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UNIVERSITY OF NORTH BENGAL 
B.Sc. Honours 2nd Semester Examination, 2021 

GE-MATHEMATICS 
Time Allotted: 2 Hours Full Marks: 60 

ASSIGNMENT 

The figures in the margin indicate full marks. 
All symbols are of usual significance. 

The question paper contains MATHGE-I, MATHGE-II, MATHGE-III,  
MATHGE-IV & MATHGE-V.  

The candidates are required to answer any one from the five courses.  
Candidates should mention it clearly on the Answer Book. 

 MATHGE-I 
Cal. Geo and DE. 

 GROUP-A 

1. Answer all the questions from the following: 2×5=10

 (a) Find the asymptotes parallel to coordinate axes of the curves xy 1tan . 

(b) Evaluate:  
a
x

ax x
a 2tan

2lim ⎟
⎠
⎞

⎜
⎝
⎛  

(c) Solve:  dxxdxydyx 1cos  

(d) Evaluate:  ∫
1

0
2

6

1
dx

x

x  

(e) Find the equation of a sphere whose great circle is ,8410222 zyzyx  
3zyx . 

  

 GROUP-B 

Answer all the questions from the following 12×3=36

2.  (a) Find the reduction formula for ∫ dxxx mn)(log  and hence find the value of 

∫ dxxx 2)(log . 

3

(b) Find the volume of the solid obtained by revolution the region bounded by xy  
and xxy 22  about the line 5y . 

4
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(c) Solve:  yex
x
y

dx
dy x sec)1(

1
tan  5

  

3.  (a) Determine the point of inflection for 20,sin2 xxy . 3

(b) If 3
2

3
2

3
2

cyx  is the envelope of the lines 1b
y

a
x , where a, b are variable 

parameter and c is a constant, then prove that 222 cba . 

4

(c) A variable sphere passes through (0, 0, ±c) and cuts the lines czxy ,tan  
and czxy ,tan  in points P and P . If aPP 2  (a is a constant), show 
that the centre of the sphere lies on the circle ,2cosec)( 22222 cayx  

0z . 

5

  

4.  (a) Find the value of a and b if the 2
1coslogsinlim 4

2

x
xbxa

x
. 3

(b) Solve:  222 yxxy
dx
dy  4

(c) Reduce the canonical form 078165205 22 yxyxyx . 5

  

 GROUP-C 

Answer all the questions from the following 7×2=14

5.  (a) Find the 21st derivative of 
232

3

xx
xy . 3

(b) Trace the curve )()( 22222 yayayx . 4

  

6.  (a) Solve:  dyxydxy )(tan)1( 12  3

(b) If )log( xx
dx
dI m

m

m

m , prove that !)1(1 mmII mm . Hence prove that 

!1
4
1

3
1

2
11log ][ mmxIm LL . 

4

  

 MATHGE-II 
Algebra 

 GROUP-A 

1. Answer all the questions from the following: 2×5=10

 (a) Find the value of 41)( i . 2



UG/CBCS/B.Sc./Hons./2nd Sem./Mathematics/MATHGE2/2021 

2059 3  Turn Over 

(b) Find the values of k for which the equation 01224 234 kxxxx  has four 
real distinct roots. 

2

(c) Let a, b, c be real numbers. Show that 

 cabcabbacacbcba 222 )()()(  

2

(d) Check whether the function :f ℝ ⟶ ℝ defined by xxxxf ,)( 2 ℝ is 
surjective or not. 

2

(e) Find the eigenvalues and eigenvectors of the matrix 77I . 2

  

 GROUP-B 
Answer all the questions from the following 12×3=36

2.  (a) Let 21 , zz  be two complex numbers such that 21 zz  is real. Prove that the points 
representing 1z  and 2z  in the complex plane are collinear with the origin. 

