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B.Sc. 2nd Semester (Honours) Examination, 2019 

MATHEMATICS 

(Real Analysis) 

Paper : 201/C-3 
  Course ID :  22111 

  Time:  2 Hours  Full Marks:  40 

The figures in the right hand side margin indicate full marks. 

  Candidates are required to give their answers in their own words 
as far as practicable. 

 1. Answer any five questions: 2×5=10 

   (a) Is the least upper bound axiom true for the set of rational numbers? Justify it. 

   (b) Give example of two uncountable sets A and B in  (the set of real numbers) such that ܣ ∩  ܤ
is countable. 

   (c) Find the derived set of the set ܵ = ቄ ଵଷ೙ + ଵସ೘ :݉, ݊ ∈ ቅ. 
   (d) Find the upper and lower limit of the sequence ቄ(−1)௡ + sin ௡గସ ቅ. 
   (e) Prove that a convergent sequence is bounded, but the convers may not be true. 1+1=2 

   (f) Examine if the set ܵ = ሼݔ ∈ ∶ sin ݔ = 0ሽ is closed in . 

   (g) Give an example to show that arbitrary union of compact sets may not be compact. 

   (h) Examine the convergence of the series 
ଵଵା௔మ − ଵଶା௔మ + ଵଷା௔మ −⋯⋯, a is real number. 

 2. Answer any four questions:  5×4=20 

   (a)  (i) Show that the derived set of a bounded set is bounded. 

     (ii) If ݕ > 0 show that there exists ݊ ∈  (the set of natural numbers) such that 
ଵଶ೙ <  5=2+3 .ݕ

   (b)  (i) Let E be a bounded set of real numbers and M be the supremum of E. If ܯ ∉  show ,ܧ

that M is a limit point of E. 

     (ii) Let ሼܽ௡ሽ be a sequence of positive real numbers with lim		ܽ௡ଵ/௡ = ∑ Prove that .ݎ ܽ௡∝௡ୀଵ  

is convergent if ݎ < 1 and divergent if ݎ > 1. 2+3=5 

   (c) Show that a bounded sequence ሼݑ௡ሽ is convergent if and only if  lim	ݑ௡ = lim	ݑ௡. 

   (d)  (i) Prove that an absolutely convergent series can be expressed as difference of two 

convergent series of positive real numbers. 

     (ii) Applying Cauchy’s general principle of convergence show that the series 

      1 + ଵଵ! + ଵଶ! + ଵଷ! + ଵସ! + ⋯+ ଵ௡! + ⋯ is convergent. 3+2=5 

   (e) Show that every infinite bounded subset of  has at least one limit point in . 
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   (f)  (i) Prove that  
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     (ii) Prove that the sequence ቄቀ1 + ଵ௡ቁ௡ቅ is a convergent. 2+3=5 

 3. Answer any one question:  10×1=10 

   (a)  (i) Prove that every bounded sequence of real numbers has a convergent subsequence. 

     (ii) Examine the convergence of the following series: 

      1 + (ఈାଵ)(ఉାଵ) + (ఈାଵ)(ଶఈାଵ)(ఉାଵ)(ଶఉାଵ) + (ఈାଵ)(ଶఈାଵ)(ଷఈାଵ)(ఉାଵ)(ଶఉାଵ)(ଷఉାଵ) + ⋯⋯, whre ߙ,  .௘ real numbersݒ	+ are ߚ

     (iii) If ∑ܽ௡ be a convergent series of positive and non-increasing terms show that lim௡→ஶ	݊ܽ௡ = 0. 4+3+3=10 

   (b)  (i) Prove that the derived set of a set is always closed set. 

     (ii) Show that lim௡→ஶ	ଵ௡ ሼ(݊ + 1)(݊ + 2)⋯ (݊ + ݊)ሽଵ/௡ = ସ௘ . 
     (iii) Prove that  is not compact. 

     (iv) Give an example of an open cover of the set (0, 5] which does not have a finite sub- 
cover. 3+3+2+2=10 

__________ 
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B.Sc. 2nd Semester (Honours) Examination, 2019 

MATHEMATICS 

(Differential Equations and Vector Calculus) 

Paper : 202/C-4 
  Course ID :  22112 

  Time:  2 Hours  Full Marks:  40 

The figures in the right hand side margin indicate full marks. 

  Candidates are required to give their answers in their own words 
as far as practicable.  

Notations and symbols have their usual meaning. 

 1. Answer any five questions: 2×5=10 

  (a) Find a unit vector, in the plane of the vectors ଓ̂ + 2ଔ̂ − ෠݇  and ଓ̂ + ଔ̂ − 2෠݇ , which is 

perpendicular to the vector 2ଓ̂ − ଔ̂ + ෠݇ . 

  (b) The differential equation (4ݔ + ݕ3 + ݔ݀(1 + ݔ3) + ݕ2 + ݕ݀(1 = 0 with (0)ݕ = 1 
represents a family of (i) Circles, (ii) Parabolas, (iii) Ellipses, (iv) Hyperbolas. Choose the 
correct answer with proper justification. 

  (c) Determine if the following functions are linearly dependent or linearly independent: 

(ݔ)݂     = 4௫, (ݔ)݃ = 4௫ାଶ, using Wronskian 

  (d) Find out the singular point(s) of the differential equation (ݔ − 1) ௗమ௬ௗ௫మ + ݔ ௗ௬ௗ௫ + ଵ௫ ݕ = 0. 

  (e) If ݎԦ = ଓ̂ݐ3 + ଶଔ̂ݐ3 + ଷݐ2 ෠݇, then find 
ௗ௥Ԧௗ௧ × ௗమ௥Ԧௗ௧మ . 

