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UNIVERSITY OF NORTH BENGAL 
B.Sc. Honours 4th Semester Examination, 2022  

CC8-MATHEMATICS 

MULTIVARIATE CALCULUS  
Time Allotted: 2 Hours Full Marks: 60 

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

 GROUP-A 

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

1. Let 
⎪
⎩

⎪
⎨

⎧

yx

yx
yx

yx
yxf

,0

,
),(

33

 

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

yxf
yx

 does not exist. 

3

2. Find the directional derivative of 22),( yxyxf  at (1, 1) in the direction of 

unit vector ⎟
⎠
⎞

⎜
⎝
⎛

5

1
,

5

2
. 

3

3. If )(xyzfV , prove that 
z

V
z

y

V
y

x

V
x . 3

4. Evaluate ∫ ∫
1

0 2

x

x

dydxxy  by changing the order of integration. 3

5. Show that the vector kxzjxizxyV ˆ3ˆ2ˆ)4( 223
r

 is irrotational. 3

6. By using double integration formula find the area of the ellipse 12

2

2

2

b

y

a

x
. 3

  

 GROUP-B 

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

7. Let Df : ℝ, D ℝ2 and Dba ),( . Let one of the partial derivatives xf  and 

yf  exists and the other is continuous at (a, b). Prove that  f  is differentiable 

at ),( ba . 

6

8. If ru log  and  2222 zyxr , prove that 

 12

2

2

2

2

2
2

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
z

u

y

u

x

u
r  

6

9. Prove that ∫ ∫ ∫ ∫
1

0

1

0

1

0

1

0
222

22

222

22

)()(
dx

yx

yx
dydy

yx

yx
dx . 6
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10. State Stoke’s theorem. Verify Stoke’s theorem for 

 kzyjyziyxA ˆˆˆ)2( 22
r

, 

where the surface S is the upper half surface of the sphere 1222 zyx  and C 
is its boundary. 

6

11. Evaluate ∫∫ dydxyxyx nml 111)1(  taken over the interior of the triangle 

formed by the lines 0,0 yx ; 1yx ; where nml ,,  being all positive. 

6

12. Define a conservative vector field. Prove that a vector field F
r

 is conservative 

over a region, if and only if ∫ rdF
rr

 be zero along any closed curve in the region. 

1+5 = 6

  

 GROUP-C 

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

13.(a) Show that 4222 8)}()(22{ adydxyxyxaa∫∫ , the region of integration 

being the circle 222 2)(2 ayxayx . 

6

(b) Let f  be a differentiable function of two independent variables u, v and u, v be 
differentiable functions of one independent variable x. Prove that f is a 

differentiable function of x and 
dx

dv

v

f

dx

du

u

f

dx

df
. 

6

  

14.(a) Let 
⎪⎩

⎪
⎨
⎧

0,0

0,tantan
),(

1212

xy

xyy
xyx

y
x

yxf  

Show that )0,0()0,0( yxxy ff . 

6

(b) Evaluate ∫∫
R

dydx
yaxbba

yaxbba
222222

222222

 the field of integration being R, the 

positive quadrant of the ellipse 12

2

2

2

b

y

a

x
. 

6

  
15.(a) Use Divergence theorem to evaluate ∫∫

S

SdF
rr

 where S is the surface enclosing 

the cylinder 422 yx ,  0z ,  3z  and kzjyixF ˆˆ2ˆ4 22
r

. 

6

(b) Apply Green’s theorem in the plane to evaluate

 ∫
C

dyxdxxy }cos)sin{(  

where C is the triangle enclosed by the lines 0y ,  x ,  xy 2 . 

6

  
16.(a) Prove that the necessary and sufficient condition that the vector field defined by 

the vector point function F
r

 with continuous derivatives be conservative is that 

curl 0FF
rrr

. 

2+4 = 6

(b) Use Stoke’s theorem to prove that 
(i) curl grad 0 , where  is a scalar function. 

(ii) div curl 0F
r

, where F is a vector field. 

