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UNIVERSITY OF NORTH BENGAL 
B.Sc. Honours 4th Semester Examination, 2023 

GE2-P2-MATHEMATICS 

(REVISED SYLLABUS 2023) 

Time Allotted: 2 Hours Full Marks: 60 

The figures in the margin indicate full marks. 

The question paper contains MATHGE4-II, MATHGE4-III,  
MATHGE4-V. The candidates are required to answer any one from the three courses. 

Candidates should mention it clearly on the Answer Book. 

 MATHGE4-II 

ALGEBRA 

 

 GROUP-A  

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

(a) Prove that 


 n
nn

n ,
2

)1(
21  ℕ, by the principle of induction. 3 

(b) Show that the product of all values of 43)31( i  is 8. 3 

(c) Prove that an inverse of the equivalence relation is an equivalence relation. 3 

(d) Find the number and nature of real roots of the equation: 

 0524 234  xxxx . 

3 

(e) Find all eigen values of the following matrix:  

 





















110

121

211

. 

3 

(f) Find the rank of the matrix 
















441

312

753

. 3 

   

 GROUP-B  

 Answer any four questions 6×4 = 24 

2. Prove that )( 22226666 dcbaabcddcba   where a, b, c, d are four 
positive real numbers. 

6 

3. Using the principle of induction, prove that 11010 1  nn  is divisible by 3 for all n ℕ. 6 

4. Solve the system of equations using row reduced form: 
 12  zyx  

 323  zyx  

 127  zyx  

6 
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5. Verify Cayley-Hamilton theorem for the following matrix: 

 

















010

110

201

A  

Hence find 1A  and 9A . 

6 

6. Solve: 014382 234  xxxx , whose the sum of two roots is zero. 6 

7.   Solve by Ferrari’s method: 

 082064 234  xxxx  

6 

   

 GROUP-C  

 Answer any two questions 12×2 = 24 

8.  (a) If  ,,  be the roots of the equation 023  rqxpxx , find the equation 

whose roots are 222222222 ,,   . 

3 

(b) Find the least positive residue in )23(mod241 . 3 

(c) Show that 1212 ba   is divisible by 91 if a and b both are prime to 91. 6 
   

9.  (a) Reduce the matrix A to its row reduced echelon form and hence find its rank, 

where 

























0211

2013

1101

1310

A . 

4 

(b) If p is a prime and a, b are positive integers, then show that 

 )(mod)()( pbaba p  . 

4 

(c) Find two integers u and v satisfying 302454  vu . 4 
   

10.(a) Solve 0766 23  xxx  by Cardon’s method. 6 
(b) If 0coscoscos    and 0sinsinsin   , prove that  

 )cos(33cos3cos3cos    

 and  )sin(33sin3sin3sin    

6 

   
11.(a) Find   2cosh2cos ,  if  sectan)sin( ii  . 5 

(b) Prove that every square matrix satisfies its own characteristic equation. 7 
   

 MATHGE4-III 

DIFFERENTIAL EQUATION AND VECTOR CALCULUS 

 

 GROUP-A  

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

(a) Show that 1x  is a singular point of the ordinary differential equation. 

 0)1(
2

2
2  y

dx

dy
x

dx

yd
x  
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(b) Evaluate: x
D

3sin
9

1
2 

 
 

(c) Find all three solutions of 0485 2

2

3

3


dx

dy

dx

yd

dx

yd
 and show that they are 

Linearly independent. 

 

(d) Show that the derivative of a vector of constant length is perpendicular to the 
vector. 

 

(e) A particle moves along a curve tztyex t 4sin2,4cos2,   , where t is time. 
Determine its velocity and acceleration at t . 

 

(f) Evaluate 
2re  where 2222 zyxr  .  

   

 GROUP-B  

 Answer any four questions from the following 6×4 = 24 

2. Solve by Method of undetermined coefficients xex
dx

dy

dx

yd x sin32

2

 . 6 

3. Solve:  3
2

2

3

3

4

4

2 x
dx

yd

dx

yd

dx

yd
  6 

4. Solve xy
dx

yd
2

2

 in powers of x. 6 

5. Solve:  xzy
dx

dy
 32  

 xeyz
dx

dz 232   

6 

6. If kxjzixyF ˆ10ˆ5ˆ3 


, evaluate  
C

rdF


 along the curve C given by 12  tx , 

32 ,2 tzty   from 1t  to 2t . 

