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UNIVERSITY OF NORTH BENGAL 
B.Sc. Honours 1st Semester Examination, 2022  

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

The figures in the margin indicate full marks. 

 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) Evaluate 
x

xe x

x cos1
13lim

3

0
. 3

(b) Find the equation of the tangent line to the curve 42tx , 428 2 tty  at 
t = 2 without eliminating the parameter. 

3

(c) Find the envelope of the family of ellipses 12

2

2

2

b
y

a
x , where the two parameters 

a, b are connected by the relation cba , c is a constant. 

3

(d) If the straight line pr )cos(  touches the parabola cos1r
l , show that 

2
seclp . 

3

(e) Find the degree of the differential equation satisfying

 )(11 22 yxayx . 

3

(f) Find the nature of the conic: 
 0152085 22 yxyxyx  

3

  

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

(a) If mxxy )( 21 , prove that 0)1( 2
12

2 ymyxyx . 6

(b) Find the asymptotes of the curve: 
2223223 yxyyxyxx  

6

(c) Find the area in the first quadrant included between the parabola bxy2  and the 
circle bxyx 222 . 

6

(d) Solve dxydyyx 2sin)tan( . 6
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(e) Reduce the equation 0444565 22 yxyxyx  to its canonical form and 
hence find the nature of the conic. 

6

(f) Find the equation of the sphere which passes through the points )4,2,0(  and 
)1,1,2(  and whose centre lies on the straight line yxzy 32025 . 

6

  

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

3.  (a) Find the values of p and q such that

3
1sin)cos1(lim 30 x

xqxpx
x

 

6

 (b) Find the range of values of x for which 75126 234 xxxxy  is concave 
upwards or downwards. Find also its point of inflexion, if any. 

6

  

4.  (a) Solve:  0)1()tan( 231 yxyx
dx
dy , when x = 0, y = 1. 6

(b) Solve:  
5
1

xy
xy

dx
dy . 6

  

5.  (a) Find the smallest sphere which touches the lines 
1

6
2
1

1
2 zyx  and 

1
3

6
3

7
3 zyx . 

6

(b) Find the point of inflexion on the curve 
)1(

aer . 6

  
6.  (a) The origin is shifted to the point )1,3(  and the axes are rotated through an angle 

4
31tan . If the coordinate of a point is )10,5(  in the new system, find the 

coordinate in the old system. 

6

(b) Find the area of the region bounded by the upper half of the circle 2522 yx , 
the x-axis and the ordinates 3x  and 4x . 

6

  

 GE2 
ALGEBRA 

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

(a) If ,,  be the roots of the equation 09182 23 xxx , then find the value 
of 22∑ . 

3

(b) 
7

cos21
xx , then find the value of 7

7 1
xx . 3

(c) If 
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

001
100
010

A , find the rank of 2AA . 3
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(d) Examine whether :T ℝ3  ℝ3 defined by 
),23,32(),,( zyxzyxzyxzyxT ; ),,( zyx ℝ3 is a linear 

mapping. 

3

(e) Examine whether the relation  on ℤ defined by 
 ),{( ba ℤ×ℤ }7bydivisibleis)43(: ba  is an equivalence relation or not. 

3

(f) If  is an eigenvalue of a non-singular matrix A, show that 1  is an eigenvalue of 
1A . 

3

  

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

(a) Reduce the equation 016123 23 xxx  to its standard form and then solve the 
equation by Cardan’s method. 

6

(b) Using Euclidean algorithm, find the values of U and  V, such that
1352971269 VU  

6

(c) If ,,  are the roots of the equation 0133 xx , find the equation whose 

roots are, ,  and . Hence find the value of ∑ )( . 

5+1

(d) If ⎟
⎠
⎞

⎜
⎝
⎛

24
tanlogx  and ℝ , then prove that ⎟

⎠
⎞

⎜
⎝
⎛

24
tanlog xii . 6

(e) Convert the matrix 

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

83222
52111
31111
94132

 

into echelon form, and hence find the solution set of the system of linear equations 
 179432 54321 xxxxx  
 63 54321 xxxxx  
 852 54321 xxxxx  
 1483222 54321 xxxxx  

6

(f) Let a, b, c be positive real numbers and 1cba . Show that 

 
27
8)1()1()1(8 cbaabc . 

6

  

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

3.  (a) Using the theory of congruences to prove that 1,52|7 3235 nnn . 3

(b) If )(mod mayax  and 1),(gcd ma , show that )(mod myx . 3

(c) If 
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

010
101
001

A , then prove that for every integer )3(n , IAAA nn 22 . 

Also find A50. 

4+2
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4.  (a) For any two integers m and n with 0n , show that there exists unique integers 
q and r such that rqnm , where either 0r  or nr .  

6

(b) If iiyx )log(tan , where 122 , then show that 

22
22

1
2)log(tan yx  

6

   
5.  (a) If p  and 82p  are both prime numbers then find the value of p . 4

(b) For what values of k and  the following system of equations: 124 321 xxx ; 
kxxx 2572 321 ; 12104 321 kxxx , has (i) a unique solution, (ii) no 

solution, (iii) infinitely many solutions over the field ℚ. 