6

 ——×—— 
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UNIVERSITY OF NORTH BENGAL 
B.Sc. Honours 4th Semester Examination, 2022  

CC9-MATHEMATICS 

RING THEORY AND LINEAR ALGEBRA-I 

Time Allotted: 2 Hours Full Marks: 60 

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

 GROUP-A 

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

1. Find a basis and dimension of the subspace W  of ℝ3, where ),,{( zyxW ℝ3: 
}0zyx . 

3

  
2. Let R be a finite ring with n elements and S be a subring of R containing m 

elements. Prove that m is a divisor of n. 
3

  
3. Consider the ring ℤ×ℤ under component-wise addition and multiplication. Show 

that the set aaS :)0,{( ℤ} is a subring of ℤ×ℤ having unity different from 
that of  ℤ×ℤ. 

3

  
4. Prove that the set )}0,1,1(),1,1,0(),1,0,1{(S  is a basis of ℝ3. 3

  
5. Let D be an integral domain and Dba, . If 55 ba  and 88 ba , then prove 

that ba . 

3

  
6. Is the ring 2ℤ isomorphic to the ring 5ℤ ? — Justify. 3
  

 GROUP-B 

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

7.  (a) Determine k, so that the set )},1,1(),1,,1(),1,1,{( kkkS  is linearly 
independent in ℝ3. 

3

(b) If T is linear, then }{kerT  iff T is injective. 3
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8.  (a) Let T be a linear mapping on the real vector space 4P  defined by, 

4)(,)()( Pxpxp
dx

d
xxpT . Determine the matrix of T relative to the 

standard basis of 4P . 

3

(b) Find the dimension of the subspace S of ℝ3 defined by, 
 ),,{( zyxS ℝ3 :   }32,2 yzxzyx  

3

  
9. Let R and R  be two rings and RR:  be an onto homomorphism. If I is an 

ideal of R, show that )(I  is also an ideal of R . Will this statement still be true 
if  is any arbitrary homomorphism from R  to R ? 

4+2

  
10. Let U  and W  be two subspaces of a finite dimensional vector space V. Show 

that )dim()dim()dim()dim( WUWUWU . 
6

  
11. Prove that a finite integral domain is a field. 6
  

12.(a) Let babaR ,:3{ ℤ}, 

 babaS ,:322{ ℤ} and  

 babaT ,:324{ ℤ} 

Show that T is an ideal of S, but not an ideal of R. 

3

(b) Find the units in the integral domain ℤ [i]. 3
  

 GROUP-C 

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

13.(a) Prove that the ring (ℤn, + , · ) is an integral domain iff n is a prime. 4

(b) Find )dim( VU , where U  and V  are subspaces of ℝ4 given by 

 ),,,{( 4321 xxxxU ℝ4 }0: 4321 xxxx , 

 ),,,{( 4321 xxxxV ℝ4 }02: 4321 xxxx  

4

(c) Let R be a ring with unity and the left ideals of R are only the null ideal and R 
itself. Show that R is a skew field. 

4

  
14.(a) Extend the set )}1,1,1,1(),1,1,1,1{(  to a basis of ℝ4. 4

(b) Give an example of a subring which is not an ideal. 2

(c) The matrix of a linear transformation :T ℝ3 → ℝ2 relative to the ordered bases 

)}0,1,1(),1,0,1(),1,1,0{(  of ℝ3 and )}1,1(),0,1{(  of ℝ2 is ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
012

421
. 

Find the matrix of T relative to the ordered bases )}1,1,0(),1,0,1(),0,1,1{(  
of ℝ3 and )}1,0(),1,1{(  of ℝ2. 

6
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15.(a) Does there exist an epimorphism from the ring ℤ24 onto the ring ℤ7? 3

(b) Let I be an ideal of a ring R. Prove that if ℝ is a commutative ring with unity, 
then so is IR . If R has no divisor of zero, is the same necessarily true for IR . 