6 

7.   Find the directional derivative of the function 
21222 )(

1

zyx
f


  at the point 

(3, 1, 2) in the direction of the vector kxyjzxiyz ˆˆˆ  . 

6 

   

 GROUP-C  

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

8.  (a) Solve: 22

2
2

)1(

1
3

x
y

dx

dy
x

dx

yd
x


  6 

(b) Solve by method of variation of parameters axya
dx

yd
tan2

2

2

 . 6 

   

9.  (a) Solve xexy
dx

dy
x

dx

yd
x 3

2

2

2)2(   after determination of a solution of its 

reduced equation. 

6 
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(b) Solve: tteyx
dt

xd 3
2

2

4   

 txy
dt

yd 2
2

2

cos2   

6 

   

10.(a) Evaluate  
C

rdF


 along the curve 1,122  zyx  in the positive direction from 

(0, 1, 1) to (1, 0, 1) if  kzxyjxziyzxF ˆ)2(ˆˆ)2( 


. 

6 

(b) If zxyzxywzyxvzyxu  ,, 222 ,  prove that  

 0)]grad()grad[()grad(  wvu  

6 

   

11.(a) Prove that   )(
)()(

)()()( tG
dt

tFd

dt

tGd
tFtGtF

dt

d 
 . 4 

(b) Prove that grad  is an irrotational vector field. 4 

(c) State Green’s theorem and show that it is a particular case of Stoke’s theorem. 4 

   

 MATHGE4-V 

NUMERICAL METHODS 

 

 GROUP-A  

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

(a) If 
6
5  represent approximately by 0.8333. Find relative error and percentage error.  

(b) Evaluate:  x
E 






 2

 
 

(c) What is the geometrical representation of the Regula-Falsi method?  

(d) State three differences between direct and iterative methods.  

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

5
2
11   , where D is the differential operator.  

(f) Prove that 1)1()1(  .  
   

 GROUP-B  

 Answer any four questions from the following 6×4 = 24 

2. Explain the Secant method for numerical solution of the equation 0)( xf .  

3. Use iterative formula to evaluate 7 125 , correct upto four significant figures.  

4. Deduce Newton’s backward interpolation formula with error terms.  

5. Find )02.1(f  from the following table: 

x 1.00 1.10 1.20 1.30 
)(xf  0.8415 0.8912 0.9320 0.9636 
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6. The equation 02  qpxx  has two real roots , . Show that the iteration 

method 
k

k
k x

qpx
x


1  is convergent near x , if ||||   . 

 

7.   Evaluate 
2

0

sin


dxx , taking 6n , correct upto four significant figures by 

Simpson’s 
rd

3
1  rule. 

 

   

 GROUP-C  

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

8.  (a) Describe Newton’s-Raphson method and find the geometrical interpretation of 
Newton’s-Raphson method. 

6 

(b) Find the positive root of the equation 013  xx  by fixed point iteration 
method correct to three decimal places. 

6 

   
9.  (a) Explain the 2nd order Runge-Kutta method for the numerical solution of a 

1st order differential equation ),( yxf
dx

dy
  subject to the initial condition 

0yy  , when 0xx  . 

6 

(b) Solve by modified Euler’s method, the following differential equation for 1x  
by taking 2.0h ; 

 1,  yxy
dx

dy
  when 0x  

6 

   
10.(a) Find a polynomial of least degree for the data 1)1( f , 1)1(,1)0(  ff  and 

5)2( f . 
6 

(b) Use Gauss-elimination method to solve the following system: 

 01003610 321  xxx  

 0100556 321  xxx  

 01001063 321  xxx  

Correct upto three significant figures. 

6 

   
11.(a) Compute 5.3log10  from the data set:  

x 2 3 5 7 

x10log  0.301 0.477 0.699 0.845 
 

6 

(b) Compute the values of the unknowns in the system of equation by Gauss-Jordan’s 
matrix inversion method: 

 55.162.12.21.6 321  xxx  

 55.105.15.52.2 321  xxx  

 80.162.75.12.1 321  xxx  

6 

 
——×—— 
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UNIVERSITY OF NORTH BENGAL 
B.Sc. Honours 4th Semester Examination, 2023 

GE2-P2-MATHEMATICS 

(OLD SYLLABUS 2018) 

Time Allotted: 2 Hours Full Marks: 60 

The figures in the margin indicate full marks. 

 
The question paper contains MATHGE4-I, MATHGE4-II, MATHGE4-III,  

MATHGE4-IV & MATHGE4-V. The candidates are required to answer any one from the five 
courses. Candidates should mention it clearly on the Answer Book. 

