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UNIVERSITY OF NORTH BENGAL 
B.Sc. Honours 1st Semester Examination, 2021  

GE1-P1-MATHEMATICS 
Time Allotted: 2 Hours Full Marks: 60 

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

 The question paper contains GE1, GE2, GE3, GE4 and GE5.  
Candidates are required to answer any one from the five courses and  

they should mention it clearly on the Answer Book. 

 GE1 
CALCULUS, GEOMETRY AND DIFFERENTIAL EQUATION 

 GROUP-A 

1. Answer any  four  questions from the following: 3×4 = 12

(a) Find the points of inflexion on the curve 22 )1( TT ar  � . 3

(b) Find the envelopes of the lines 1 � b
y

a
x , where a and b are parameters related 

by cba  � . 

3

(c) Find the equation of the sphere through the circle 42,9222  �� �� zyxzyx  
and the origin. 

3

(d) Evaluate dxxe x∫ �
1

0

 using reduction formula. 3

(e) Obtain the singular solution of the equation 1)( 22 � � pyxp , where dxdyp  . 3

(f) Determine the nature of the quadric 0292622565 22  ����� yxyxyx . 3
  

 GROUP-B 
2. Answer any four questions from the following: 6×4 = 24

(a) If 1||,
1

sin 1
�

�
 

�
x

x
xy , then prove that 0)1()32()1( 2

12
2  ����� �� nnn ynxynyx . 6

(b) Find the asymptotes of the curve 01084842 3223  ������ yxyxyyxx . 6

(c) Find the area of the region lying between the cissoid 
xa

xy
�

 
2

3
2  and its 

asymptote. 

6

(d) Solve: 0)21()12( 22  ���� dyyxxyxdxxyy  6

(e) Find a, b such that,  1sin)cos1(lim 30
 ��

� x
xbxax

x
. 6

(f) Find the volume of the solid generated by revolving the cardioid )cos1( T� ar  
about initial line. 

6
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 GROUP-C 
 Answer any two questions from the following 12×2 =24

3.  (a) Find the range of values of x for which 75126 234 ���� xxxxy  is concave 
upward or downward. 

6

 (b) Find the length of the arc of the cardioid )cos1( T� ar  lying inside the circle 
Tcosar  . 

6

  

4.  (a) Solve by using Bernoulli form 2
2 )(loglog y

x
yyx

y
dx
dy  � . 7

(b) Solve:  0)( 212 3
 �� dyyxdxexy x  5

  
5.  (a) Reduce the equation 081616727 22  ����� yxyxyx  to its canonical form and 

hence determine the nature of the conic. 
8

(b) Find the equation of the sphere for which the circle ,0227222  ����� zyzyx
8432  �� zyx  is a great circle. 

4

  
6.  (a) Find the value of )0(ny , where )1log( 2xxy �� . 6

(b) If ∫ 
2

0
, sincos

S

dxnxxI m
nm , then show that 1,1,

1
���

�
�

 nmnm I
nm

m
nm

I . 6

  

 GE2 
ALGEBRA 

 GROUP-A 
1. Answer any four questions from the following: 3×4 = 12

(a) Apply Descarte’s rule of signs to find the nature of the roots of the equation 
024  ��� pnxmxx , where m, n, p are positive. 

3

(b) Prove that 2 �� ii . 3
(c) Prove that the eigenvalues of a real skew symmetric matrix are purely imaginary or 

zero. 
3

(d) Find the sum of 99th power of the roots of the equation 017  �x . 3
(e) Use Cayley-Hamilton theorem to find A–1 for the matrix 

 
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
 

232
121
001

A  

3

(f) Find the quadratic equation whose roots are twice the roots of 0252 2  �� xx . 3
  

 GROUP-B 
2. Answer any four questions from the following: 6×4 = 24

(a) If xx 1cos2 � T  and T  is real, prove that n
n

x
xn 1cos2 � T ,  n being an integer. 6
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(b) Solve the equation 01516566416 234  ���� xxxx  whose roots are in arithmetic 
progression. 

6

(c) Find integers u and v satisfying 52u – 91v = 78. 6

(d) Find all eigenvalues and eigenvectors of the matrix 
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
 

112
134
102

A . 6

(e) For what values of O the following system of equations are consistent? 