6

(c) Let ,,  be three vectors in a vector space V, so that . Show 
that }),({}),({}),({ LLL  

3

  
16.(a) Find a basis and determine the dimension of the set of all 22  real skew 

symmetric matrices. 
4

(b) Show that the rings ℝ and ℂ are not isomorphic. 2

(c) Let R be the ring of all real valued continuous functions on ]1,0[ . A mapping 

R: ℝ is defined by Rfff )(
2
1)( . Show that  is an onto 

homomorphism. Determine ker .  Prove that kerR ≃ ℝ. 

6

 
——×—— 
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UNIVERSITY OF NORTH BENGAL 
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CC10-MATHEMATICS 

METRIC SPACES AND COMPLEX THEORY 
Time Allotted: 2 Hours Full Marks: 60 

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

 GROUP-A 

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

(a) Prove that in any metric space ),( dX  every closed sphere is a closed set. 3

(b) Show that 2||)( zzf  is nowhere differentiable except 0z . 3

(c) Suppose X  is a metric space and }{ nx  is a convergent sequence in X with limit 

. Show that the subset nxn :{ ℕ }{}  of X is compact. 

3

(d) Find the value of ∫
C

dz
z

z

4

4
2

2

, where 2||: izC . 3

(e) Prove that the real line ℝ is not compact. 3

(f) Show that ∫
⎩
⎨
⎧

C

n

n

ni
dzzz

1if,0

1if,2
)( 0 ,  

where C is the circle with centre 0z  and radius 0r  traversed in the anti-
clockwise direction. 

3

  

 GROUP-B 

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

  (a) Prove that a compact metric space is complete. Is the converse true? Justify your 
answer. 

4+2 = 6

(b) Prove that the function  

 )(zf  
22

33 )1()1(

yx

iyix
   ,  0z  

  = 0 ,  0z  

is continuous and that CR equations are satisfied at the origin but )0(f  does not 
exist. 

6

(c) (i) Show that if two connected sets are not separated, then their union is 
connected. 

(ii) Show that every totally bounded metric space is bounded. 

4+2 = 6
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(d) (i) Evaluate dz
zz

z

C
∫ )1(

)cosh(
2

 using Cauchy’s integral formula, where 2||: zC . 3+3 = 6

 
(ii) Expand 

)3)(2(

12

zz

z
 in the region 3|| z . 

(e) (i) Prove that every non-constant polynomial n
n zazaazp L10)( , has at 

least one-zero in ℂ. Where nja j ,,2,1,0, L  are complex constants and 

0na . 

4+2 = 6

 
(ii) Evaluate dz

zz

e

C

z

∫ 22
, where 4||: zC . 

(f) Let ),( dX  and ),( dY  be two metric spaces. Show that a function YXf :  is 

continuous iff for any Xx  and for all sequence }{ nx  converges to x in ),( dX , 

the sequence )}({ nxf  converges to )(xf  in ),( dY . 

6

  

 GROUP-C 

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

(a) (i) If )(zf  is differentiable in a region G and |)(| zf  is constant in G, then 
show that )(zf  is constant in G. 

3+6+3 = 12

 (ii) State and prove Cauchy’s integral formula for disk.

 (iii) Prove that every compact metric space is separable.

  
(b) (i) If )(zf  is an analytic  function of z, show that 

  22
2

2

2

2

|)(|2|)(Re| zfzf
yx ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
 

3+6+3 = 12

 (ii) Prove that every compact metric space is complete and totally bounded. 

 (iii) Let A be a subset of a metric space ),( dX  and A . Define 
}:),(inf{),( AaaxdAxd , Xx . Show that the map Xf : ℝ 

defined by ),()( Axdxf  is uniformly continuous over X.  

  
(c) (i) Prove that a necessary and sufficient condition that a function 

),(),()( yxivyxuzf  tend to il  as iyxz  tend to ibaz0  

is that ),(lim
),(),(

yxu
bayx

 and ),(lim
),(),(

yxv
bayx

. 

