
  SH-I/Mathematics/102C-2(T)/19 

10444  Please Turn Over 

B.Sc. Semester I (Honours) Examination, 2018-19 
MATHEMATICS 

 Course Id : 12112  Course Code :  SHMTH-102C-2(T) 

Course Title : Algebra 
  Time:  2 Hours  Full Marks:  40 

The figures in the 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) Use De Moivre’s theorem to prove that   tan4θ = ସ୲ୟ୬஘ିସ ୲ୟ୬య ஘ଵି଺ ୲ୟ୬మ ஘ା୲ୟ୬ర ஘. 

   (b) State Division algorithm. Use it to find the remainder when – 326 is divided by 5. 1+1=2 

   (c) If ܵ = ܽ + ܾ + ܿ, prove that  
௦௔ି௕ + ௦௦ି௕ + ௦௦ି௖ > 9 2ൗ . 

   (d) Find all the equivalence relations on the set ܵ = {ܽ, ܾ, ܿ}. 
   (e) For what values of ݇, the following system of equations has a non-trivial solution?  

ݔ        + ݕ2 + ݖ3 = ,ݔ݇ ݔ2 + ݕ + ݖ3 = ,ݕ݇ ݔ2 + ݕ3 + ݖ =  ݖ݇

   (f) When a transformation ܶ: ܴ௠ → ܴ௡ is said to be a linear transformation? Is the following 
transformation linear? 

      ܶ: ܴଶ → ܴ defined by 

,ݔ)ܶ        (ݕ = ݔ| − ,ݔ for all ,|ݕ ݕ ∈ ܴ. 

   (g) If an equation ݂(ݔ) = 0 with real coefficients consists of only even powers of ݔ with all 
positive signs, show with proper reason that the equation cannot have a real root. 

   (h) Let ܣ = ൭1 2 30 −2 50 0 2൱. Find the eigenvalues of the matrix ܣହ −  .ଷܫ

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

   (a) Define rank of a matrix. Find the row reduced echelon form of the matrix 

       ቌ1211			
−1237 		 21−1−4				

0501				
4231ቍ and find its rank. 1+3+1=5 

   (b)  (i) If ܽݔ ≡ ݔ and ܽ is prime to ݊, then show that (݊	݀݋݉)ݕܽ ≡  .(݊	݀݋݉)ݕ
    (ii) Obtain the equation whose roots are the roots of the equation ݔସ − ଶݔ8 + ݔ8 + 6 = 0, 

each diminished by 2. 1+4=5 

   (c) If ܽ, ܾ, ܿ be positive real numbers such that the sum of any two is greater than the third, then 
prove that ܾܽܿ ≥ (ܽ + ܾ − ܿ)(ܾ + ܿ − ܽ)(ܿ + ܽ − ܾ). Derive when equality occurs. 4+1=5 
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   (d) State the second principle of mathematical induction and using this principle, prove that ൫3 + √5൯௡ + ൫3 − √5൯௡ is divisible by 2௡, for all ݊ ∈ ܰ (N be set of natural numbers). 5 

   (e) Show that the eigenvalues of a real symmetric matrix are all real. 5 

   (f)  (i) Show that ܣ = ,ଵݔ)} ,ଶݔ ,ଷݔ (௡ݔ… ∈ 	ܴ௡: ଵݔ + ଶݔ + ⋯+ ௡ݔ = 0} is a subspace of ܴ௡. 
Find the dimension of the subspace ܣ of ܴ௡. 

    (ii) Is the union of two subspaces of ܴ௡, a subspace of ܴ௡? Justify your answer. 3+2=5 

 3. Answer any one question: 10×1=10 

   (a)  (i) Show that the transformation ܶ: ܴଷ → ܴଶ defined by ܶ(ݔ, ,ݕ (ݖ = ,ݖ) ݔ +  .is linear (ݕ

    (ii) Let ݂: ܣ → ܤ:݃ and ܤ → :݂∘݃ be two mappings such that ܥ ܣ →  is injective. Is it ܥ
necessary that ݃ is injective? Justify your answer. 