   (f) Find the equilibrium points of the system 

    
ௗ௫ௗ௧ = ଶݕ − ݔ5 + 6 

    
ௗ௬ௗ௧ = ݔ −  .ݕ

  (g) If ߙԦ × Ԧߚ = Ԧߚ × Ԧߛ = Ԧߛ × ,Ԧߙ Ԧ, then show that the vectorsߙ  .Ԧ are coplanarߛ Ԧ andߚ

  (h) Find the solution of the equation ݈ ௗమ஘ௗ௧మ + ݃θ = 0, satisfying θ = α and 
ௗ஘ௗ௧ = 0 when ݐ = 0. 

 2. Answer any four questions: 5×4=20 

  (a) Show that the function ݂(ݔ, (ݕ = ܵ   does not satisfy the Lipschitz condition on	భమݕ ∶ |ݔ| ≤ 1, 0 ≤ ݕ ≤ 1, but satisfies Lipschitz condition on ܵ ∶ |ݔ| ≤ ܽ, ܾ ≤ ݕ ≤ ܿ	(ܽ, ܾ, ܿ > 0).  
  (b) Solve: (1 + ଶ(ݔ2 ௗమ௬ௗ௫మ 	− 6(1 + (ݔ2 ௗ௬ௗ௫ + ݕ16 = 8(1 +  .ଶ(ݔ2

  (c) Solve:  
ௗమ௬ௗ௫మ 	− ݕ = ଶଵା௘ೣ by method of variation of parameter. 
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  (d) If Ԧܽ = ଶଓ̂ݐ2 + ݐ)3 − 1)ଔ̂ + ଶݐ4 ෠݇ and ሬܾԦ = ݐ) − 1)ଓ̂ + ଶଔ̂ݐ + ݐ) − 2)෠݇ , then find ׬ ൫ Ԧܽ	. ሬܾԦ൯݀ݐଶ଴  

and ׬ ൫ Ԧܽ ×	 ሬܾԦ൯݀ݐଶ଴ . 

  (e) Using the method of undetermined coefficients solve the equation 
ௗమ௬ௗ௫మ − 3 ௗ௬ௗ௫ = ݔ + ݁௫ sinݔ. 

   (f) Determine the nature of the equilibrium point of the linear system: 

    

ௗ௫ௗ௧ = ݔ
ௗ௬ௗ௧ =  . ൢݕ

    Also sketch the corresponding phase portrait in the phase plane. 2+3=5 

 3. Answer any one question: 10×1=10 

  (a) (i) Obtain the power series solution of the initial value problem (ݔଶ − ᇱᇱݕ(1 + ᇱݕݔ3 + ݕݔ = 0, 
given (0)ݕ = 4, ᇱ(0)ݕ = 6, where ݕᇱ = ௗ௬ௗ௫ 	, ᇱᇱݕ = ௗమ௬ௗ௫మ. 

    (ii) If ݔԦ = 3ܽଶଓ̂ − (ܽ + 4)ଔ̂ + (ܽଶ − 2ܽ) ෠݇  and ݕԦ = sin ܽ ଓ̂ + 3݁ି௔ଔ̂ − 3 cosܽ ෠݇ , then prove 

that 
ௗమௗ௔మ Ԧݔ)	 × (Ԧݕ = −30ଓ̂ + 14ଔ̂ + 20෠݇ at ܽ = 0. 6+4=10 

  (b) (i) Solve the following linear system: 

     

ௗ௫ௗ௧ = ݔ6 − ݕ3
ௗ௬ௗ௧ = ݔ2 +  		.	ݕ

    (ii) Solve:  
ௗమ௬ௗ௫మ 	− 2 ௗ௬ௗ௫ + ݕ = ݁ଷ௫ 

    (iii) For the curve ݎԦ = (2ܽ ݏ݋ܿ ݐ , 2ܽ ݊݅ݏ ݐ , Ԧሶݎൣ ଶ), show thatݐܾ Ԧሷݎ		 ൧	Ԧሸݎ		 = 8ܽଶܾ10=3+3+4 .ݐ 

__________ 
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B.Sc. 2nd Semester (Honours) Examination, 2019 

MATHEMATICS 

(Real Analysis) 

Paper : 203/GE-2 
  Course ID :  22114 

  Time:  2 Hours  Full Marks:  40 

The figures in the right hand side margin indicate full marks. 

  Candidates are required to give their answers in their own words 
as far as practicable. 

 1. Answer any five questions: 2×5=10 

   (a) If ܵ = ቄହ௡ ∶ ݊ ∈ ܰቅ, using Archimedian property show that ݂݊ܫ	ܵ = 0. 

   (b) Show that the set of all natural numbers is not bounded above. 

   (c) Using Cauchy’s general principle of convergence, show that the sequence ቄ ௡௡ାଵቅ௡ is 

convergent. 

   (d) Show that the sequence ሼ2௡ ∶ ݊ ∈ ܰሽ is not a Cauchy sequence. 

   (e) Find the derived set of the set ቄ1 + ଵଶ௡ ∶ ݊ ∈ ቅ. 
   (f) Define open set. Give example. 

   (g) Show that the series ∑ ଶ√௡௡మାଵ converges. 

   (h) If a series ∑ݑ௡ converges, then show that  lim௡→ஶ	ݑ௡ = 0. 

 2. Answer any four questions:  5×4=20 

   (a) If lim௡→ஶ	ݔ௡ = ݈ and lim௡→ஶ	ݕ௡ = ݉, then show that lim௡→ஶ	ሺݔ௡ݕ௡ሻ = ݈݉. 

   (b)  (i) Show that the derived set of any set in  (the set of real numbers) is closed. 

     (ii) Find the derived set of the set S, where ܵ = ቄ ଵଷ೘ + ଵଷ೙ ∶ ݉, ݊ ∈ ܰቅ. 3+2=5 

   (c)  (i) Let ሼݑ௡ሽ௡ be a null sequence and ሼݒ௡ሽ௡ be bounded. Then show that ሼݑ௡ݒ௡ሽ௡ is also a 

null sequence. 

