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WEST BENGAL STATE UNIVERSITY 

B.Sc. Honours 4th Semester Examination, 2022 

MTMACOR09T-MATHEMATICS (CC9) 
Time Allotted: 2 Hours Full Marks: 50 

The figures in the margin indicate full marks. 
Candidates should answer in their own words and adhere to the word limit as practicable. 

All symbols are of usual significance. 

 Answer Question No. 1 and any five from the rest 

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

(a) If S be the set of all points (x, y, z) in ℝ3 satisfying the inequality ,0222 yxz  
determine whether or not S is open. 

2

(b) Show that the set },:),{( QyxyxS  is not closed in ℝ2. 2

(c) Prove / disprove: }1||,1||:),{( yxyxS  is open in ℝ2. 2

(d) Show that  0)(lim
)0,0(),(

yx
yx

. 2

(e) If ,),,( yxxzzyFu  then prove that  0
z
u

y
u

x
u . 2

(f) Find the gradient vector at each point at which it exists for the scalar field defined 
by 222 2),,( zyxzyxf . 

2

(g) Use Stokes’ theorem to prove that 0.∫
C

rdr rr . 2

(h) What do you mean by conservative vector field? 2

  

2.  (a) Show that the limit, when )0,0(),( yx  does not exist for 22
2lim

yx
xy . 4

(b) If ).0,0(),0,0(find,||),( yx ffxyyxf  2+2
  

3.  (a) Show that the function |||| yx  is continuous, but not differentiable at the origin. 4

(b) Evaluate ∫∫
R

dydxyx )2( , over the rectangle ]5,3;2,1[R . 4

  
4.  (a) For the function (: Df ℝ2) ⟶ ℝ and  be a unit vector in ℝ2, define the 

directional derivative of  f  in the direction of  at the point ),( ba ℝ2. Show that 
the directional derivative generalise the notion of partial derivatives. 

4

(b) Prove that kyxyxyxf )}(|{|),(  is everywhere differentiable for all values 
of 0k . 

4
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5.  (a) Using divergence theorem evaluate ∫∫

S

dSnA , where ),,2( 22 zyxA  and 

S denote the closed surface bounded by the cylinder 0,422 zyx and 2z . 

4

(b) Find the directional derivative of 52),( 23 xyxyxf  at (1, 1) in the direction 

of unit vector )4,3(5
1 . 

4

  

6.  (a) Show, by changing the order of integration, that  4
1

)1()1(

1

22

1

0
∫∫
x

x yxy
dyydx . 4

(b) Show that ∫∫ ⎟
⎠
⎞

⎜
⎝
⎛

E

abdydx
yaxbba

yaxbba
1

24222222

222222

, where E is the region in 

the positive quadrant of the ellipse  .12

2

2

2

b
y

a
x  

4

  

7.  (a) Prove that of all rectangular parallelopiped of same volume, the cube has the least 
surface area, using Lagrange’s multipliers method.  

4

(b) If z is a differentiable function of x and y and if vucx coscosh , vucy sinsinh , 
then prove that  

 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
2

2

2

2
2

2

2

2

2
)2cos2(cosh

2
1

y
z

x
zvue

v
z

u
z  

4

  

8.  (a) Show that the vector field given by )53,52,( 232 yxzzxyzyA  is 
conservative. Find the scalar point function for the field.  

4

(b) Evaluate ∫
C

dzxdyzdxy )( , applying Stokes’ Theorem, where C is the curve 

given by ayxayaxzyx 2,022222   and begins at the point (2a, 0, 0) 
and goes at first below the z-plane. 

4

  

9.  (a) Evaluate the line integral ∫
C

x dyxedxxy ])(2[ 2  by using Green’s theorem, 

around the boundary C of the triangle with vertices (0, 0), (1, 0), (1, 1). 

4

(b) Find the surface area of the sphere 9222 zyx  lying inside the cylinder 
yyx 322 . 

4

  
 N.B. : Students have to complete submission of their Answer Scripts through E-mail / Whatsapp to 

their own respective colleges on the same day / date of examination within 1 hour after end 
of exam. University / College authorities will not be held responsible for wrong submission 
(at in proper address). Students are strongly advised not to submit multiple copies of the 
same answer script.  

 ——×—— 
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WEST BENGAL STATE UNIVERSITY 

B.Sc. Honours 4th Semester Examination, 2022 

MTMACOR08T-MATHEMATICS (CC8) 
Time Allotted: 2 Hours Full Marks: 50 

The figures in the margin indicate full marks. 
Candidates should answer in their own words and adhere to the word limit as practicable. 