 MATHGE4-I 

CAL. GEO. AND DE. 

 

 GROUP-A  

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

(a) If xy 4cos , then find ny . 3 

(b) Evaluate the following limit 

 
)1log(

1sin
lim

0 x

xex

x 



 

3 

(c) Find the centre and radius of the sphere 05642222  zyxzyx . 3 

(d) Find the point of inflexion of the curve )3()2()1(  yyyx . 3 

(e) Find the length of one arc of the cycloid )cos1(,)sin(   ayax . 3 

(f) Solve: yxe
dx

dy 1  3 

   

 GROUP-B  

 Answer any four questions from the following 6×4 = 24 

2. Find the envelope of the family of ellipse 1
2

2

2

2


b

y

a

x
, where the parameters a 

and b are connected by cba   where c is a constant. 

6 

3. Find the asymptotes of the curve 0122 224334  yxyxxyxxyy . 6 

4. Trace the curve )1( 222 xxy  . 6 

5. If  
 dt

t

t
I

n

n 21
, show that n

n

n I
n

t
I 






 1

1

2 . Hence find 5I . 6 

6. Reduce the following equation to its canonical form and determine the nature of 
the conic represented by it:  

 0926244 22  yxyxyx  

6 
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7.  (a) Solve: 0)1(2  dyyxdxy  4+2 

(b) Find the integrating factor of 02)( 342  dyydxxyx .  

   

 GROUP-C  

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

8.  (a) Evaluate: x

x
x log1

0
)(cotlim


 4 

(b) Find  dxex ax4 . 4 

(c) Find the equation of the sphere for which the circle 

0227222  zyzyx , 8432  zyx  is a great circle. 

4 

   

9.  (a) Solve the differential equation: 0)( 212 3

 dyyxdxexy x . 4 

(b) Obtain the differential equation of all parabolas each of which has a latus rectum 
4a, and whose axes are parallel to the x-axis. 

4 

(c) Solve: 0)32()4( 232 22

 dyyxyedxxey xyxy . 4 

   
10.(a) A plane passing through a fixed point (a, b, c) cuts the axes at A, B, C. Show that 

the locus of the centre of the sphere OABC is 2 z
c

y
b

x
a . 

6 

(b) Find the equation of the right circular cylinder which passes through the point 

(3, –1, 1) and has the line 
1

2
1
3

2
1 




 zyx  as axis. 

6 

   

11.(a) Find the condition that the line  sincos bar
l   may touch the conic 

)cos(1   er
l . 

6 

(b) Show that the whole area of the curve )2(322 xaxya   is 2a . 6 
   

 MATHGE4-II 

ALGEBRA 

 

 GROUP-A  

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

(a) Prove that 


 n
nn

n ,
2

)1(
21  ℕ, by the principle of induction. 3 

(b) Show that the product of all values of 43)31( i  is 8. 3 

(c) Prove that an inverse of the equivalence relation is an equivalence relation. 3 

(d) Find the number and nature of real roots of the equation: 

 0524 234  xxxx . 

3 

(e) Find all eigen values of the following matrix: 





















110

121

211
. 3 

(f) Find the rank of the matrix 
















441

312

753
. 3 
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 GROUP-B  

 Answer any four questions 6×4 = 24 

2. Prove that )( 22226666 dcbaabcddcba   where a, b, c, d are four 
positive real numbers. 

6 

3. Using the principle of induction, prove that 11010 1  nn  is divisible by 3 for all n ℕ. 6 

4. Solve the system of equations using row reduced form: 
 12  zyx  

 323  zyx  

 127  zyx  

6 

5. Verify Cayley-Hamilton theorem for the following matrix: 

 

















010

110

201

A  

Hence find 1A  and 9A . 

6 

6. Solve: 014382 234  xxxx , whose the sum of two roots is zero. 6 

7.   Solve by Ferrari’s method: 082064 234  xxxx  6 
   

 GROUP-C  

 Answer any two questions 12×2 = 24 

8.  (a) If  ,,  be the roots of the equation 023  rqxpxx , find the equation 

whose roots are 222222222 ,,   . 

3 

(b) Find the least positive residue in )23(mod241 . 3 

(c) Show that 1212 ba   is divisible by 91 if a and b both are prime to 91. 6 
   

9.  (a) Reduce the matrix A to its row reduced echelon form and hence find its rank, 

where 

























0211

2013

1101

1310

A . 