     (ii) Apply Sandwith theorem to show that the sequence ሼݑ௡ሽ௡, where 

௡ݑ       = ଵ√௡మାଵ + ଵ√௡మାଶ +⋯+ ଵ√௡మା௡ converges to 1. 3+2=5 

   (d)  (i) If ∑ݑ௡ be a convergent series of positive terms, prove that ∑ݑ௡ଶ  is also a convergent 

series. 

     (ii) Test the convergence of ෍ ቀ ௡ଶ௡ାଵቁ௡ஶ௡ୀଵ . 3+2=5 
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   (e)  (i) Define alternating series and state Leibnitz’s test for convergence of an alternating 

series. 
     (ii) Show that the series ෌ ሺ−1ሻ௡ିଵ݊ିଵ/ଶஶ௡ୀଵ  is convergent. Examine its absolute 

convergence. 2+3=5 

   (f) Define Cauchy sequence. Show that every Cauchy sequence is convergent. 1+4=5 

 3. Answer any one question:  10×1=10 

   (a)  (i) Show that the set of all odd integers is enumerable. 

     (ii) Show that every compact subset of  is closed. 

     (iii) Show that the following series converges conditionally: 

       
ଷଵ.ଶ − ହଶ.ଷ + ଻ଷ.ସ − ⋯ . 3+4+3=10 

   (b)  (i) If S and T be any two sets, then show that ܵ ∩ ܶ ⊂ ܵ ∩ ܶ but the converse is not true. 

     (ii) Let ሼݑ௡ሽ be a convergent sequence of real numbers converging to u. Then show that the 
sequence ሼ|ݑ௡|ሽ converges to  |ݑ|. 

     (iii) Test the convergence of the series  
ଵଵ.ଶమ + ଵଶ.ଷమ + ଵଷ.ସమ +⋯ . 3+4+3=10 

__________ 
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MATHEMATICS 

(Real Analysis) 

Paper : 201/C-1B 
  Course ID :  22118 

  Time:  2 Hours  Full Marks:  40 

The figures in the right hand side margin indicate full marks. 

  Candidates are required to give their answers in their own words 
as far as practicable. 

 1. Answer any five questions: 2×5=10 

   (a) Define limit point of a set. Give an example. 

   (b) Show that ܰ × ܰ is countable, where N is the set of natural numbers. 

   (c) Show that ܵ = ቄ1, ଵଶ , ଵଷ , ଵସ , ⋯ ቅ is not a closed set. 

   (d) Show that  lim௡→ஶ	݊ଵ/௡ = 1. 

   (e) Show that the sequence ቄ ௡ାଷଶ௡ାଵቅ is bounded. 

   (f) Give an example of a bounded sequence which is not convergent. 

   (g) Show that the series 
ଵଶ + ଶଷ + ଷସ + ⋯+ ௡௡ାଵ +⋯ does not converge. 

   (h) Examine the following sets are compact or not: 

     (i) (1, 2]      (ii) [2, 3]. 

 2. Answer any four questions:  5×4=20 

   (a)  (i) Show that a point ߙ is a limit point of a set S if and only if every neighbourhood of ߙ 

contains infinitely many points of S. 

     (ii) Show that every point of a finite set is an isolated point. 3+2=5 

   (b)  (i) State Bolzano Weistrass theorem and verify it for the set ܵ = ቄ ௡௡ାଵ ∶ ݊ ∈ ܰቅ. 
     (ii) Show that union of two closed sets is closed. 3+2=5 

   (c)  (i) Show that a convergent sequence is bounded. 

     (ii) State Cauchy’s general principle of convergence of a real sequence. 3+2=5 

   (d)  (i) Define compact set. Give example. 

     (ii) Show that every finite subset of  is compact. 2+3=5 
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   (e) If  lim௡→ஶ	ݔ௡ = ݈ and lim௡→ஶ	ݕ௡ = ݉, then show that lim௡→ஶ	ሺݔ௡ − ௡ሻݕ = ݈ −݉.  

   (f) State Cauchy’s root test for a series of positive terms and also test the convergence of the 

series 
ଵଶ + ଵଷమ + ଵସయ + ⋯+ ଵሺ௡ାଵሻ೙ + ⋯⋯ 

 3. Answer any one question:  10×1=10 

   (a)  (i) Show that the set of rational numbers is countable. 

     (ii) Find the upper and lower limits of the sequence ቄሺ−1ሻ௡ + sin ௡గସ ቅ௡. 

     (iii) Show that 1 − ଵଶ! + ଵସ! − ଵ଺! + ⋯ is convergent. 4+3+3=10 

   (b)  (i) Show that the sequence ቄଵ௡ቅ is a Cauchy sequence. 

     (ii) Test the convergence of the series  
ଵଵ.ଶమ + ଵଶ.ଷమ + ଵଷ.ସమ +⋯ . 

     (iii) If S be a bounded set and T be a set such that ܶ = ሼ−ݔ	|	ݔ ∈ ܵሽ. Show that T is also 
bounded and supܶ = − inf ܵ and inf ܶ = −sup ܵ. 2+3+5=10 

__________ 
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B.Sc. 4th Semester (Honours) Examination, 2019 

MATHEMATICS 

(Multivariate Calculus) 

Paper : 402/C-9 
  Course ID :  42112 

  Time:  2 Hours  Full Marks:  40 

The figures in the right hand side margin indicate full marks. 

  Candidates are required to give their answers in their own words 
as far as practicable. 

Notations and symbols have their usual meaning. 

 1. Answer any five questions: 2×5=10 

   (a) Test the existence of the limit lim(௫,௬)→(଴,଴)	݂(ݔ, ,ݔ)݂ where ,(ݕ (ݕ = |௫|௬మ ݁ି	|ೣ|೤మ	,															= 0													, ݕ		 ≠ ݕ		0 = 0ቑ. 

