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UNIVERSITY OF NORTH BENGAL 

B.Sc. Programme 3rd Semester Examination, 2023 

DSC1/2/3-P3-MATHEMATICS 

ALGEBRA 

(REVISED SYLLABUS 2023) 

Time Allotted: 2 Hours Full Marks: 60 

The figures in the margin indicate full marks.

 GROUP-A / / समूह-क  

1. Answer any four questions: 

 
कुनै चारवटा का उ र दऊे : 

3×4 = 12 

 (a) Show that 0 is an eigenvalue of a matrix A if and only if A is singular. 3 
 0 A A   

 मेि स A को 0 एउटा eigenvalue भएमा  A singular ह छ भनी माण गर ।  

(b) Find the values of 31)1( i . 3 

 31)1( i -   

 31)1( i  को मानह  िनणय गर ।  

(c) If 










68

34
A , then using Cayley-Hamilton theorem, show that AA  1920 2 . 3 

 
AA  1920 2 











68

34
A  

 

 











68

34
A  भए, Cayley-Hamilton  को उपपा  योग गरी माण गर : AA  1920 2 .

 

(d) Prove that the composition of two mappings is associative. 3 

   

 दईुवटा map ह को composition associative ह छ भनी माण गर ।  

(e) Prove that 9 divides 343 1  n  for all positive integers n. 3 

 343 1  n n 9   

 सब ैधना मक पूणसं या n को िनि त 9 ले 343 1  n
 लाई भाग गछ भिन माण गर ।  

(f) Give an example of a binary relation which is reflexive and symmetric but not 
transitive. 

3 

 reflexive symmetric transitive   

 Reflexive अिन symmetric हने तर transitive नहने एउटा ि क (binary) स ब धको उदाहरण दऊे ।  
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 GROUP-B / / समूह-ख  

2. Answer any four questions: 

कुनै चारवटा का उ र दऊे :

6×4 = 24 

(a) (i) Apply Descarte’s rule of sign to determine the nature of the roots of the equation 

010716 24  xxx . 

3 

 

010716 24  xxx  
 

  Descarte को िच हह को िनयम ारा समीकरण 010716 24  xxx  को मूलह को कृित िनणय गर ।  

 (ii) Solve the equation 0863 23  xxx  if the roots are in A.P. 3 

 0863 23  xxx    

  समीकरण 0863 23  xxx  को मूलह  अकंगिणतीय गित (AP) मा रहेको छ भन ेमूलह  िनणय गर ।  

  (b) (i) Solve by Cardan’s method: 035183  xx . 4 
 035183  xx    

  Cardan  को प ित ारा समाधान गर : 035183  xx   

 (ii) State the Fundamental theorem of classical algebra. 2 
   

  Fundamental Theorem of Classical Algebra उ लेख गर ।  

  (c) Let a and b be two integers and m be a positive integer. Prove that if )(mod mba   

then )(mod mba nn   for any positive integer n. Is the converse of this statement 
true? Justify your answer. 

3+3 

 a b m )(mod mba   
n )(mod mba nn 

 

 

 a अिन b पूणसं याह  अिन m चािह ँधना मक पूणसं या हन् । )(mod mba  भए धना मक पूणसं या 

n को िनि त माण गर: )(mod mba nn   । यो कथनको उ टा सही ह छ होला । िव तार गर ।

 

(d) Determine the conditions for which the following system of equations has  
 

(i) unique solution, 
  
(ii) no solution and 
  
(iii) many solutions. 
  
  124  zyx  
  bzyx 2572   
  121094  bzyx  

6 

 समीकरण समूह 124  zyx  

   bzyx 2572   
  121094  bzyx  को 
कुन शतह को भावमा 
(i) एकमा  समाधान ह छ 

(ii) समाधान नै हदैँन 

(iii)  एकभ दा बड़ी समाधान ह छ । 
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(e) (i) Prove that 2 ii . 4 
 2 ii   

  माण गर : 2 ii  

  (ii) Define a partial order relation and give an example of it. 2 

   

  आंिशक म स ब ध (partial order relation) को प रभाषा साथ ैउदाहरण दऊे ।  

(f) (i) If a, b, c are positive real numbers, not all equal, then prove that 

 a, b, c 
a, b, c  िविभ न धना मक वा तिवक सं याह  भए माण गर : 

  abcabcabccba 9)()(   

4 

  (ii) State the Cauchy-Schwartz inequality. 2 
 ‘Cauchy-Schwartz’   

  Cauchy-Schwartz inequality उ लेख गर ।  

   

 GROUP-C / / समूह-ग  

3. Answer any two questions: 
 

कुनै दुईवटा का उ र दऊे :

12×2 = 24 

(a) (i) Find the eigenvalues and eigenvectors of the matrix: 

 

  


















022

122

113

 

6 

 

 मेि स 


















022

122

113

 को eigen मानह  अिन eigen सिदशह  िनणय गर । 

 

 (ii) If )tan( iyxivu  , then show that 12cot222  xuvu . 6 

 )tan( iyxivu   12cot222  xuvu .  