 
264

42
1

O
O

 ��
 ��

 ��

zyx
zyx

zyx
 

6

(f) Use Cayley-Hamilton theorem to find A100 ,  where 
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
 

010
101
001

A . 6

  

 GROUP-C 
 Answer any two questions from the following 12×2= 24

3.  (a) If EDMT ii � � )sin(log , then prove that TMD 2cos2cosh2 2 � e . 6
(b) Find the relation among the coefficients of the equation 

0464 43
2

2
3

1
4

0  ���� axaxaxaxa , so that the second term and the fourth term 
may be removed by the transformation hyx � . 

6

  
4.  (a) If JED ,,  are the roots of the equation 03  �� rqxx , find the equation whose

roots are JEDEDJDJE 2,2,2 ������ . 
6

(b) Determine all values of 43)31( i�  and show that their product is 8. 4+2
   

5.  (a) Solve the equation 03553 23  ��� xxx , which has three distinct roots of equal 
moduli. 

6

(b) If roots of 023  ��� dcxbxax  are in arithmetic progression. Show that 
02792 23  �� daabcb . 

6

  
6.  (a) Determine the conditions for which the system of equation has 

(i) only one solution 
(ii) no solution 
(iii) infinitely many solution. 

 
13

32
12

� ��
 ��

 ��

bzayx
bzyx

zyx
 

2+2+2

(b) The matrix of a linear mapping T : ℝ3 → ℝ3 with ordered basis 
)}0,1,1(),1,0,1(),1,1,0{(  of ℝ3 is given by 

 
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

�
�

212
232
030

 

Find the matrix of T relative to the ordered basis )}2,1,1(),1,2,1(),1,1,2{(  of ℝ3.

6
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 GE3 
DIFFERENTIAL EQUATION AND VECTOR CALCULUS 

 GROUP-A 
1. Answer any four questions  from the following: 3×4 = 12

(a) Show that the function 2),( xyyxf   does not satisfy the Lipschitz condition on the 
strip ��� ||,1|| yx . 

(b) Find the Wronskian of }1,1,1{ 32 xxxx ���� . 
(c) Define Lipschitz constant. Find Lipschitz constant for the function 22),( yxyxf  

defined on 1||,1|| �� yx . 

(d) Solve:  02 3

3

4

4

5

5

 ��
dx

yd
dx

yd
dx

yd  

(e) Examine whether the vector valued function k
t

jeitr t ˆ
3

1ˆˆ3

�
�� r  is continuous at 

3� t  or not. 

(f) Evaluate:   ⎥
⎦

⎤
⎢
⎣

⎡
��

��
���

�
� �

�
ketj

tt
tti

t
t t

t
ˆ)1(ˆ

2
23ˆ

1
1lim 12

2

23

1
 

  

 GROUP-B 
2. Answer any four questions from the following: 6×4 = 24

(a) (i) If y1 and y2 are two independent solutions of the linear equation 

02

2
 �� qy

dx
dyp

dx
yd , then show that the Wronskian ∫ 

� dxp
AeyyW ),( 21 , 

where A is a constant. 
(ii) Show that the functions }4sin,4cos,{ 222 xexee xxx  are linearly independent. 

3+3

(b) Show that linearly independent solutions of xeyyy x sinare022  �����  and 
xex cos . What is the general solution? Find the solution y(x) with the conditions 

3)0(,2)0( � � yy . 

6

(c) Solve:   )(1022 1
2

2
2

3

3
3 �� �� xxy

dx
ydx

dx
ydx  6

(d) Solve:   
dx
dDxxyD � � ,sin)1( 3  6

(e) (i) Find the co-ordinates of the point where the line ktjtitr ˆ3ˆ)21(ˆ ��� r  
intersects the plane 23  �� zyx . 

(ii) Show that the graph of 0,ˆ1ˆ1ˆ)(
2

!���� tk
t
tj

t
tittrr  lies on the plane 

01  ��� zyx . 

3+3

(f) (i) Find the domain of the vector function tthtFth sin)(where),()(   and 

k
t

j
t

i
t

tF ˆ
tan

1ˆ
sin

1ˆ
cos

1)( �� . 

(ii) Find ktjtittFtGF ˆ)(sinˆˆ)(if)()( 2 �� �  and kj
t

ittG ˆ5ˆ1ˆ)( 2 �� . 

3+3
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 GROUP-C 
 Answer any two questions from the following 12×2 =24

3.  (a) (i) Solve by the method of variation of parameters xxey
dx
dy

dx
yd x log22

2

 �� . 