   (b) Evaluate ∬݀ݕ݀ݔ over the domain bounded by the curves ݕ = ଶݕ ଶ andݔ =  .ݔ

   (c) In what direction from the point (2, 1, –1) is the directional derivative of ߮(ݔ, ,ݕ (ݖ =  ଷݖݕଶݔ
is a maximum and what is the magnitude? 

   (d) Find the total work done in moving a particle in the force field  

Ԧܨ     = ݔ2) − ݕ + ଓ̂	(ݖ + ݔ) + ݕ − ଔ̂	(ݖ + ݔ3) − ݕ2 − 	(ݖ5 ෠݇ along the circle Γ ∶ ଶݔ + ଶݕ = ݖ,9 = 0. 

   (e) Change the order of integration in ܫ = ׬ 	ݔ݀ ׬ ,ݔ)݂ ௫௫ଵ଴√ݕ݀	(ݕ . 

   (f) Examine whether the function ݂(ݔ, (ݕ = ௫௬ඥ௫మା௬మ 	 , ,ݔ) (ݕ ≠ (0, 0) 
       = 0, ,ݔ) (ݕ = (0,0) 
    is continuous or not at (0, 0). 

   (g) Find the equation of the tangent plane to the surface ݖݕݔ = 10 at the point ଓ̂ + 2ଔ̂ + 2෠݇ . 

   (h) Determine the constant p so that the vector ܣԦ = ݔ2) − ଓ̂(ݕ + ݕ݌) − ଔ̂(ݖ3 + ݔ) +  ෠݇ is(ݖ5
solenoidal. 

 2. Answer any four questions:  5×4=20 

   (a) Find the maximum or minimum value of ݂(ݔ, ,ݕ (ݖ = ௣ subject to the condition ௔௫ݖ௡ݕ௠ݔ + ௕௬ + ௖௭ = 1 by using the method of Lagrange multipliers. 

   (b) Evaluate ∭ ௗ௫ௗ௬ௗ௭ඥଵି௫మି௬మି௭మ . The field of integration being the positive octant of the sphere ݔଶ + ଶݕ + ଶݖ = 1. 

   (c) State Stoke’s theorem and apply it to prove that ׬ ݔ݀ݕ) + ݕ݀ݖ + (ݖ݀ݔ = −2√2஼  ଶ, whereܽߨ
C is the curve given by ݔଶ + ଶݕ + ଶݖ − ݔ2ܽ − ݕ2ܽ = ݔ ,0 + ݕ = 2ܽ and begin at the point (2ܽ, 0, 0) and goes at first below the z-plane. 
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   (d)  (i) If ݑ = cosିଵ ௫ା௬√௫ା√௬ , then prove that ݔ డ௨డ௫ + ݕ డ௨డ௬ + ଵଶ cot ݑ	 = 0. 

     (ii) For a differentiable vector function ܨԦ(ݔ, ,ݕ Ԧܨ prove that div curl ,(ݖ = 0. 3+2=5 

   (e) Using divergence theorem, evaluate ∬ .Ԧܨ ො݊ௌ Ԧܨ where ,ݏ݀ = ଓ̂ݔ + ଔ̂ݕ + ݖ ෠݇  and S is the closed 

surface consisting of the cone ݔଶ + ଶݕ = ݖ ଶ and the planeݖ = 1. 

   (f) Verify Green’s theorem in the plane for ׬ ሾ(2ݕݔ − ݔ݀(ଶݔ + ଶݔ) + ሿ஼ݕ݀(ଶݕ , where C is 

boundary of the region enclosed by ݕଶ = ݕ and ݔ =  .ଶ described in the positive senseݔ

 

 3. Answer any one question:  10×1=10 

   (a)  (i) If ݒ)ܨଶ − ,ଶݔ ଶݒ − ,ଶݕ ଶݒ − (ଶݖ = 0, where v is a function of x, y, z, then show that ଵ௫ 	డ௩డ௫ + ଵ௬ డ௩డ௬ + ଵ௭ డ௩డ௭ = ଵ௩ . 
     (ii) Evaluate ∬ ଶݎ sin θ݀θ݀ݎ஺  over the area A of the cardioid ݎ = ܽ(1 + cos θ). 
     (iii) Prove that ׬ ∇ሬሬԦ߮.௏  curl ܨԦܸ݀ = ׬ ൫ܨԦ × ∇ሬሬԦ߮൯. ݀ Ԧܽௌ . 4+3+3=10 

   (b)  (i) Show that ∬ .Ԧݎ ො݊	݀ݏ = 3ܸௌ , where ݎԦ = ଓ̂ݔ + ଔ̂ݕ + ݖ ෠݇  and S is the closed surface 

enclosing the volume V, ො݊ being outward drawn normal to the surface S. 

     (ii) If ݖ = ݔ)߮ − (ݐܿ + Ψ(ݔ +  where ߮ and Ψ are two differentiable functions, show ,(ݐܿ

that 
డమ௭డ௧మ = ܿଶ డమ௭డ௫మ , C being constant. 

     (iii) Let (ݔ, (ݕ = ൝ ௫య௬(௫మା௬మ)	 , ଶݔ + ଶݕ ≠ 00												, ଶݔ + ଶݕ = 0	   
      Show that ௫݂௬	(0, 0) ≠ ௬݂௫	(0, 0). 3+3+4=10 

__________ 
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B.Sc. 4th Semester (Honours) Examination, 2019 

MATHEMATICS 

[Differential Equations and Vector Calculus (GE T4)] 

Paper : 404/GE-4 
  Course ID :  42114 

  Time:  2 Hours  Full Marks:  40 

The figures in the right hand side margin indicate full marks. 

  Candidates are required to give their answers in their own words 
as far as practicable. 

Notations and symbols have their usual meaning. 

 1. Answer any five questions: 2×5=10 

   (a) State Lipschitz condition. 