3

(b) Let sincos iz  and m be a positive integer. Show that  

 2cos2cos211)1( 1 m
zz mm

m
m ⎟

⎠
⎞

⎜
⎝
⎛  

5

(c) Show that 42

3

tantan61
tan4tan44tan . 4

  
3.  (a) Apply Descartes’ Rule of signs to find the nature of the roots of the equation 

0323 26 xxx . 
3

(b) If )(mod mayax  where a is prime to m then prove that )(mod myx . 4

(c) Let , ,  be the roots of the equation 0132 23 xxx . Find the equations 
whose roots are 222 ,,  and deduce the condition that the 
roots of the given equation may be in geometric progression. 

4+1

  

4.  (a) Prove that the relation bababa ,;)3(mod:),{( ℤ} is an equivalence 
relation on the set of integers ℤ. Also, find the sets },)1,(:{ aaA  

})2,(:{ aaB  and })3,(:{ aaC  where a ℤ, show that ℤ CBA  and ACCBBA . 

3+4

(b) Reduce the following matrix: 

 

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

610193
26262
14231
02200

 

into row reduced echelon form and hence find its rank. 

4+1
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 GROUP-C 
Answer all the questions from the following 7×2=14

5.  (a) Prove that nnn )!(!)12(!5!3!1 LL . 3

(b) If 110 ,.......,, nxxx  are the roots of 01nx , then prove that 
nxxxxxx n )(.....))(( 102010 . 

4

  

6.  (a) Use Cayley-Hamilton Theorem to find A2021 , where ⎥
⎦

⎤
⎢
⎣

⎡
10
71

A . 2

(b) Determine the conditions for which the system of equations  

 bzyx  
 132 bzyx  

 225 bazyx  
admits of (i) no solution, (ii) unique solution and (iii) many solutions. 

5

  

 MATHGE-III 
Differential Equation and Vector Calculus 

 GROUP-A 

1. Answer all the questions from the following: 2×5=10

 (a) Show that xx 3cos,3sin  is not a linearly independent solution of 09yy . 

(b) Solve the equation: xw
dt
dyyw

dt
dx and . 

(c) Find the particular integral of  xy
dx

yd cos2

2
. 

(d) If kjir 32 233 ttt , then find 2

2

dt
d

dt
d rr . 

(e) Given kbtjtaitar ˆˆsinˆcosr . Show that ba
dt

rd
dt

rd
dt

rd 2
3

3

2

2

⎥
⎦

⎤
⎢
⎣

⎡ rrr
. 

  

 GROUP-B 
Answer all the questions from the following 12×3=36

2.  (a) Solve, using the method of variation parameters, the following differential 
equation: 

 xy
xdx

dy
xdx

yd log11
22

2
 

6
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(b) Evaluate the line integral ∫
C

drF  along the curve 2,1: 22 zyxC  in the 

positive direction from )2,1,0(to)2,0,1( BA  where 

 kjiF )()()( 2 zxyyzxzy  

6

  
3.  (a) Solve, using the method of undetermined coefficients, the equation  

 )(,sin)3( 2

dx
dDxexyDD x  

6

(b) Evaluate dsnF )( ˆ∫∫
r

, where kzjxiyzF ˆˆˆr
 and S is the surface of the 

cylinder 422 yx  included in the first octant between 0z  and 2z . 

6

  

4.  (a) Solve the differential equation axya
dx

yd sec2
2

2
 with the symbolic operator D. 6

(b) If )(),,( rrzyxF n rrr
, then prove that F

r
 is solenoidal, where r  is a constant 

vector, ||and rrkzjyixr rrrrr . 
6

  

 GROUP-C 
Answer all the questions from the following 7×2=14

5.  Find the complete solution of the given differential equation 

 )( 2
3sinsin)1( 223 xx

exeyD x  

7

  
6. What is an irrotational vector? Find the constants a, b, c so that the vector 

 kzcyxjzybxiazyxF
rrrr

)24()3()2(  

is irrotational. Hence, find the potential function V.  

7

  

 MATHGE-IV 
Group Theory 

 GROUP-A 

1. Answer all the questions from the following: 2×5=10

 (a) If G (ℝ, +) and H (ℤ, +), then how many distinct left cosets of H in G are 
there? 

(b) Let babiaH ,:{: ℝ, }0ab . Prove or disprove that H is a subgroup of ℂ 
of all complex numbers under addition. 

