ˆaÁÃ[˝› 

c˜„[˝* 2 + 2 

3* (Eı) ]„X EıÃ[˝”X ξ  %a›] ÂaªRÙO ⊂(S  IR )-AÃ[˝ AEı◊ªRÙO a›]Á 

◊[˝≥V«* ÂVFÁX Â^ ξ -AÃ[˝ %‹ôˆ\«ˆ¤◊N˛ ac˜ Â^ ÂEıÁ„XÁ ]«N˛ 

%‹ôˆÃ[˝Á_ ),( βα -ÂTˆ S-AÃ[˝ %a›] aeFÓEı ◊[˝≥V« 

%‹ôˆ\«ˆ¤N˛ UÁEı„[˝* 3 

 (F) ]„X EıÃ[˝”X →]1,0[:f IR a‹ôˆTˆ A[˝e a]G– %‹ôˆÃ[˝Á„_ 

£W˝«]Áy ]…_V ]ÁX Y◊Ã[˝G–c˜ Eı„Ã[˝* ^◊V 
3
1=x -AÃ[˝ 

Âl˘‰y 3)( =xf  c˜Ã^, ÂVFÁX Â^ [ 0, 1 ]-AÃ[˝ a[˝Ôyc˜O 

3)( =xf  c˜„[˝* 3 

 (G) ]„X EıÃ[˝”X →],[: baf IR AEı◊ªRÙO AEıÁXüÃ^› 

y‘][˝W˝Ô]ÁX %„Yl˘Eı A[˝e a < c < b. ÂVFÁX Â^ 

)0( +cf  C )0( −cf  =\ˆ„Ã^Ã[˝c˜O %◊ÿôˆ±ºˆ %Á‰ªK˜* 

   2 + 2 

4* (Eı) ]„X EıÃ[˝”X →],[: baf  IR, [ a, b ]-ÂTˆ 

%[˝Eı_X„^ÁGÓ A[˝e [ a, b ]-ÂTˆ f ′  a›]Á[˝à˘* Y“]ÁS 

EıÃ[˝”X Â^ f,  [ a, b ]-ÂTˆ a›]Á[˝à˘ Â\ˆV^«N˛ c˜„[˝* 3 

 (F) ]„X EıÃ[˝”X %X«y‘] nn xf })({ , ÂaªRÙO ⊂(S  IR )-A 

a›]Á %„Yl˘Eı f %◊\ˆ]«„F a]\ˆÁ„[˝ %◊\ˆaÁÃ[˝› A[˝e 

Y“◊Tˆ )(xfn , S-A a›]Á[˝à˘* ÂVFÁX Â^ f, S-A 

a›]Á[˝à˘ c˜„[˝*
 

3 

 (G) ÂVFÁX Â^ ∑
∞

=
⎟
⎠
⎞⎜

⎝
⎛ −

1

1cos1
n

n
 
Ê`“S›◊ªRÙO %◊\ˆaÁÃ[˝› ◊Eı‹ô«ˆ 

∑
∞

=1
2

sin
n

n
π

 
Ê`“S›◊ªRÙO %YaÁÃ[˝›* 2 + 2 

◊[˝\ˆÁG — Fı 

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

5* ]„X EıÃ[˝”X f : S → IR Â^FÁ„X ⊂S IR 2  A[˝e Sba ∈),( . 

]„X EıÃ[˝”X ),( bafx -AÃ[˝ %◊ÿôˆ±ºˆ %Á‰ªK˜ A[˝e yf , ( a, b ) 

◊[˝≥V«„Tˆ a‹ôˆTˆ* Y“]ÁS EıÃ[˝”X Â^ f, ( a, b )-ÂTˆ 

%[˝Eı_X„^ÁGÓ*  

6* ]„X EıÃ[˝”X %a›] Ê`“S› ∑
n

n xf )(

 
ÂaªRÙO ∈x ⊂(S IR)-A  

%„Yl˘Eı )(xf  %◊\ˆ]«„F a]\ˆÁ„[˝ %◊\ˆaÁÃ[˝›* ]„X EıÃ[˝”X 

p,  S-AÃ[˝ a›]Á◊[˝≥V« A[˝e nn axfpx
lim =→ )( , aEı_   

∈n -AÃ[˝ LXÓ*  ÂVFÁX Â^ (i) ∑
∞

=1n
na  %◊\ˆaÁÃ[˝›,                  

(ii) ∑
∞

=

=→
1

)(lim

n
naxfpx . 3 + 3 
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7* (Eı) Y“]ÁS EıÃ[˝”X Â^ AEıc˜O %‹ôˆÃ[˝Á„_ C AEıc˜O %„Yl˘Eı-

]ÁX ◊[˝◊`rÙ V«◊ªRÙO Y UEı HÁTˆ Ê`“S›Ã[˝ %◊ÿôˆ±ºˆ ÂXc˜O* 2 

 (F) xe -AÃ[˝ HÁTˆ Ê`“S› [˝Ó[˝c˜ÁÃ[˝ Eı„Ã[˝ EıÁÃ[˝Sac˜ ]ÁX ◊XSÔÃ^ 

EıÃ[˝”X :  