   (b) Determine the nature of the phase portrait of the following linear system: 

     
(ݐ)ሶݔ = ሶݕ(ݐ)ݔ (ݐ) =  ൠ(ݐ)ݕ−

   (c) If ݎԦ(ݐ) = ଶଓ̂ݐ5 + ଔ̂ݐ − ଷݐ ෠݇ then find the value of න ቀݎԦ × ௗమ௥Ԧௗ௧మቁ ଶݐ݀
ଵ . 

   (d) Define wronskian of two differentiable functions ݂(ݔ) and ݃(ݔ) and use it to evaluate the 

wronskian of ݁௫ and ݁ି௫. 

   (e) Find the particular integral of (ܦ + 2)ଶ	ݕ = ܦ ଶ௫, whereି݁ݔ ≡ ௗௗ௫. 

   (f) Show that ݔ = 2 is a regular singular point of the differential equation 

ݔ)     − 2)ଶ ௗమ௬ௗ௫మ − ݔ)2 − 2) ௗ௬ௗ௫ + ݕݔ = 0. 

   (g) Find the value of ߣ so that the vectors 2ଓ̂ − ଔ̂ + ෠݇ , ଓ̂ + 2ଔ̂ − 3෠݇ and 3ଓ̂ + ଔ̂ߣ + 5෠݇  are 

coplanar. 

   (h) Prove that ൣ Ԧܽ × ሬܾԦ, ሬܾԦ × Ԧܿ, Ԧܿ × Ԧܽ൧ = ൣ Ԧܽ	 ሬܾԦ	 Ԧܿ൧ଶ. 

 2. Answer any four questions:  5×4=20 

   (a) Solve by the method of undetermined coefficient:  
ௗమ௬ௗ௫మ + ݕ = 2 cosݔ. 

   (b) Apply the method of variation of parameter to solve:  
ௗమ௬ௗ௫మ + ݕ9 = sec3ݔ. 

   (c)  (i) Show that if Ԧܽ × ൫ሬܾԦ × Ԧܿ൯ = ൫ Ԧܽ × ሬܾԦ൯ × Ԧܿ, then either ሬܾԦ = 0 or Ԧܿ is collinear with Ԧܽ, or ሬܾԦ 
is perpendicular to both Ԧܽ and Ԧܿ, where Ԧܽ and Ԧܿ are non-zero vectors. 

     (ii) Prove that ଓ̂ × ( Ԧܽ × ଓ̂) + ଔ̂ × ( Ԧܽ × ଔ̂) + ෠݇ × ൫ Ԧܽ × ෠݇൯ = 2 Ԧܽ where ଓ̂, ଔ̂, ෠݇  are unit vectors 

along x-axis, y-axis and z-axis. 3+2=5 
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   (d) Solve the differential equation  

ଶܦଶݔ)     − ܦݔ + ݕ(4 = ݔ sin(log௘ ܦ		ቀwhere			(ݔ ≡ ௗௗ௫ቁ. 

   (e) Solve: (ܦଷ − ଶܦ3 + ܦ4 − ݕ(2 = cosݔ 	ቀwhere		ܦ ≡ ௗௗ௫ቁ. 

   (f) Find the equilibrium point of the linear system of differential equations: 

    
ௗ௫భௗ௧ = ଵݔ3− +   ,ଶݔ2√

ௗ௫మௗ௧ = ଵݔ	2√ −  .ଶ and discuss the nature of the equilibrium pointݔ2

 3. Answer any one question:  10×1=10 

   (a)  (i) Show that the necessary and sufficient condition for a proper vector ݑሬԦ(ݐ) to have a 

constant direction is ݑሬԦ × ௗ௨ሬሬԦௗ௧ = 0. 

     (ii) Solve the following system by using operator method: 

       

ௗ௫ௗ௧ + ௗ௬ௗ௧ − ݔ2 − ݕ4 = ݁௧ௗ௫ௗ௧ + ௗ௬ௗ௧ − ݕ = ݁ସ௧ ቑ 4+6=10 

   (b)  (i) Show that ݔ = 0 is an ordinary point of the differential equation (DE) 

ଶݔ)        + 1) ௗమ௬ௗ௫మ + ݔ ௗ௬ௗ௫ + ݕݔ = 0 and hence obtain the power series solution of the DE in 

powers of x. 

     (ii) Evaluate ׬ ൫ܣԦ × .ሬԦ൯ܤ ଶଵݐ݀	Ԧܥ  where ܣԦ = 2ଓ̂ + ଔ̂ݐ − ෠݇ , ܤ = ଓ̂ݐ + 2ଔ̂ + 3෠݇ and 

Ԧܥ       = 2ଓ̂ − 3ଔ̂ + ݐ4 ෠݇ . 7+3=10 

__________ 
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The figures in the right hand side margin indicate full marks. 

  Candidates are required to give their answers in their own words 
as far as practicable. 

Notations and symbols have their usual meaning. 

 1. Answer any five questions: 2×5=10 

   (a) Prove that in a graph there are even number of vertices of odd degree. 

   (b) Define acyclic graph and show that such a graph is simple. 

   (c) Give example of a connected Eulerian graph which is not Hamiltonian. 

   (d) Find adjacency matrix and incidence matrix of the following graph. 

 

   (e) Find all spanning trees for the graph G shown below. 

 

   (f) Let G be a connected graph and ݑ, ,ݒ 	ݓ ∈ ,ݑ)݀ Show that .(ܩ)ܸ (ݒ + (ݓ,ݒ)݀ ≥  ,(ݓ,ݑ)݀
where ݀(ݔ,  .denotes the distance between the vertices x and y (ݕ

   (g) Find the minimum and maximum number of edges of a simple graph with 10 vertices and 

3 components. 

   (h) If a simple graph has atmost 2n vertices and the degree of each vertex is at least n, then show 

that the graph is connected. 
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 2. Answer any four questions:  5×4=20 

   (a)  (i) Show that a simple graph with at least two vertices has at least two vertices of the same 

degree. 

     (ii) How many edges are there in ܭ௡,௡ and ܭହ? 3+2=5 

   (b)  (i) Let G be a connected Eulerian graph. Show that every vertex of G has even degree. 