All symbols are of usual significance. 

 Answer Question No. 1 and any five from the rest 

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

(a) Find the lower and upper integrals of the function. 

 
⎩
⎨
⎧

x
x

xf
;0
;1

)(   
(b) Find the Cauchy Principal Value of   ∫

1

1
5x

dx . 

(c) Test the convergence of   ∫
2

0 2
log dx

x
x . 

(d) Show that ),(),( mnBnmB ,  for 0, nm . 

(e) Examine whether the sequence of functions }{ nf  converges uniformly on ℝ, 
where for all n  ℕ,    
 x

nx
nxfn ,)( ℝ 

(f) Find the limit function )(xf  of the sequence }{ nf  on [0, ∞), where for all n  ℕ, 
 0,

1
)( x

x
xxf n

n

n  

Hence, state with reason whether }{ nf  converges uniformly on [0, ∞).  

(g) Show that the series ∑ ⎟
⎠
⎞

⎜
⎝
⎛

1
7

5

23
1

n

nx
n
n is uniformly convergent on [–2, 2]. 

(h) Find the radius of convergence of the power series:   ∑ nn x1)1(  

  
2.  (a) For bounded function  f  defined on an interval ],[ ba  and any two partitions 

21, PP  of ],[ ba  show that ),(),( 21 PfUPfL . 
4

(b) Prove that a continuous function f defined on a closed interval ],[ ba  is 
integrable in the sense of Riemann. 

4

  

ℚ ℚ 



CBCS/B.Sc./Hons./4th Sem./MTMACOR08T/2022 

4024 2

3.  (a) A function ]1,0[:f ℝ is defined by ........,2,1,0,
3
1

3
1,

3
1)( 1 nxxf nnn  

 =   0    , 0x  

Show that  f  is integrable in the sense of Riemann and ∫
1

0 4
3)( dxxf . 

2+2

(b) Using Mean Value Theorem of Integral Calculus prove that  

 
6cos3524

3

0

23

∫ dx
x

x  

4

  

4.  (a) Show that  0,,),()()()( 111∫ nmnmabdxxbax nm
b

a

nm . 4

(b) Test the convergence of the integral ∫
1

0
sin 1

dx
e

x
x . 4

  
5.  (a) Let xxxxf n

n ,])[()( ℝ, n ℕ. Show that the sequence }{ nf  is convergent 
pointwise. Verify whether the convergence is uniform. 

2+2

(b) If }{ nf  is a sequence of functions defined on a set D converging uniformly to a 
function  f  on D such that each nf   is continuous at some point Dc , prove that 
f  is continuous at c. 

4

  
6.  (a) Verify the uniform convergence of the series 

 ∑
0 ]1[]1)1[(n nxxn

x     

on the interval  ],[ ba , where ba0 . 

4

  (b) Show that the function ∑
1

3
sin)(

n n
nxxf  is differentiable on ℝ. Find its 

derivative.  

4

  

7.  (a) If a series ∑
0n

n
n xa  is convergent for some 0ax , then prove that the series 

converges absolutely for all x with |||| ax . 

3

(b) Find the radius of convergence of the power series  ∑
1

22n
n

n

n
x . Using this, show 

that the series ∑
0

1 )1(2n
n

n

n
x  has the same radius of convergence. 

3+2
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8.  (a) State Dirichlet’s condition for convergence of a Fourier series. 2
(b) Obtain the Fourier series expansion of )(xf  in ],[  where 

 
⎪⎩

⎪
⎨
⎧

xx

x
xf

0,
4
1

0,0
)(  

Hence show that the sum of the series  

 
85

1
3
1

1
1 2

222 LL  

4+2

  
9.  (a) The function ]2,2[:f  ℝ is defined by 

 02,1)( xxxf  

 20,1 xx  

Find the Fourier series of the function  f. 

4

(b) Expand the function xxxf 0,)( 2  in a Fourier Sine series. 4

  

 N.B. : Students have to complete submission of their Answer Scripts through E-mail / Whatsapp to 
their own respective colleges on the same day / date of examination within 1 hour after end 
of exam. University / College authorities will not be held responsible for wrong submission 
(at in proper address). Students are strongly advised not to submit multiple copies of the 
same answer script. 

 
——×—— 

 