4+4+4 = 12

 (ii) Prove that if an entire function  f  is  bounded for all values of z. Then  f  is 
constant. 

 (iii) Let  f  be an entire function with 1)0(f , 2)1(f  and 0)0(f . If there 
exists 0M  such that Mzf |)(|  for all z ℂ, then find )(zf . 

  
(d) (i) Show that the real line (ℝ, d) is connected, when d is the usual metric. 6+6 = 12

 (ii) Show that a metric space is compact iff every collection of closed sets in X 
having finite intersection property has non-empty intersection.  

 ——×—— 
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UNIVERSITY OF NORTH BENGAL 

B.Sc. Programme 4th Semester Examination, 2022 

DSC1/2/3-P4-MATHEMATICS 

D. E. AND VECTOR CALCULUS 
Time Allotted: 2 Hours Full Marks: 60 

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

 GROUP-A / িবভাগ-ক / lewg-d 

 Answer any four questions

েয-েকান চারিট  pেűর উtর দাও 
dquS pkj iz”ug:dks mÙkj ys[k 

3×4 = 12

1. Show that the solutions of the differential equation 022 yyy  are linearly 
independent. 

 েদখাও েয 022 yyy  অবকল সমীকরণিটর সমাধানgিল linearly independent. 

 foHksnd (Differential) lfedj.kek 022 yyy  dks lek/kkug: js[kkh; :iek 
(linearly) LorU«k N Hkuh izek.k xjA

  
2. Find the particular integral of the differential equation xyy 2sin . 

 Particular Integral-েবর কর xyy 2sin -অবকল সমীকরণিটর জনয্। 

 foHksnd lfedj.k xyy 2sin  dks fo”ks’k integral fu.kZ; xjA 
  
3. Find the Wronskian of the set },,,,1{ 432 xxxx . 

 },,,,1{ 432 xxxx -েসেটর Wronskian িনণর্য় কর। 

 Set },,,,1{ 432 xxxx  dks Wronskian fu;Z.k xjA 
  

4. Find the order and degree of the differential equation 0sin
2

2

2

⎟
⎠
⎞

⎜
⎝
⎛

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
dx

dy
y

dx

yd
. 

 
0sin

2

2

2

⎟
⎠
⎞

⎜
⎝
⎛

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
dx

dy
y

dx

yd -অবকল সমীকরণিট kম (order) ও ঘাত (degree) িনণর্য় কর। 

 
foHksnd lfedj.k 0sin

2

2

2

⎟
⎠
⎞

⎜
⎝
⎛

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
dx

dy
y

dx

yd
 dks Øe vfr fMxzh fu;Z.k xjA 
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5. If 

rrr
,,  are linearly independent, then show that 

rr
, 

rr
, 

rr
 are also 

linearly independent. 

 যিদ 
rrr

,,  linearly independent হয়, তাহেল েদখাও 
rr

, 
rr

, 
rr -ও  linearly 

independent হেব। 
 ;fn 

rrr
,,  js[kh; :iek LorU= N Hkus 

rr
, 

rr
, 

rr
 ifu js[kh; :iek 

LorU= N Hkuh izek.k xjA 
  
6. If 0

rrr
A  and 0

rrr
B , then show that 0)(

rrrr
BA . 

 যিদ 0
rrr

A  এবং 0
rrr

B  হয়, তেব েদখাও েয, 0)(
rrrr

BA  হেব। 
 ;fn 0

rrr
A  vfu 0

rrr
B  Hkus izek.k xj 0)(

rrrr
BA A 

  

 GROUP-B / িবভাগ-খ / lewg-[k 

 Answer any four questions 

েয-েকান চারিট  pেűর উtর দাও 
dquS pkj iz”ug:dks mÙkj ys[k 

6×4 = 24

7. Solve the following system of linear differential equation using operator 
dx

d
D . 