    (iii) Solve the cubic equation ݔଷ − ݔ9 + 28 = 0 by Cardon’s method. 3+2+5=10 

   (b)  (i) Prove that any partition of a non-empty set S induces an equivalence relation on S. 

    (ii) Prove or disprove: 

      “Composition of two linear transformation from ܴ௠ → ܴ௡ is linear transformation.” 

    (iii) A linear mapping ܶ:ଷ → ଷ is defined by ܶ(ݔଵ, ,ଶݔ (ଷݔ = ଵݔ2) + ଶݔ − ,ଷݔ ଶݔ + ଵݔ	,ଷݔ4 − ଶݔ + ,ଵݔ)(ଷݔ3 ,ଶݔ (ଷݔ ∈ ܴଷ. Obtain the matrix of T relative to the ordered base  
(0, 1, 1), (1, 0, 1), (1, 1, 0) of ଷ. 3+2+5=10 

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

   (a) Find the n-th derivative of the function ݕ = log	(ݔ + ܽ). 
   (b) Solve: (ݔ + ݕ + ݕ݀(1 =  ݔ݀

   (c) Evaluate: ׬ cosସ ഏమ଴ݔ݀ݔsinଶݔ  

   (d) Find the envelope of the straight line ݕ = ݔ݉ + ௔௠ ,݉ being the variable parameter (݉ ≠ 0). 
   (e) Reduce the differential equation ݕݔᇱ + ݕ =  .to a linear form ݔଶlogݕ

   (f) Find the asymptotes of ݔଶ − ଶݕ4 = 1. 

   (g) Find the equation of the sphere through the points (0, 0, 0), (a, 0, 0), (0, b, 0) and (0, 0, c). 

   (h) Transform the equation ݔଶ + ݕݔ3√2 − ଶݕ − 2 = 0 to axes inclined at 30° to the original axes. 

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

   (a)  (i) Find the value of lim௫→ଵ ቀݔ భభషೣቁ. 

    (ii) If lim௫→଴	ୱ୧୬ଶ௫ା௔ୱ୧୬௫௫య  is finite, find ܽ and the value of the limit. 2+(2+1)=5 

   (b) If ܫ௡ = ׬ sec௡ ݊) then show that ,ݔ݀ݔ − ௡ܫ(1 = tanݔ	sec௡ିଶݔ + (݊ −  ௡ିଶ and henceܫ(2

evaluate ׬ secହ ഏర଴ݔ݀ݔ . 3+2=5 

   (c)  (i) Find the order and degree of the differential equation ටݕ + ቀௗ௬ௗ௫ቁଶ = 1 +  .ݔ

    (ii) Find the general solution of the differential equation 
ௗ௬ௗ௫ = ଶݔ) + ଶݕ)(1 + 1). 2+3=5 

   (d) If ݕ = cos(10 cosିଵ show that (1 ,(ݔ − ଵଶݕ(ଶݔ =  ଵଵ. State Leibnitz’s theorem. 4+1=5ݕݔ21

   (e) Obtain singular solution of the equation ݕ = ݔ݌ + ݌ − ݌ ଶ, where݌ = ௗ௬ௗ௫. 5 

   (f) The radius of a right circular cylinder is 2 and its axis is given by 
௫ଵ = ௬ିଶ = ௭ଶ; Find the 

equation of the cylinder. 5 
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 3. Answer any one question: 10×1=10 

   (a)  (i) Find the equation of the cone whose vertex is at (1, 0, –1) and which passes through the 
circle ݔଶ + ଶݕ + ଶݖ = 4, ݔ + ݕ + ݖ = 1. 