  (i)  x
e

x
lim x 1

0
−

→    (ii)  nxxex
lim −

∞→ . 2 + 2  

8* ]„X EıÃ[˝”X 

         )(log)( 2222 yxyx ++ , 022 ≠+ yx  

                                 0,                     022 =+ yx  

 ÂVFÁX Â^ )0,0()0,0( yxxy ff =
 
◊Eı‹ô«ˆ xyf , yxf

 
ÂEı=c˜O 

Schwarz =YYÁ„VÓÃ[˝˝ `Tˆ¤Á[˝_› Y…Ã[˝S Eı„Ã[˝ XÁ* 3 + 3 

9* Y“]ÁS EıÃ[˝”X Â^ IR-A Y“◊Tˆ◊ªRÙO a›]Á[˝à˘ y‘„]Ã[˝ %‹ôˆTˆ AEı◊ªRÙO 
%◊\ˆaÁÃ[˝› %X«y‘] %Á‰ªK˜* 

10* Y“]ÁS EıÃ[˝”X Â^ IR-A Y“◊Tˆ◊ªRÙO YÃ[˝] %◊\ˆaÁÃ[˝› Ê`“S›„Eı V«◊ªRÙO 

W˝XÁ±¡Eı %◊\ˆaÁÃ[˝› Ê`“S›Ã[˝ %‹ôˆÃ[˝Zı_ ◊c˜„a„[˝ Y“EıÁ` EıÃ[˝Á ^ÁÃ^ 

A[˝e `Tˆ¤ÁW˝›X %◊\ˆaÁÃ[˝› Ê`“S›„Eı V«◊ªRÙO %YaÁÃ[˝› Ê`“S›Ã[˝ 

%‹ôˆÃ[˝Zı_ ◊c˜„a„[˝ Y“EıÁ` EıÃ[˝Á ^ÁÃ^* 3 + 3 

◊[˝\ˆÁG — Gı 

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

11* %‹ôˆ◊XÔ◊c˜Tˆ %„Yl˘„EıÃ[˝ %◊ÿôˆ±ºˆ C %XXÓTˆÁ a+◊EÔıTˆ 

=YYÁVÓ◊ªRÙO ◊X∂oˆ Âl˘‰y =◊{◊FTˆ ◊[˝≥V«„Tˆ Y“^«N˛ c˜„Tˆ YÁ„Ã[˝ 

◊EıXÁ YÃ[˝›l˘Á EıÃ[˝”X :  

 0)(8)( 22222 =−−+ yxyx , )1,3( . 

12* LÓÁEı[˝›Ã^ Yà˘◊Tˆ Y“„Ã^ÁG Eı„Ã[˝ ÂVFÁX Â^, 

gzxfyzhxyczbyax 222222 +++++ -ÂEı V«◊ªRÙO               

x, y, z -AÃ[˝ AEı]Á◊≈yEı =dYÁV„EıÃ[˝ mSZı_ ◊c˜„a„[˝ Y“EıÁ` 

EıÃ[˝Á ÂG„_ 0=
cfg
fbh
gha

 
c˜„[˝* 

13* Y“]ÁS EıÃ[˝”X Â^ aa›] aeFÓEı [˝à˘ Âa‰ªRÙOÃ[˝ ⊂( IR ) ae„^ÁG 

[˝à˘ ÂaªRÙO* 

14* Y“]ÁS EıÃ[˝”X Â^ ÂaªRÙO }10:{ <<= xxE GSX„^ÁGÓ XÃ^* 

15* Y“]ÁS EıÃ[˝”X Â^ 
x
1sin  , ),0( ∞ -ÂTˆ a]a‹ôˆTˆ XÃ^* 

16* ÂVFÁX Â^, Â^-ÂEıÁ„XÁ 1≥α -AÃ[˝ LXÓ 

...
4
1

3
1

2
11 +−+−

ααα
Ac˜O Ê`“S›◊ªRÙO %◊\ˆaÁÃ[˝› A[˝e     

AÃ[˝ Â^ÁGZı_ 
2
1  A[˝e 1-AÃ[˝ ]„W˝Ó %[˝◊ÿöˆTˆ* 

17* ]„X EıÃ[˝”X →],[: baf IR ba <<0( %U[˝Á 

)0<< ba AÃ[˝÷Y aep˚ÁTˆ %Á‰ªK˜ Â^ xxxf
2

cos)( π=

c˜„[˝* f, [ a, b ] ÂTˆ a›◊]Tˆ Â\ˆV^«N˛ ◊EıXÁ YÃ[˝›l˘Á EıÃ[˝”X* 

18* ÂVFÁX Â^, ∑
∞

=

+

1 2.

)1(

n
n

n

n

x  Ê`“S›◊ªRÙO 13 <≤− x -A a]-

%◊\ˆaÁÃ[˝› c˜„[˝* 

 
 

 
 
 

f ( x, y  )= 
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 ( English Version ) 
Group – A 

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

Let },|:|{ AyAxyxF ∈∈−= . Obtain an 

expression of sup F in terms of bounds              
of A. 3 

 b) Let the sequence of real numbers nna }{   

converges to zero and the sequence of real 

numbers nnb }{  be bounded in IR. Examine 

the convergence of nnnba }{ . 3 

 c) Given a series ∑
n

xn /1   where ∈x  IR. 