  )tan( iyxivu  भए, माण गर : 12cot222  xuvu .  

(b) (i) Find the rank of the matrix: 

  

   

















3663

6842

0121

A  

4 

 

 

















3663

6842

0121

A  को rank िनणय गर । 

 

 (ii) Let BAf :  and CBg :  be two mapping. If fg is bijective then prove 
that  f  is injective and g is surjective. 

6 
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 BAf :  CBg :  fg

f g  
 

  BAf : अिन CBg : दईुवटा map ह  हन् । यिद fg  bijective भए f  injective  

तथा g surjective ह छ भनी माण गर ।
 

 (iii) Give an example of a surjective mapping which is not injective. 2 

   

  Surjective हने तर injective नहने एउटा map को उदाहरण दऊे ।  

  (c) (i) Prove by induction that 64 divides 189  nn  for all non-negative integers n. 4 
 189  nn n

64  

 

  सब ैगैर नकारा मक (non-negative) पूणसं या n  को िनि त 64 ले 189  nn लाई भाग गछ भनी 
माण गर ।

 

 (ii) Find the )125,360(gcd  and express it in the form ts 125360  , where s and t are 
integers. 

4+4 

 )125,360( ts 125360  s t 
 

 

  )125,360(gcd को मान िनणय गर । s अिन t पूणसं याह  िनणय गर जहा ँ )125,360(gcd   

= ts 125360   ह छ ।
 

  (d) (i) Let  









6475213

7654321
  and  










1467352

7654321
  

 be two elements of 7S . Examine whether   and 1  are even permutations. 

4+4 

 








6475213

7654321
 








1467352

7654321
  

7S -   1   

 

 
 7S का दईुवटा त वह  










6475213

7654321
 अिन 











1467352

7654321
 भए  अिन 1 जोड़ी permutation ह छ िक हदैँन जाचँ गर ।

 

 (ii) Find the inverse of the following matrix using elementary row operations. 

 1A , 

  

















113

321

210

A  

4 

 

 ाथिमक पङ्ि  स चालनको सहायताले

















113

321

210

A को inverse िनणय गर । 

 

 
——×—— 
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UNIVERSITY OF NORTH BENGAL 

B.Sc. Programme 3rd Semester Examination, 2023 

DSC1/2/3-P3-MATHEMATICS 

REAL ANALYSIS 

(OLD SYLLABUS 2018) 

Time Allotted: 2 Hours Full Marks: 60 

The figures in the margin indicate full marks.

 GROUP-A / / समूह-क  

1. Answer any four questions: 

 
कुनै चार का उ र दऊे । 

3×4 = 12 

(a) Prove that 1lim 


n

n
n . 3 

 1lim 


n

n
n   

 1lim 


n

n
n ह छ भनी माण गर ।  

(b) Find suplim  and inflim  of 






 

n

n)1(
. 3 

 







 

n

n)1( - suplim  inflim  
 

 







 

n

n)1(
 को suplim  र inflim  िनकाल ।

 

(c) Show that every convergent sequence is bounded. Give an example to show that 
converse of the above result is not always true. 

3 

 

 
 

 येक अिभकेि त अनु म बािँधएको (bounded) छ भनी माण गर । मािथको प रणयको उ टो सधँ ैस य 

हदनै भनी एउटा उदाहरण िदएर माण गर ।
 

(d) Test the convergence of the series 






 222 43

1
32

1
21
1

. 3 

 








 222 43

1
32

1
21
1  

 

 
ेिण म 







 222 43
1

32
1

21
1

 को अिभके नको जाचँ गर ।
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(e) Prove that a finite set is always closed. 3 

   

 एउटा िसिमत सेट सधँ ैclosed ह छ भनी माण गर ।  

(f) Show that the set  nnS :11{ ℕ  nn :1{} ℕ} is not a closed set. 3 

 
 nnS :11{ ℕ  nn :1{} ℕ}   

 
सेट  nnS :11{ ℕ  nn :1{} ℕ} एउटा closed सेट होइन भनी माण गर ।

 

   

 GROUP-B / / समूह-ख  

2. Answer any four questions: 

कुनै चार का उ र दऊे :

6×4 = 24 

(a) (i) Find the set of all limit points of the set 






  nm

nmS ,:
3
1

2
1

 .  4+2 

 







  nm

nmS ,:
3
1

2
1

 limit point  
 

 
 सेट 







  nm

nmS ,:
3
1

2
1

को सब ैlimit िब दहु को सेट िनणय गर ।
 

 (ii) Show that the set }21:{  xx  is an open set.  

 }21:{  xx  open set.  