    (ii) Find the length of the astroid  ݔ = cosଷ ,ݐ ݕ = sinଷ ,ݐ 0 ≤ ݐ ≤   .ߨ2

    (iii) Using L’Hospital Rule, evaluate lim௫→଴	ቀ୲ୟ୬௫௫ ቁଵ/௫మ . 4+3+3=10 

   (b)  (i) Solve: (1 + ݔ݀ݕ(ݕݔ + (1 − ݕ݀ݔ(ݕݔ = 0 

    (ii) Show that in any conic the sum of the reciprocals of the segments of a focal chord is 
constant. 5+5=10 

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

   (a) Examine the curve ݕ − sinݔ regarding its convexity or concavity to the ݔ-axis.  

   (b) Evaluate: lim௫→଴	ୱ୧୬௫ି௫௫య  

   (c) Find the nature of the conic represented by 9ݔଶ − ݕݔ6 + ଶݕ − ݔ14 − ݕ2 + 12 = 0 

   (d) Identify the order and degree of the differential equation ඥ1+ ሺݕᇱሻଶ = ݔ + 1 

   (e) Evaluate: ׬ cosସ ഏమ଴ݔ݀ݔ  

   (f) Find the asymptotes of ݔଶ − ଶݕ = 9 

   (g) Find an integrating factor of the differential equation ሺݔଶ + ଶݕ + ݔሻ݀ݔ2 + ݕ݀ݕ2 = 0. 

   (h) Find the centre and radius of the sphere ݔଶ + ଶݕ + ଶݖ + ݔ2 − ݕ4 − ݖ6 + 5 = 0. 

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

   (a) Evaluate: lim	௫→଴	ሺcosݔሻୡ୭୲మ ௫ 5  

   (b) If ݕ = ୱ୧୬షభ ௫√ଵି௫మ , |ݔ| < 1, then show that 

     (i) ሺ1 − ଶݕଶሻݔ − ଵݕݔ3 − ݕ = 0 

    (ii) ሺ1 − ௡ାଶݕଶሻݔ − ሺ2݊ + 3ሻݕݔ௡ାଵ − ሺ݊ + 1ሻଶݕ௡ = 0 2+3=5 

   (c) Solve: ሺ4ݔଶݕ − 6ሻ݀ݔ + ݕଷ݀ݔ = 0 5 

   (d) Find the surface area generated by revolving the straight line ݔ = 1 − ,ݕ 0 ≤ ݕ ≤ 1 about  ݕ axis.  5 

   (e) Find the asymptotes of ݕଶ − ଶݔ − ݔ2 − ݕ2 − 3 = 0. 5 

   (f) What is rotation of axes? What will be the form of the equation ݔଶ − ଶݕ = 4, if the  

co-ordinate axes are rotated through an angle ቀ− గଶቁ. 1+4=5  
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 3. Answer any one question: 10×1=10 

   (a)  (i) Find the length of the curve ݕ = ቀ௫ଶቁଶ/ଷ from ݔ = 0 to ݔ = 2. 

    (ii) Find if there is any point of inflexion on the curve ݕ − 3 = 6ሺݔ − 2ሻହ 

    (iii) Solve: ሺݔଷ + ݔଶሻ݀ݕݔ3 + ሺݕଷ + ݕሻ݀ݕଶݔ3 = 0 4+3+3=10 

   (b)  (i) Find ܽ and ܾ such that lim௫→଴	௫ሺଵା௔ୡ୭ୱ௫ሻି௕ୱ୧୬௫௫య = 1. 

    (ii) Find the equation of the right circular cylinder whose radius is 1 and ݔ-axis is the axis. 
  5+5=10 

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

   (a) Evaluate: lim௫→ଵ	୪୭୥(ଵି௫)ୡ୭୲(గ௫)  

   (b) Define rectilinear asymptotes of a plane curve. 

   (c) Find the perimeter of the cardioid ݎ = ܽ(1 − cos θ) 
   (d) Define Bernoulli’s equation. Can it be put in the linear form? Justify your answer. 

   (e) Solve : 
ௗ௬ௗ௫ + ݕ ௗ஍(௫)ௗ௫ = Φ(ݔ) ௗ஍(௫)ௗ௫   

   (f) Show that the semi-latus rectum of a conic is a harmonic mean between the segments of any 
focal choral. 