     (ii) Test whether the graph is Eulerian or not: 

 

     (iii) What is the relation between Eulerian and Semi-Eulerian graph? 3+1+1=5 

   (c) Using Dijkstra’s algorithm find the shortest path (with length) from ݒଶ to ݒହ of the following 

graph: 5 

 

   (d)  (i) Let G be a graph with n vertices ݒଵ, …,ଶݒ ,  ௡ and let A denote the adjacency matrixݒ

of G with respect to this listing of the vertices. If ܤ = ൫ܾ௜௝൯௡ൈ௡ is the matrix ܤ = ܣ + ଶܣ +⋯+ ௡ିଵ, then prove that G is connected graph if and only if ܾ௜௝ܣ ് 0 

for ݅ ് ݆. 
     (ii) A graph G has the following adjacency matrix. Verify whether it is connected. 3+2=5 

ܣ       = ێێێۏ
0ۍ 0 1 0 00 0 0 1 01 0 0 0 10 1 0 0 10 0 1 1 ۑۑے0

ېۑ
 

   (e)  (i) Define minimally connected graph. 

     (ii) Prove that a graph is minimally connected iff it is a tree. 1+4=5 

   (f) Show that a graph is bipartite if and only if it has no odd cycle. 
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 3. Answer any one question:  10×1=10 

   (a)  (i) Prove that a connected graph such that all the vertices are of even degree, is Eulerian. 

     (ii) Prove that if G be a connected graph with n vertices then the following conditions are 
equivalent: 5+5=10 

       (I) G is a tree 

       (II) G is acyclic and has ݊ − 1 edges 

      (III) G is connected and has ݊ − 1 edges  

   (b)  (i) Show that in a directed graph sum of the in-degrees and the sum of the out-degrees of 
the vertices are same. 

     (ii) Define radius and diameter of a graph. 

     (iii) Show that a graph is connected if and only if G has a spanning tree. 

     (iv) Let A be the adjacency matrix of a finite simple graph. Prove that trace (ܣ) = 0. 
       2+2+4+2=10 

__________ 
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Notations and symbols have their usual meaning. 

 1. Answer any five questions: 2×5=10 

   (a) State Picard’s theorem on solution of an Initial Value Problem (IVP), 
ௗ௬ௗ௫ = ,ݔ)݂ ,(ݕ (଴ݔ)ݕ =  .଴ݕ

   (b) Find the general solution of the differential equation (ܦଷ + ଶܦ2 − ܦ − ݕ	(2 = 0, ቀܦ ≡ ௗௗ௫ቁ. 

   (c) Show that ݔ = 0 is a regular singular point of the differential equation 2ݔଶ ௗమ௬ௗ௫మ − ݔ ௗ௬ௗ௫ + ݔ) − ݕ	(5 = 0. 

   (d) If ݎԦ = Ԧܽ	݁ఠ௧ + ሬܾԦ	݁ିఠ௧ where Ԧܽ and ሬܾԦ are constant vectors, then prove that 
ௗమ௥Ԧௗ௧మ = ߱ଶݎԦ, 

(߱ = constant) ߱ and t being scalars. 

   (e) State the principle of super-position for homogeneous ordinary differential equation. 

   (f) Show that ݔ = 0 is an ordinary point of (ݔଶ − "ݕ(1 + ′ݕݔ − ݕ = 0. 

   (g) If three vectors Ԧܽ = ଓ̂ − ଔ̂ + ෠݇ , ሬܾԦ = 2ଓ̂ + ଔ̂ − ෠݇  and Ԧܿ = ଓ̂ߣ − ଔ̂ + ߣ ෠݇  are coplanar, find the 

value of ߣ. 

   (h) Prove that ൣ Ԧܽ	 ሬܾԦ	 Ԧܿ൧ = −ൣ Ԧܽ	 Ԧܿ	 ሬܾԦ൧. 
 2. Answer any four questions:  5×4=20 

   (a) Using the method of variation of parameters, solve the differential equation  
ௗమ௬ௗ௫మ + ݕ = tanݔ. 

   (b) Using the method of undetermined coefficients solve the differential equation 

ଶܦ)     − ܦ2 − ݔ	(3 = 5	cos	2ݐ			 ቀwhere	ܦ ≡ ௗௗ௧ቁ. 

   (c)  (i) If ߙԦ × Ԧߚ + Ԧߚ × Ԧߛ + Ԧߛ × Ԧߙ = 0, then show that the vectors ߙԦ, ,Ԧߚ  .Ԧ are coplanarߛ

     (ii) Evaluate  ׬ Ԧଶଵݎ × ቀௗమ௥Ԧௗ௧మቁ Ԧݎ where ,ݐ݀ = ଶଓ̂ݐ2 + ଔ̂ݐ − ଶݐ3 ෠݇. 2+3=5 
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   (d)  (i) Define the equilibrium point of a linear homogeneous system of differential equations (DE): 

        
ௗ௫ௗ௧ = ,ݔ)݂ ,(ݕ ௗ௬ௗ௧ = ,ݔ)݃  (ݕ

     (ii) Find the equilibrium point(s) of the system of DEs: 

      
ௗ௫ௗ௧ = ݔ + ,ݕ ௗ௬ௗ௧ = ݔ4 +  and discuss the nature of the equilibrium point. 1+4=5 ݕ

   (e) Solve:  
ௗమ௬ௗ௫మ − 2 ௗ௬ௗ௫ + ݕ =  ଶ݁ଷ௫ݔ

   (f) The position vector ݎԦ of a moving particle at time t satisfies the equation ௗమ௥Ԧௗ௧మ = ଓ̂ݐ6 − መܬଶݐ24 + 4sinݐ	 ෠݇ . If ݎ = 2ଓ̂ +  መ andܬ
ௗ௥Ԧௗ௧ = −ଓ̂ − 3෠݇, when t = 0 then find 

ௗమ௥Ԧௗ௧   

and ݎԦ at any time t. 