Choose the correct statement from the 
following with reason : 4 
i) The series is everywhere convergent 
ii) The series is nowhere convergent 
iii) The series is convergent                  

when –1 < x < 0 

iv) the series is convergent for x > 1. 
2. a) Let the real-valued function f be continuous 

at p and in every neighbourhood of p, 

contained in the domain of f,  )( xf  
assumes both positive and negative values. 

Find the value of )( pf . 3 

 b) Let )1,0(≡S . Correct or justify : ∪
∞

=
⎟
⎠
⎞

⎜
⎝
⎛

1
1,1

p
p  

is an open cover of S but no finite sub-
collection of it covers S. 3 

 c) Let nn x
xf

+
=

1
1)( . Prove that nn xf })({  is 

not uniformly convergent in [ 0, 1 ] but is 

uniformly convergent in [ 0, a ] where              
0 < a < 1. 2 + 2 

3. a) Let ξ  be an accumulation point of an 

infinite set ⊂(S  IR ). Show that every open 

interval ),( βα  containing ξ , contains 

infinitely many elements of S. 3 

 b) Let →]1,0[:f IR be continuous and 

assumes only rational values in the entire 

interval. If 3)( =xf  at 
3
1=x , show that 

3)( =xf  everywhere in [ 0, 1 ]. 3 

 c) Let →],[: baf  IR be monotonic increasing. 

Let a < c < b. Show that both )0( +cf  and 

)0( −cf  exist. 2 + 2 

4. a) Let →],[: baf  IR  be derivable in [ a, b ] 

and let f ′  be bounded in [ a, b ]. Prove that 

f is of bounded variation in [ a, b ]. 3 
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 b) Let nn xf })({  converge uniformly to the limit 

function )( xf  on set ⊂(S  IR ) and let each 

)(xfn  be bounded on S. Show that f is 

bounded on S.
 

3 

 c) Show that the series ∑
∞

=
⎟
⎠
⎞⎜

⎝
⎛ −

1

1cos1
n

n
 is 

convergent but the series ∑
∞

=1
2

sin
n

n
π  is 

divergent. 2 + 2 

Group – B 

   Answer any three questions. 6 × 3 = 18 

5. Let f : S → IR , where ⊂S  IR 2 and Sba ∈),( . Let 

),( bafx  exist and yf  be continuous at ( a, b ). 

Prove that f is differentiable at ( a, b ).  

6. Let ∑
n

n xf )(  converge uniformly to )(xf  for all 

⊂∈ (Sx IR). Let p be an accumulation point of S 

and let nn axfpx
lim =→ )(  for all ∈n . Show that 

(i) ∑
=1n

na  is convergent, (ii) ∑
∞

=

=→
1

)(lim

n
naxfpx .  

  3 + 3 

7. a) Prove that there cannot be two different 

power series with the same interval of 

convergence and having the same sum 

function in the interval. 2 

 b) Using the power series representation of 

xe , evaluate with reasons : 

  (i)  x
e

x
lim x 1

0
−

→    (ii)  nxxex
lim −

∞→ . 2 + 2  

8. Let    

               )(log)( 2222 yxyx ++ , 022 ≠+ yx  

                                 0,                   022 =+ yx  

 Show that )0,0()0,0( yxxy ff =  but neither xyf  

nor yxf  obeys the conditions of Schwarz's 

theorem. 3 + 3 

9. Prove that every bounded sequence in IR has at 

least one convergent sub-sequence. 

10. Prove that every absolutely convergent series in 

IR can be expressed as the difference of two 

convergent series of positive terms and a 

conditionally convergent series in IR can be 

expressed as the difference of two divergent 

series. 3 + 3 

 

f ( x, y  )= 
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Group – C 
   Answer any four questions. 3 × 4 = 12 
11. Examine the applicability of the theorem on 

existence and uniqueness of implicit function 

near the point indicated : 

 0)(8)( 22222 =−−+ yxyx , )1,3(  

12. Use the method of Jacobian to show that if 

gzxfyzhxyczbyax 222222 +++++  be resolved 

into linear factors of x, y and z, then

0=
cfg
fbh
gha

. 

13. Prove that the union of finite number of closed 

sets in IR is a closed set. 

14. Prove that the set }10:{ <<= xxE  is not 

enumerable. 

15. Prove that 
x
1sin  is not uniformly continuous    

in ),0( ∞ . 

16. Show that the series ...
4
1

3
1

2
11 +−+−

ααα
 is 

convergent for any 1≥α  and its sum lies 

between 
2
1  and 1. 

17. Let →],[: baf  IR ba <<0( or )0<< ba be 

defined by 
xxxf

2
cos)( π= . Examine whether f is 

of bounded variation over [ a, b ]. 

18. Show that the series ∑
∞

=

+

1 2.

)1(

n
n

n

n

x  is uniformly 

convergent in 13 <≤− x . 

    