4 

(b) If p is a prime and a, b are positive integers, then show that 

 )(mod)()( pbaba p  . 

4 

(c) Find two integers u and v satisfying 302454  vu . 4 
   

10.(a) Solve 0766 23  xxx  by Cardon’s method. 6 

(b) If 0coscoscos    and 0sinsinsin   , prove that  

 )cos(33cos3cos3cos    

 and  )sin(33sin3sin3sin    

6 

   
11.(a) Find  2cosh2cos ,  if  sectan)sin( ii  . 5 

(b) Prove that every square matrix satisfies its own characteristic equation. 7 
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 MATHGE4-III 

DIFFERENTIAL EQUATION AND VECTOR CALCULUS 

 

 GROUP-A  

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

(a) Show that 1x  is a singular point of the ordinary differential equation. 

 0)1(
2

2
2  y

dx

dy
x

dx

yd
x  

 

(b) Evaluate: x
D

3sin
9

1
2 

 
 

(c) Find all three solutions of 0485 2

2

3

3


dx

dy

dx

yd

dx

yd
 and show that they are 

Linearly independent. 

 

(d) Show that the derivative of a vector of constant length is perpendicular to the vector.  

(e) A particle moves along a curve tztyex t 4sin2,4cos2,   , where t is time. 
Determine its velocity and acceleration at t . 

 

(f) Evaluate 
2re  where 2222 zyxr  .  

   

 GROUP-B  

 Answer any four questions from the following 6×4 = 24 

2. Solve by Method of undetermined coefficients xex
dx

dy

dx

yd x sin32

2

 . 6 

3. Solve:  3
2

2

3

3

4

4

2 x
dx

yd

dx

yd

dx

yd
  6 

4. Solve xy
dx

yd
2

2

 in powers of x. 6 

5. Solve:  xzy
dx

dy
 32  

 xeyz
dx

dz 232   

6 

6. If kxjzixyF ˆ10ˆ5ˆ3 


, evaluate  
C

rdF


 along the curve C given by 12  tx , 

32 ,2 tzty   from 1t  to 2t . 

6 

7.   Find the directional derivative of the function 
21222 )(

1

zyx
f


  at the point 

(3, 1, 2) in the direction of the vector kxyjzxiyz ˆˆˆ  . 

6 

   

 GROUP-C  

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

8.  (a) Solve: 22

2
2

)1(

1
3

x
y

dx

dy
x

dx

yd
x


  6 

(b) Solve by method of variation of parameters axya
dx

yd
tan2

2

2

 . 6 
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9.  (a) Solve xexy
dx

dy
x

dx

yd
x 3

2

2

2)2(   after determination of a solution of its 

reduced equation. 

6 

(b) Solve: tteyx
dt

xd 3
2

2

4   

 txy
dt

yd 2
2

2

cos2   

6 

   

10.(a) Evaluate  
C

rdF


 along the curve 1,122  zyx  in the positive direction from 

(0, 1, 1) to (1, 0, 1) if  kzxyjxziyzxF ˆ)2(ˆˆ)2( 


. 

6 

(b) If zxyzxywzyxvzyxu  ,, 222 ,  prove that  

 0)]grad()grad[()grad(  wvu  

6 

   

11.(a) Prove that   )(
)()(

)()()( tG
dt

tFd

dt

tGd
tFtGtF

dt

d 
 . 4 

(b) Prove that grad  is an irrotational vector field. 4 

(c) State Green’s theorem and show that it is a particular case of Stoke’s theorem. 4 
   

 MATHGE4-IV 

GROUP THEORY 

 

 GROUP-A  

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

1. Prove that a group )( G  contains only one identity element. 3 

2. Prove that in a group 111)(   ababG  for all Gba , . 3 

3. Show that the set of matrices 

 












































10

01
,

10

01
,

10

01
,

10

01
 

forms a commutative group under matrix multiplication. 

3 

4. Let a be an element of a group G. If naO )(  and eam  , then show that n is a 
divisor of m. 

3 

5. Prove that every cyclic group is abelian. 3 

6. Let  )( G (ℤ, +) and a mapping GG :  be defined by 1)(  xx , 

Gx ℤ. Examine if  is a homomorphism. 