  3. Answer any one question:  10×1=10 

   (a)  (i) Show that ቂௗ௥Ԧௗ௧ 	ௗమ௥Ԧௗ௧మ 	ௗయ௥Ԧௗ௧యቃ = 216, where ݎԦ = ଓ̂ݐ3 + ଶଔ̂ݐ3 + ଷݐ2 ෠݇.  

     (ii) Solve by the method of variation of parameters, the equation 4+6=10 

      
ௗమ௬ௗ௫మ − 3 ௗ௬ௗ௫ + ݕ2 = ௘ೣଵା௘ೣ.  

   (b)  (i) Show that, if a vector Ԧ݂(ݐ) has a constant magnitude then Ԧ݂. ௗ௙Ԧௗ௧ = ܱ.  

     (ii) Solve the system of differential equations: 

      
ௗ௫ௗ௧ + ݔ4 + ݕ3 = ݁ି௧ 

      
ௗ௬ௗ௧ + ݔ2 + ݕ5 = ݁௧. 4+6=10 

__________ 
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Notations and symbols have their usual meaning. 

 1. Answer any five questions: 2×5=10 

   (a) Define graph isomorphism. 

   (b) How many edges are there in ܭ௠,௡, and ܭ௠? 

   (c) Define circuit and cycle in a graph. 

   (d) How many vertices are there in a graph with 15 edges if each vertex is of degree 3? 

   (e) Define acyclic graph and minimally connected graph. 

   (f) Define complete graph and find the number of spanning trees of a complete graph with four 

vertices. 

   (g) Write down the incidence matrix of the graph: 

       

   (h) Define adjacency matrix of a graph with example. 

 2. Answer any four questions:  5×4=20 

   (a)  (i) State which of the following graphs are bipartite graphs: 

 

     (ii) Prove that the sum of the degrees of all vertices of a graph is an even integer. (2+1)+2=5 
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   (b)  (i) Define Eulerian and semi-Eulerian graphs. 

     (ii) Draw a semi-Eulerian graph, which is not Eulerian. 

     (iii) Show that the following graphs are non-isomorphic: 2+2+1=5 

       

   (c)  (i) Define spanning tree of a graph. 

     (ii) How many edge can have in a spanning tree of the complete graph ܭହ? 

     (iii) Find a spanning tree of this graph: 1+1+3=5 

       

   (d) Show that a graph is a tree it and only if there is a unique path between every pair of vertices. 

   (e)  (i) If ݑ, ݑ be two vertices in a graph G such that ݒ ≠  then ݒ to ݑ and there is a trail from ݒ

show that there is a path from ݑ to ݒ. 

     (ii) In a connected graph G with atleast in G is less than the number of vertices, then prove 

that G has a vertex of degree one. 3+2=5 

   (f)  (i) Define connected and regular graph. 

     (ii) Show that a simple graph having ݊ number of vertices must be connected if it has more 

than 
ଵଶ (݊ − 1)	(݊ − 2) edges. 2+3=5 

  3. Answer any one question:  10×1=10 

   (a)  (i) Draw a graph having the given properties or explain why no such graph exists; 

       (I) Graph with four edges, four vertices having degrees 1, 2, 3, 4. 

       (II) Simple graph with five vertices having degrees 3, 3, 3, 3, 4.  

     (ii) Draw two graphs which are isomorphic to each other. 

     (iii) Define weighted graph with example. Is every Hamiltonian graph is Eulerian? Justify.  

       (2+2)+2+4=10 
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   (b)  (i) Find all spanning tree of the graph: 

        

     (ii) With proper example, show that the incidence matrix of a graph and the adjacency 
matrix of a graph may be same. 

     (iii) Define proper sub-graph and induced sub-graph of a graph. 5+3+2=10 

__________ 
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 1. Answer any five from the following: 2×5=10 

  (a) Show that the Second Mean Value Theorem (Bonnet’s form) is applicable to ׬ ୱ୧୬௫௫ ௕௔ݔ݀ , 

where 0 < ܽ < ܾ < ∞. Also prove that ቚ׬ ୱ୧୬௫௫ ௕௔ݔ݀ ቚ ≤ ଶ௔ . 1+1=2  

  (b) Let ݂(ݔ) = ݔ∀ be a function [ݔ]ݔ ∈ [0, 3]. Show that ݂ is integrable on [0, 3]. Also find the 

value of ׬ ݂ଷ଴  .  

  (c) Show that the sequence of function ሼ ௡݂ሽ is not uniformly convergent on [0, 1], where ௡݂(ݔ) = ;௡ݔ 	ݔ ∈ [0, 1].  
  (d) Test the convergence of ׬ ୡ୭ୱ௔௫ିୡ୭ୱ௕௫௫ ஶଵݔ݀  . 

  (e) Prove that the series of functions ݔଶ + ௫మଵା௫మ + ௫మ(ଵା௫మ)మ + ……… is not uniformly convergent 

on [0, 1].  

   (f) Obtain the Fourier series of f, where ݂(ݔ) = ,ଶݔ ݔ ∈ (−π, π) and ݂(2π + (ݔ =  .(ݔ)݂
  (g) Define log௘ ݔ = ׬ ௗ௧௧ ݔ) > 0)௫ଵ , prove that 

௫ଵା௫ < log௘(1 + (ݔ < ݔ)		ݔ > 0). 
  (h) Find the radius of convergence of the series 

ଵଶ ݔ + ଵ.ଷଶ.ହ ଶݔ + ଵ.ଷ.ହଶ.ହ.଼ ଷݔ + ⋯ .  

 2. Answer any four from the following: 5×4=20 

  (a)  (i) What do you mean by ‘radius of convergence’ of a power series? 