8

  
6.  (a) Solve the equation 01624186 234 xxxx  4

(b) Determine the linear transformation :T ℝ3 ℝ2 which maps the basis vectors 
(1, 0, 0), (0, 1, 0), (0, 0, 1) of ℝ3 to the vectors (1, 1), (2, 3), (3, 2) respectively. 

(i) Find Tker  and TIm . 

(ii) Prove that T is not one-to-one but onto. 

8

  

 GE3 
DIFFERENTIAL EQUATION AND VECTOR CALCULUS 

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

(a) If S is defined by the rectangle ax || , by || , show that the function 
22),( yxyxf  satisfies the Lipschitz condition. Find the Lipschitz constant. 

3

(b) Find the Wronskian of }cos,sin,1{ xx . 3

(c) If ktjtitr ˆˆ23 323rr  then find 
dt
rd

dt
rd rr

2

2

. 3

(d) Find a particular integral of xyD 2sin)4( 2 . 3

(e) If 1||ar , 1||b
r

, 2||cr  and 0)( bcaa
rrrr , find the angle between ar  

and cr . 
3

(f) Evaluate xex
D

4
1

1
2 . 3

  

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

(a) (i) Solve:  xxy
xd
yd 3sinh4cosh4

4

. 3

 
(ii) Solve by the method of variation of parameters: xy

xd
yd sin42

2

. 3

(b) (i) Solve by the method of undetermined coefficients: 

  xey
xd

dy
xd
yd x 2sin3412522

2

 

4
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 (ii) Test the continuity at 0t  of  

  
0

0

;

;ˆˆˆ
)(

sin2

⎩
⎨
⎧

t

t

j

ktjit
tr t

t
r  

2

(c) (i) Show that  0)}({ rfr rrr
 where || rr r . 3

 (ii) A particle moves along the curve 22tx , tty 42 , 5tz , where t is 
the time. Find the components of its velocity and acceleration at time 1t  in 
the direction kji ˆ2ˆ2ˆ . 

3

(d) (i) If katjtaitar ˆtanˆsinˆcosr , then prove that tan,, 3
3

3

2

2

a
dt

rd
dt

rd
dt
rd

⎥
⎦

⎤
⎢
⎣

⎡ rrr

. 3

 (ii) If kxzjyziyxA ˆ20ˆ14ˆ)63( 22
r

, then evaluate rdA
C

rr
∫  from (0, 0, 0) to 

(1, 1, 1) along the path 32 ,, tztytx . 

3

(e) Solve:  xe
y

xd
yd

1
2

2

2

. 6

(f) Solve the system of simultaneous equations:

 xzy
dx
dy 32  

 xeyz
dx
dz 232  

6

  

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

(a) (i) Solve:  )21(816)21(6)21( 2

2
2 xy

dx
dyx

dx
ydx . 6

 
(ii) Solve:  22

2

2
x
ey

dx
dy

xd
yd x

. 
6

  

(b) (i) Solve:  0)1(4)1( 2
2

2

yx
dx
dyx

dx
yd  in series about the ordinary point 

1x . 

6

 (ii) Solve the differential equation:

  axya
xd
yd sec2
2

2

 

6

  
(c) (i) If ar  and b

r
are constant vectors prove that )(2}){(div babar

rrrrr  and 
abbar rrrrr }){(curl , where ,ˆˆˆ kzjyixrr || rr r . 

3+3

 (ii) A particle moves along the curve 22tx , tty 42 , 53tz . Find the 
components of velocity and acceleration at time 1t , in the direction 

kji ˆ2ˆ3ˆ . 

6

 (d) (i) Prove that accbba rrrrrr ,,  are coplanar if and only if cba rrr ,,  are 
coplanar. 

4
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 (ii) Prove that the necessary and sufficient that the vector )(tar  have constant 

direction is 0
dt
ada
r

r . 

4

 
(iii) Show that the vector 3r

rr  is both solenoidal and irrotational, where 

||,ˆˆˆ rrkzjyixr rr . 

4

  

 GE4 
GROUP THEORY 

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

(a) Prove that a group ),( oG  is abelian iff 111)( baba oo  for all Gba, . 3

(b) Find the order of the permutation ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
76823154
87654321

 3

(c) Prove that if a is a generator of a cyclic group G, then its inverse a  is also a 
generator of G. 

3

(d) Suppose that G  is a group and },:{)( GxxggxgGZ . Prove that )(GZ  is a 
normal subgroup of G . 

3

(e) Let G  be a group and Ga . If )(aO  be infinite and p  be a positive integer, then 
prove that )( paO  is also infinite. 

3

(f) State Second Isomorphism Theorem. 3
  

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

(a) (i) Let H  and K  be finite subgroups of a group G  such that HK  is a subgroup 
of G . Show that  

  
)(
)()()(

KHO
KOHOHKO

I
 

(ii) Find all cyclic subgroups of Klein’s 4 group. 