   (g) Find the nature of the conicoid:  3ݔଶ − ଶݕ2 − ݔ12 − ݕ12 − ݖ6 = 0. 

   (h) Prove that (ܽ − 2,−2 ݁ଶൗ ) is a point of inflexion of the curve ݕ = ݔ) − ܽ)݁௫ି௔. 

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

   (a) If ܬ௡ = ׬ sec௡ ݊) then show that ,ݔ݀	ݔ − ௡ܬ(1 = tanݔ ௫௡ିଶܿ݁ݏ +(݊ −  ௡ିଶ. Hence, find aܬ(2

reduction formula for ׬ sec௡ ഏర଴ݔ݀	ݔ  and use this formula to evaluate ׬ secହ ഏర଴ݔ݀	ݔ . 2+1+2=5 

   (b) Define envelope of a family of curves. Find the condition between ܽ and ܾ so that the 
envelope of the family of the lines ݔ⁄ܽ + ݕ ܾൗ = 1 may be the curve ݔ௣ݕ௤ = ݇௣ା௤. 2+3=5  

   (c)  (i) Show that if a straight line meets a conicoid in three points, then the straight line lies 
wholly on the conicoid. 

    (ii) Find the equation of the sphere for which the circle ݔଶ + ଶݕ + ଶݖ + ݕ7 − ݖ2 + 2 = ݔ2	,0 + ݕ3 + ݖ4 = 8 is a great circle. 2+3=5 

   (d)  Find the area common to the circles ݎ = ܽ√2 and ݎ = 2ܽcosθ. 5 

   (e) What do you mean by Integrating Factor? Find the integrating factor of the ܱݕݔ) ܧܦsinݕݔ + cosݔ݀ݕ(ݕݔ + ݕݔsinݕݔ) − cosݕ݀ݔ(ݕݔ = 0. Hence solve it. 1+1+3=5 

   (f) If the population of a country doubles in 100 years, in how many years will it treble under 
the assumption that the rate of increase is proportional to the number of inhabitants? 5 
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 3. Answer any one question: 10×1=10 

   (a)  (i) If ݕ = ୪୭୥௫௫ , prove that ݕ௡ = ௗ೙௬ௗ௫೙ = (ିଵ)೙∟௡௫೙శభ ݔ݃݋݈]	 − 1 − ଵଶ − ଵଷ…− ଵ௡]. 
    (ii) Find the asymptotes of the curve 

       
ݔ = ଵ௧రିଵݕ = ௧య௧రିଵ		ቑ 

    (iii) Find the surface generated by the revolution of an arc of the catenary ݕ = ܿ coshݔ⁄ܿ  
about the axis of 10=4+3+3 .ݔ 

   (b)  (i) Find the values of b and g such that the equation 9ݔଶ + ݕݔ12 + ଶݕܾ + ݔ2݃ + ݕ4 + 1 = 0 
represents a conic having infinitely many centres and determine the nature of the conic. 

    (ii) A variable plane is parallel to the given plane ݔ⁄ܽ + ݕ ܾൗ + ܿ⁄ݖ = 2 and meets the axes 
in A, B, C respectively. Show that the circle ABC lies on the cone 

       ቀܾ ܿൗ + ܿ ܾൗ ቁݖݕ + (ܽ⁄ܿ + ܿ⁄ܽ ݔݖ( + ቀܽ ܾൗ + ܾ ܽൗ ቁݕݔ = 0 

    (iii) Show that if ݕଵ and ݕଶ are two solutions of the ܱܧܦ	 ௗ௬ௗ௫ + ݕܲ = ܳ where ܲ and ܳ are 

functions of ݔ only and ݕଶ = ݖ then show that ݖଵݕ = 1 + ׬ି݁ܽ ೂ೤భௗ௫, a being an 
arbitrary constant. 3+4+3=10 

__________ 
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