     (ii) Obtain the radius of convergence and the interval of convergence for the power series ෍ (௫ାଶ)೙୪୭୥௡	ஶ௡ୀଶ  . 1+4=5 
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  (b) Let (ݔ)ܨ = ׬ ௫௔ݐ݀(ݐ)݂ , where ݂(ݔ) is bounded and integrable in [a, b], then prove that  

     (i) (ݔ)ܨ is continuous in [a, b]. 

     (ii) ܨᇱ(ݔ) = ,ܽ] is continuous in (ݔ)݂ when ,(ݔ)݂ 	ݔ	∀		[ܾ ∈ [ܽ, ܾ].  5	
  (c)  (i) State Darboux theorem. 

     (ii) Let ݂: [0, 1] → ܴ be a function defined by 

(ݔ)݂       = 0, when x is irrational 

         = 1, when x is rational. 

      Verify whether f is Riemann integrable. 2+3=5  

  (d) Examine the convergence of the following integral ߚ(௠,௡) = ׬ ௠ିଵ(1ݔ − ଵ଴	ݔ௡ିଵ݀(ݔ . 5 

  (e) If a function ݂: [ܽ, ܾ] →  be bounded on [a, b] and let f be continuous on  [a, b] except for a 

finite number of points in [a, b], then show that f is integrable on  [a, b]. 5 

   (f) Obtain the Fourier series in [−π, π] for the function  5 

(ݔ)݂     = ቄݔ					if − π < ݔ ≤ 0			if			ݔ02 ≤ ݔ ≤ π  . 

 3. Answer either (a) or (b): 10×1=10 

  (a)  (i) State and prove the Fundamental theorem of Integral Calculus.  

     (ii) Show that ׬ log sin ஠/ଶ଴ݔ݀	ݔ  is convergent and find its value. (1+4)+(3+2)=10  

  (b)  (i) State the Cauchy-Hadamard theorem on power series. 

     (ii) Write down the Fourier Series corresponding to the interval [−݈, ݈] with justification and 

the values of the constants.  

     (iii) Prove that 
ଵଶ < ׬ ௗ௫√ସି௫మା௫య < π 6ൗଵ଴  . 2+3+5=10  

   ________ 
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 1. Answer any five from the  following: 2×5=10 

  (a) Prove that in an integral domain, both the right and left cancellation law hold. 

  (b) Give an example of a ring R consisting of infinitely many elements but having finite 

characteristic. Give reason justifying your answer. 

  (c) Is the mapping ݂: (ℤ	ൣ√2		൧, +, . ) → (ℤ	ൣ√3		൧, +, . ) defined by ݂൫ܽ + ܾ√2൯ = ܽ + ܾ√3	 a 

ring homomorphism? Give logic in support of your answer. 

  (d) Suppose R is a ring with identity 1 and I is an ideal of R such that 1 ∈ ܫ Prove that .ܫ = ܴ. 

  (e) Find ݇ ∈ , so that the set ܵ = ሼ(1, 2, 1), (݇, 3, 1), (2, ݇, 0)ሽ is a linearly independent subset 

of ଷ.  

   (f) Find a basis of the vector space ܵ = ቄቀܽܿ		ܾ݀ቁ ∈ )ଶܯ ): ܽ + ܾ = 0ቅ. 
  (g) Let V and W be two vector spaces over the field F and ܶ: ܸ → ܹ be a linear transformation 

which carries any linearly independent subset of V to a linearly independent subset of W. 

Then prove that T is one-one. 

  (h) Let V be a vector space of all functions from the  real field  into . Show that W is a 

subspace of V, where: 

    ܹ = ሼ݂: ݂(3) = 0ሽ, i.e. W consists of those functions map 3 into 0. 

 2. Answer any four from the following: 5×4=20 

  (a)  (i) Define prime ideal. 

     (ii) Let I denote the set of all polynomials in ℤ[ݔ] whose constant term is zero. Prove that I 

is a prime ideal of ℤ[ݔ]. 5=4+1 
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  (b)  (i) Prove that a finite integral domain is field. 3+2=5 

     (ii) Give example of an infinite integral domain which is not field (with explanation). 

  (c) Let R be a commutative ring with identity 1 and M be an ideal of R. Then show that M is a 

maximal ideal iff R/M is a field. 5 

  (d) Let V be a vector space (finite dimensional) over a field F and W be a subspace of V. Then 
prove that dim. ൫ܸ ܹൗ ൯ = dim.ܸ − dim.ܹ. 5 

  (e) Prove that every integral domain can be embedded into a field. 5 

   (f) Let V be the vector space of n-square matrices over the field . Let U and W  be the 

subspaces of symmetric and skew-symmetric matrices, respectively. Show that ܸ = ܷ	⨁	ܹ. 

(Direct sum of U and W). 5 

 3. Answer any one from the following: 10×1=10 

  (a)  (i) Let R be a ring and I, J be two ideals of R. Then prove that I + J is the smallest ideal of 
R containing both I and J. 

     (ii) Define invertible linear transformation.  

     (iii) Let V and W be two vector spaces over a field F with dimV = dimW = n. 
Let ܶ ∶ ܸ → ܹ be a linear transformation. Then prove that T is one-one if and only if T 
is invertible. 4+1+5=10 

  (b)  (i) Prove that the kernel of a ring homomorphism is an ideal of the domain ring. 

     (ii) Suppose I is an ideal of a ring R. Define a suitable ring homomorphism whose kernel 
is I.  

     (iii) Let T be a linear transformation from ଷ to ଶ defined by 

,ݔ)ܶ       ,ݕ (ݖ = ݔ3) − ݕ2 + ,ݖ ݔ − ݕ3 − ,ݔ) for all (ݖ2 ,ݕ (ݖ ∈ ଷ. Compute the matrix 
representation of T with respect to the ordered bases {(1, 0, 0), (0, 1, 0), (0, 0, 1)} of  
 ଷ and {(1, 0), (0, 1)} of ଶ. 3+3+4=10  

   

 ________ 
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