4+2

(b) (i) In a group ),(G , 1111 nnnn abba  and nnnn abba  hold for all Gba,  and 
for some integer n . Prove that G  is abelian. 

(ii) Find all elements of order 8 in the group (ℤ24, +) 

4+2

(c) For 1n , prove that the number of ever permutations and odd permutations in 
nS , are equal. 

6

(d) Let GGf :  be a group homomorphism. If H  be a subgroup of G  then prove 
that })(|{)(1 HafGaHf  is a subgroup of G . Further prove that, if H  
is normal in G , then )(1 Hf  is normal in G . 

3+3

(e) (i) Show that (ℚ, +) is not cyclic 
(ii) Prove that every proper subgroup of a group of order 6 is cyclic. 

3+3

(f) (i) Show that the groups (ℝ*, ·) and (ℝ, +) are not isomorphic. [ℝ* = ℝ – {0}]. 
(ii) Let G  be a group of order 10 and G  be a group of order 6. Prove that there 

does not exist a homomorphism of G  onto G . 

3+3
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 GROUP-C 
3. Answer any two questions: 12×2 = 24

  (a) (i) Let G  be a finite cyclic group generated by a . Prove that nGO )(  iff 
naO )(  

6

 (ii) Let H  be the set of all real matrices 

  
⎭
⎬
⎫

⎩
⎨
⎧

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
1: bcad

dc
ba

, Rdcba ,,, . 

 Prove that H  forms a non-commutative group under matrix multiplication. 

6

 (b) (i) If H  be a subgroup of a cyclic group G , then prove that the quotient group 
HG  is cyclic. Is the converse true? Justify your answer. 

6

 (ii) Prove that every subgroup of a cyclic group is cyclic. 6

(c) (i) Let ),( oG  be a group and Gba, . If abba oo  and )(aO  and )(bO  are 
prime to each other, show that )()()( bOaObaO oo . 

6

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

6

(d) (i) Find all homomorphisms from the group (ℤ6, +) to (ℤ4, +). 6

 (ii) Let H  be a cyclic subgroup of a group G . If H  is normal in G , then prove 
that every subgroup of H  is normal in G . 

6

  

 GE5 
NUMERICAL METHODS 

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

(a) Find the absolute, relative and percentage errors when 73  is approximated to 5 
significant figures. 

3

(b) Find an interpolating polynomial which interpolates )(xf  in such a way that 
1)0(f , 0)1(f , 2)2(f . 

3

(c) Show that 
⎭
⎬
⎫

⎩
⎨
⎧

)(
)(1log)(log

xf
xfxf . 3

(d) Find the Newton Raphson formula to find 3 N , where N  is a positing integer. 3

(e) What is Regular-Falsi method for numerical solution of the equation 0)(xf . 
Interprete this geometrically. 

3

(f) How should the constant  be chosen to ensure the fastest possible convergence 
with the iteration formula 

 ?
1

12

1
nn

n
xxx  

3

  

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

(a) Find positive roots of the equation 0193 xx  lying between 2 and 3 upto two 
significant digits by method of bisection. 

6
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(b) Evaluate ∫
1

0

2 )35( dxxx , taking 10 intervals by using trapezoidal Rule. Also 

compute the exact value and, find the absolute and relative errors. 

6

(c) Explain the method of bisection for computing a real root of an equation 0)(xf  
with its advantages and disadvantages. 

6

(d) Find the roots of 07log2 10 xx  by the method of iteration correct to four 
decimal places. 

6

(e) Use Picard’s method to compute )1.0(y  and )2.0(y  from the equation 

xy
dx
dy 1 , 1)0(y . 

6

(f) Solve by Gauss-Seidel iteration method, the system: 
 11293 321 xxx  
 241324 321 xxx  
 824 321 xxx  
correct upto four significant figures. 

6

  
 GROUP-C 
 Answer any two questions from the following 12×2 = 24
3.  (a) Solve by using suitable interpolation formula to find )10(f  correct upto three 

places of decimal from the following value of )(xf : 
x  5 6 9 11

)(xf 12 13 14 16
 

6

 (b) If a number is corrected to n  significant figures and the first significant figure of 
the number is k , then show that the relative error 

110
1

nr k
. 

6

  
4.  (a) Solve by Euler’s modified method the following equation for 02.0x  by taking 

step length yx
dx
dyh 2:01.0 , 1)0(y . 

6

(b) Evaluate ∫
2

0

cos dxx , by Simpson’s one-third rule taking 6n . 6

  
5.  (a) Find the real roots of the equation 0123 xx  using fixed point iteration 

method, correct upto six decimal places. 
6

(b) Explain Newton-Raphson method and its convergence. 6
  

6.  (a) Calculate the value of y  when 6.1x  from the following data table: 
x  0 4 8 12 16 
y  1.0 1.5 3.6 7.9 14.6

 

6

(b) Solve the system of linear equations by using Gauss-Jordan method: 
 18323 321 xxx  
 102 321 xxx  
 1694 321 xxx  

6

 ——×—— 
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