3 

   

 GROUP-B  

 Answer any four questions from the following 6×4 = 24 

7.   Let H and K be subgroups of a group G. Then show that HK is a subgroup of G if 
and only if HK = KH. 

6 

8.   Prove that every group of prime order is cyclic. 6 

9. Prove that a finite cyclic group of order n has one and only one subgroup of order 
d for every divisor d of n. 

6 



UG/CBCS/B.Sc./Hons./4th Sem./Mathematics/MATHGE4/Revised & Old/2023 

4073 11  Turn Over 

10. Let H be a subgroup of a group G. Then show that H is normal in G if and only if 

Hh  and HxhxGx  1 . 

6 

11. Let GGf :  be a group homomorphism. Let Ga  be such that naO )(  and 

mafO ))(( . Prove that )())(( aOafO  and  f  is one-one if and only if nm  . 

6 

12. Let H be a subgroup of a group. Prove that the relation   defined on G by “ ba  

if and only if Hba 1 ” for Gba ,  is an equivalence relation on G. 

6 

   

 GROUP-C  

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

13.(a) Let G be a finite cyclic group generated by a. Then show that nGO )(  if and 
only if naO )( . 

6 

(b) Let G and G  be two groups and GG :  be a homomorphism, prove that 
)(G  is a subgroup of G . 

6 

   
14.(a) Let H be a subgroup of a group G. Prove that there is always a one-one onto 

mapping between any two right cosets of H in G. 
6 

(b) Let GGf :  be a group homomorphism. Then show that fker  is a normal 
subgroup of G. 

6 

   
15.(a) If G is a finite group, then show that the order of any element of G divides the 

order of G and ea GO )(  for any Ga . 

7 

(b) Let H be a subgroup of a group G and 2]:[ HG . Then show that H is normal 
in G. 

5 

   
16.(a) Let H be a subgroup of a commutative group G. Prove that HG  is commutative. 

Is converse true? Justify. 

5+2 

(b) Show that the map :  (ℤ5, +5) ⟶ (ℤ5, +5), defined by  xxx ,3)( ℤ5 is an 
isomorphism. 

5 

   

 MATHGE4-V 

NUMERICAL METHODS 

 

 GROUP-A  

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

(a) If 
6
5  represent approximately by 0.8333. Find relative error and percentage error.  

(b) Evaluate:  x
E 






 2

 
 

(c) What is the geometrical representation of the Regula-Falsi method?  

(d) State three differences between direct and iterative methods.  

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

5
2
11   , where D is the differential operator.  

(f) Prove that 1)1()1(  .  
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 GROUP-B  
 Answer any four questions from the following 6×4 = 24 

2. Explain the Secant method for numerical solution of the equation 0)( xf .  

3. Use iterative formula to evaluate 7 125 , correct upto four significant figures.  

4. Deduce Newton’s backward interpolation formula with error terms.  
5. Find )02.1(f  from the following table: 

x 1.00 1.10 1.20 1.30 
)(xf  0.8415 0.8912 0.9320 0.9636 

 

 

6. The equation 02  qpxx  has two real roots , . Show that the iteration 

method 
k

k
k x

qpx
x


1  is convergent near x , if ||||   . 

 

7.   Evaluate 
2

0

sin


dxx , taking 6n , correct upto four significant figures by 

Simpson’s rd31  rule. 

 

   

 GROUP-C  

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

8.  (a) Describe Newton’s-Raphson method and find the geometrical interpretation of 
Newton’s-Raphson method. 

6 

(b) Find the positive root of the equation 013  xx  by fixed point iteration 
method correct to three decimal places. 

6 

   

9.  (a) Explain the 2nd order Runge-Kutta method for the numerical solution of a 1st order 

differential equation ),( yxf
dx
dy   subject to the initial condition 0yy  , when 0xx  . 

6 

(b) Solve by modified Euler’s method, the following differential equation for 1x  
by taking 2.0h ; 

 1,  yxydx
dy

  when 0x  

6 

   

10.(a) Find a polynomial of least degree for the data 1)1( f , 1)1(,1)0(  ff  and 5)2( f . 6 

(b) Use Gauss-elimination method to solve the following system: 
 01003610 321  xxx  

 0100556 321  xxx  

 01001063 321  xxx  

Correct upto three significant figures. 

6 

   

11.(a) Compute 5.3log10  from the data set:  

x 2 3 5 7 
x10log  0.301 0.477 0.699 0.845 

 

6 

(b) Compute the values of the unknowns in the system of equation by Gauss-Jordan’s 
matrix inversion method: 
 55.162.12.21.6 321  xxx  

 55.105.15.52.2 321  xxx  

 80.162.75.12.1 321  xxx  

6 

 ——×——  
 