(ii) Evaluate:   xxe
DD

3
2 23

1
��

 

(iii) Solve:   2)0(,1)0(,1162

2
 �  � yyy

dx
yd  

5+3+4

(b) (i) Solve by using the method of undetermined coefficient 
 1161810)6( 322 ��� �� xeeyDD xx  
(ii) Solve:   xexyDDD x sin43)32( 22234 �� ��  

6+6

(c) (i) Solve the equations 

  
⎪
⎩

⎪
⎨

⎧

 

� 

wxdt
dy

wydt
dx

 

 and show that the point (x,  y) lies on a circle. 
(ii) Solve the system of equations 

  
⎪
⎩

⎪
⎨

⎧

� 

�� 

yx
dt
dy

yx
dt
dx

2

6
 

6+6

(d) (i) Find the slope of the line in R2 for the vector equation 
   jtittr ˆ)52(ˆ)21()( ��� r  
(ii) Define continuity of a vector valued function. 

(iii) Show that the vector function 
⎪⎩

⎪
⎨
⎧

 
��� 

0,ˆ
0,ˆˆˆ

)(
2sin

ti
tktjtitr t

tr   

 is continuous at t = 0. 
(iv) Find a vector function F whose graph is the curve of intersection of the 

hemisphere 224 yxz ��  and the curve 2xy  . 

4+1+4+3

  

 GE4 

GROUP THEORY 

 GROUP-A 
1. Answer any four questions from the following: 3×4= 12

(a) Let (S, o ) be a semigroup. If for all 22,, xyyyxSyx oo   ± , prove that (S, o ) 
is an abelian group. 

3

(b) Suppose H, K are subgroups of index 2 in a group G. Prove that KH ª  is a normal 
subgroup of G. 

3

(c) Let 〉〈 aG  be a cyclic group of order n. Prove that every subgroup of G is of the 
form 〉〈 ma , where m is a divisor of n. 

3

(d) Find all elements of order 10 in the group (ℤ30, +). 3
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(e) Show that there does not exist an onto homomorphism from the group (ℤ6, +) to 
(ℤ4, +). 

3

(f) Prove or disprove:   (ℚ, +) is isomorphic to (ℚ+, º ) 3
  

 GROUP-B 
2. Answer any four questions from the following: 6×4 = 24

(a) Let S be the set of all permutations on the set {1, 2, 3}. Show that S forms a non-
abelian group with respect to multiplication. 

6

(b) Suppose that the order of an element a in a group (G,o ) is n. Show that 

d
naO m  )( , where ),(gcd nmd  . Find the order of 1�n  in (ℤn , +). 

4+2

(c) (i) Let H be a subgroup of a group G and Gba ±, . Prove that Hab±  iff
Hba ±�1 . 

(ii) Let H be a subgroup of a group G. Show that the set of all distinct left cosets 
of H in G and the set of all distinct right cosets of H in G have the same 
cardinality. 

2+4

(d) (i) If H is a subgroup of G and N is a normal subgroup of G, then show that 
NH ª  is a normal subgroup of H. 

(ii) Prove that N is a normal subgroup of G iff gNg–1 = N for every Gg ± . 

4+2

(e) (i) Let (G, o ) be a group and H, K be subgroups of (G, o ). Show that HK forms a 
subgroup of (G, o ) iff HK = KH. 

(ii) Check whether the union of two subgroups of a group (G, o ) is a subgroup of 
(G, o ) or not? 

4+2

(f) (i) Let (G, o ) be a group and a mapping GG �:M  is defined by 
Gxxx ± ,)( 2M . Prove that M  is a homomorphism iff G is commutative. 

(ii) Prove that (ℤ4 , +) and “Klein’s 4-group” are not isomorphic. 

4+2

  

 GROUP-C 
 Answer any two questions from the following 12×2 =24

3.  (a) (i) Let )},1,1({,3 º� � GSG  and GG ��:M  is defined by 

 
⎩
⎨
⎧

�
 

3

3

innpermutatiooddanbe,1
innpermutatioevenanbe,1

)(
S
S

D
D

DM . 

Then, (I) Show that M  is homomorphism. 
 (II) Find Mker . 
 (III) Deduce that A3 is a normal subgroup of S3. 