  सेट }21:{  xx एउटा open सेट हो भनी माण गर ।  

(b) (i) Use comparison test to prove that the series 






1

2

n

ne  is convergent.  4+2 

 
Comparison test 







1

2

n

ne   
 

 
 ेणी म 







1

2

n

ne अिभकेि त छ भनी comparison परी ण ारा माण गर ।
 

 
(ii) Investigate the convergence or divergence of the series 



1
2

sin

n n
n , where 0 . 

 

 



1
2

sin

n n
n , 0   

 

 
 ेणी म 



1
2

sin

n n
n , 0 को अिभके  र divergence जाचँ गर ।

 

(c) Prove that the sequence }{ nu  defined by 71 u  and nn uu  71  for all 1n  

converges to the positive root of the equations 072  xx . 

6 

 }{ nu 072  xx  71 u  
nn uu  71 , 1n . 

 

ℕ 

ℕ 

ℕ 
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 71 u र  nn uu 71 1n  ले प रभािषत अनु म }{ nu समीकरण 072  xx को 
मूलमा अिभकेि त गछ भनी माण गर ।

 

(d) Show that every bonded infinite subset of ℝ has at least one limit point in ℝ. 6 

 ℝ limit point ℝ-  

 ℝ को सब ैbonded अन त उपसेट को कम स ेकम ℝ मा एउटा limit िब द ुछ भनी माण गर ।  

(e) State and prove Leibnitz’s test for alternating series. 6 

 Alternating Leibnitz’s test   

 वैकि पक ेणी मको लागी Leibnitz को परी ण उ लेख अिन माण गर ।  

(f) State and prove nested interval theorem. 6 

 nested interval theorem   

 ने टेड अ तरल उपपा  उ लखे अिन माण गर ।  

   

 GROUP-C / / समूह-ग  

3. Answer any two questions: 

 
कुन ैदुई का उ र दऊे ।

12×2 = 24 

(a) (i) Prove that arbitrary intersection of closed sets is closed. Examine whether infinite 
union of closed sets is closed or not. 

6+4+2 

   

  Closed सेटह को वे छ ित छेदन ्closed हो भनी माण गर । Closed सेटह को अिसिमत संघ 

closed हो वा होइन जाचँ गर । 
 

 (ii) Suppose E be a closed and F be a compact subsets of ℝ. Prove that FE   is 
compact.   

 

  E F, ℝ E closed F compact  
FE   compact

 

  आ नौ ℝ को E एउटा closed र F एउटा compact उपसेट हो । FE   compact हो भनी माण 

गर । 
 

 (iii) Give an example of an infinite set in ℝ which is neither an open set nor a closed 
set. 

 

  ℝ (open set)  

  ℝ मा भएको एउटा अिसिमत सेटको उदाहरण देऊ जो ना open ना  closed सेट हो।  

(b) (i) State and prove Bolzano-Weierstrass Theorem.  6+3+3 

  Bolzano-Weierstrass Theorem  

  Bolzano-Weierstrass उपपा  उ लेख अिन माण गर ।  

 (ii) Show that 3lim 


n
n

x , where 
nn

nxn 5
3


 .   

  3lim 


n
n

x
nn

nxn 5
3


 .  

  
nn

nxn 5
3


  छ । माण गर 3lim 


n
n

x .  
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 (iii) Test the convergence of the series nx , where 11 44  nnxn .  

  nx  11 44  nnxn
 

  ेणी म nx जहा ँ 11 44  nnxn को अिभके न जाचँ गर ।  

(c) (i) Prove that a Cauchy sequence of real numbers is convergent. 6+2+4 

  Cauchy  

  वा तिवक सं याह को Cauchy अनु म अिभकेि त छ भनी माण गर ।  

 
(ii) Prove that 









n
1

 is a Cauchy sequence.  
 

 
 









n
1  Cauchy   

 
 









n
1

एउटा Cauchy अनु म हो भनी माण गर । 
 

 
(iii) Show that the series 






1

1 1
)1(

n

n

n  is convergent.  
 

 
 






1

1 1
)1(

n

n

n  
 

 
 ेणी म 






1

1 1
)1(

n

n

n  अिभकेि त छ भनी माण गर । 
 

(d) (i) For a positive integer m, show that the two series  321 uuu  and 

  21 mm uu  converge or diverge together.    

4+2+6 

  m  321 uuu  
  21 mm uu  

 

  एउटा धना मक पूणाक m को लागी दईुवटा ेणी म  321 uuu  र   21 mm uu  एकै 

साथमा converge अथवा diverge गछ भनी माण गर । 
 

 (ii) Prove that the series  1n
n  is divergent.  

   1n
n   

  ेणी म  1n
n  divergent हो भनी माण गर ।  

 
(iii) Examine the convergence of the series 

32

32 xx
x   ,   0x . 

 

  


32

32 xxx    ,    0x

 

 
 ेणी म 

32

32 xx
x  ,   0x को अिभके न को जाचँ गर । 

 

 
——×—— 

 

 