(c) Find an isomorphism from the group of integers (ℤ, +) to the group of even 
integers (2ℤ, +). 
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(d) “Every abelian group is cyclic” — Check whether the statement is true or false 
with proper justification. 

(e) Check whether the set of rational numbers ℚ forms a group with respect to 
multiplication. 

  

 GROUP-B 

Answer all the questions from the following 12×3=36

2.  (a) Find the number of elements of order 5 in the group (ℤ30, +). 5

(b) Give an example of a group G and it’s subgroup H such that 2]:[ HG . 5

(c) Let (ℤ, +) be the group of integers and nnN |3{ ℤ}. Prove that N is a normal 
subgroup of ℤ. 

2

  

3.  Let G be a group and Gg . Define a map GGg :  by 1:)( gxgxg  for all 
Gx . Show that g  is an isomorphism from G onto itself. 

Further, define ℒ }:{:)( GgG g . Show that ℒ )(G  forms a group under 
composition of functions. 

6+6

  

4.  (a) If G is a cyclic group with only one generator, prove that either 1)(Go  or 
2)(Go . 

4

(b) Give an example of two subgroups H, K of a group which are not normal but HK 
is a subgroup. 

4

(c) Suppose a group G has a subgroup of order n. Show that the intersection of all 
subgroups of G of order n is a normal subgroup of G. 

4

  

 GROUP-C 

Answer all the questions from the following 7×2=14

5.  (a) Prove that a cyclic group G of order n is isomorphic to the multiplicative group 
consisting of all nth roots of unity. 

5

(b) Show that for any group G, GeG }{ . 2

  

6.  (a) Let N be a normal subgroup of a group G. If N is cyclic, prove that every 
subgroup of N is also normal in G. 

4

(b) Write down the cyclic decomposition of the following permutation as a product 
of disjoint cycles 

 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
78231654
87654321

 

3
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 MATHGE-V 
Numerical Methods 

 GROUP-A 

1. Answer all the questions from the following: 2×5=10

 (a) Given that 3

25
z
xyu  find the relative error at 1zyx  when the errors in 

each of x, y, z is 0.001. 
(b) Write the sufficient condition for convergence of Gauss-Seidel iteration method. 

(c) The equation 02 baxx  has two real roots  and . Show that 
kkk xbaxx )(1  is convergent near x  if |||| . 

(d) Calculate 1001.2511.25 , correct up to three significant figures. 
(e) Show that xanahxan eekke )1(][ . 

  

 GROUP-B 
Answer all the questions from the following 12×3=36

2.  (a) Find the polynomial of degree three relevant to the following data by Lagrange’s 
formula: 

x  – 1 0 1 2 

)(xf  1 1 1 – 3 
 

6

(b) Evaluate ∫
3

2 21 x
dx  by Trapezoidal Rule taking 10n  and compare the result with 

the exact value of the integration. 

6

  

3.  (a) Show that the Bisection method converges linearly. 6
(b) Determine a, b and c such that the formula

 ⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛∫ )(3)0()(

0

hcfhbfafhdxxf
h

 

is exact for polynomial of as high order as possible and determine the order of 
truncation error. 

6

  

4.  (a) Use Picard’s method to solve the differential equation 
2

2 yx
dx
dy  at 5.0x , 

correct to two decimal places, given that 1y  when 0x . 

6

(b) Solve the following system of linear equations by Gauss-Seidel method: 
 142520 zyx  
 17103 zyx  
 23104 zyx  

6
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 GROUP-C 

Answer all the questions from the following 7×2=14

5.  Using modified Euler’s method, find )4.4(y  by taking h = 0.2, from the 
following differential equation: 

 1)4(,025 2 yy
dx
dyx  

7

  

6. If the third order differences of a function )(xf  are constants and 

 ⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠

⎞
⎜
⎝

⎛
⎟
⎠

⎞
⎜
⎝

⎛
∫ 2

1
2

1)0()(
1

1

fffkdxxf , 

then find the value of k. 

7

 
——×—— 

 