4+2+2

 (ii) Prove that a finite cyclic group of order n is isomorphic to (ℤn , +). 4

(b) (i) Let H be a normal subgroup of G. Prove that the quotient group G/H is 
abelian iff Hyxyx ±�� 11  for all Gyx ±, . 

(ii) Suppose that a subgroup H of a group G has the property that Hx ±2  for 
every Gx ± . Prove that H is normal in G and G/H is abelian. 

(iii) Let 
⎩
⎨
⎧

±⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
 dba

d
ba

G ,,:
0

ℝ and 0�ad   and 
⎩
⎨
⎧

±⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
 b

b
H :

10
1 ℝ  . Show 

that H is a normal subgroup of G. 

4+4+4
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(c) Let M be the set of all real matrices 
⎭
⎬
⎫

⎩
⎨
⎧

��⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
0: ba

bb
aa

. Prove that 

(i) (M, o ) is a semi-group under matrix multiplication. 
(ii) there is no left identity in the semi-group. 

(iii) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
00
11

 is a right identity. 

4+4+4

(d) (i) Let *),(),,( GG �o  be two groups and *),(),(: GG ��oM  be an onto 
homomorphism. Then prove that GG ��~kerM . 

(ii) Let G be a cyclic group of order 10 and G�  be a cyclic group of order 5. Show 
that there exists a homomorphism M  of G onto G�  with 2)(ker  Mo . 

6+6

  

 GE5 
NUMERICAL METHODS 

 GROUP-A 

1. Answer any four  questions from the following: 3×4 = 12
(a) If xxxf 6cos4)( � , find the relative percentage error in )(xf  for x = 0, if the 

error in x = 0.005. 
3

(b) Deduce the iterative procedure )(2
1

1
n

nn x
axx � �  for evaluating a  using Newton-

Raphson method. 

3

(c) Prove that 23
2

6xhx
E

 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ '  where the notations used have their usual meanings. 3

(d) Show that nn Dyhy ]1[ 2
1 12

5
2
1 LL�´�´� ´ � , where D is the differential 

operator. 

3

(e) Write down the convergence of bisection method.  3
(f) What is the geometrical significance of Simpson’s one-third rule? 3

  

 GROUP-B 
2. Answer any four questions from the following: 6×4 = 24

(a) If a number is connected to n significant figures and the first significant figure of 

the number is k, then prove that the relative error 110
1

�º
� nr k

H . 

6

(b) Find the positive root of the equation 013  �� xx  by fixed point iteration method 
correct upto three decimal places. 

6

(c) Find a real root of the equation 022  �� xxx  correct upto five decimal places 
using bisection method. 

6

(d) Define backward difference operator ´  and shifting operator E. Show that 

 ∑
�

 
'�' '

1

0
0

2
n

k
nk fff  

6
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(e) Use Runge-Kutta method of order two to find )10( ºy  and )20( ºy  correct upto four 

decimal places given 2)0(,  � yxydx
dy . 

6

(f) Explain Gauss-Seidel method for solving a system of linear equations. Obtain the 
sufficient condition for convergence of Gauss-Seidel method. 

6

  

 GROUP-C 
 Answer any two questions from the following 12×2 =24

3.  (a) Evaluate ∫ �
2

0

2sin162.01
S

TT d , by Simpson’s 3
1 rd rule, correct upto 4 decimal 

places taking 12 points. 

6

(b) Given 2)3.0(,
1

 
�

� y
x
y

dx
dy . Compute y(1) by Euler’s method, correct upto four 

decimal places, taking step length h = 0.1. 

6

  
4.  (a) Solve the system of equations by Gauss-elimination method

 
824
241324

11293

� ��
 ��

 ��

zyx
zyx

zyx
 

correct upto 2 decimal places. 

6

(b) Using Newton-Raphson method find a positive root of the equation 03  � xex  
correct upto four decimal places. 

6

  
5.  (a) Find )(xf  as a polynomial in x by using the following table: 

x 0 2 4 6 8 

)(xf 2.51881 2.53148 2.54407 2.55630 2.56820 
 

6

(b) Obtain the missing terms in the following table: 

x 1 2 3 4 5 6 7 8 

)(xf  1 8 * 64 * 216 343 512 
 

6

  
6.  (a) Explain the method of fixed point iteration with the condition of convergence for 

numerical solution of an equation of the form )(xx I . 
6

(b) What is interpolation? Establish Lagrange’s polynomial interpolation formula. 6
 

——×—— 
 