 02 yx
dt

dy

dt

dx
    ; 035 yx

dt

dy
 

6

 িনেmর অবকল সমীকরেণর েজাড়িট সমাধান কর, 
dx

d
D  অপােরটেরর সাহােযয্। 

 02 yx
dt

dy

dt

dx
    ; 035 yx

dt

dy
 

 ry fnb,dks foHksnd lfedj.kdks iz.kkyh 

 02 yx
dt

dy

dt

dx
    ; 035 yx

dt

dy
 

dks lek/kku fu.kZ; xjA (vijsVj 
dx

d
D  iz;ksx xjA) 

  
8. Solve by the method of undetermined coefficients 

 xeyDD 32 24)96( ,     where 
dx

d
D . 

6

 Method of undetermined coefficient-এর সাহােযয্ সমাধান করঃ

 xeyDD 32 24)96(   ,    েযখােন 
dx

d
D  

 Undetermined coefficients fof/k iz;ksx xjh lek/kku xj % 

 xeyDD 32 24)96(    ,    
dx

d
D  
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9. Solve the differential equation by the method of variation of parameters 

 xy
dx

yd
2sec44 2

2

2

 

6

 
Method of variation of parameter-এর সাহােযয্ সমাধান কর:   xy

dx

yd
2sec44 2

2

2

 

 
variation of parameters fof/k )kjk foHksnd lfedj.k xy

dx

yd
2sec44 2

2

2

 dks 

lek/kku xjA 
  
10. Solve: / সমাধান করঃ / lek/kku xj % 

 )cos(log232

2
2 xy

dx

dy
x

dx

yd
x  

6

  
11.(a) Prove that 0)()()(

rrrrrrrrrr
BACACBCBA . 3

 pমাণ কর েয, 0)()()(
rrrrrrrrrr

BACACBCBA . 

 izek.k xj % 0)()()(
rrrrrrrrrr

BACACBCBA . 

(b) Suppose kjA ˆ2ˆ
r

, kjiB ˆ3ˆ2ˆ
r

. Find )()( BABA
rrrr

. 3

 ধর kjA ˆ2ˆ
r

, kjiB ˆ3ˆ2ˆ
r

, তাহেল )()( BABA
rrrr

-এর মান িনণর্য় কর। 

 ;fn kjA ˆ2ˆ
r

, kjiB ˆ3ˆ2ˆ
r

 Hk,] )()( BABA
rrrr

 dks eku fu.kZ; xjA 
  
12. If the position vectors of A, B, C are kji ˆˆ4ˆ2 , kji ˆˆ5ˆ4 , kji ˆ3ˆ6ˆ3  

respectively, find a vector perpendicular to the plane ABC. 

6

 A, B ও C-এর position vector যথাkেম kji ˆˆ4ˆ2 , kji ˆˆ5ˆ4  ও kji ˆ3ˆ6ˆ3 , 
তাহেল ABC- তেলর লm েভkর িনণর্য় কর। 

 ;fn A, B, C HksDVjg:dks position vector ØeS L.kays kji ˆˆ4ˆ2 , kji ˆˆ5ˆ4 , 

kji ˆ3ˆ6ˆ3  Hk, lEry~ (plane) ABC ek yEcor HksDVjdks fu.kZ; xjA 
  

 GROUP-C / িবভাগ-গ / lewg-x 

 Answer any two questions 
েয-েকান dিট  pেűর উtর দাও 
dquS nqbZ iz”ug:dks mÙkj ys[k

12×2 = 24

13.(a) Solve 3
2

2
2 )2()2( xyx

dx

dy
xx

dx

yd
x , given that xy , xxey  are two 

linear independent solutions of that corresponding homogeneous equation. 

6

 
সমাধান করঃ 3

2

2
2 )2()2( xyx

dx

dy
xx

dx

yd
x , েদওয়া আেছঃ xy , xxey  dিট  

linear independent সমাধান homogeneous সমীকরণিটর। 
 

3
2

2
2 )2()2( xyx

dx

dy
xx

dx

yd
x  dks lek/kku xjA fnb,dks N] xy , xxey  

R;l lfedkj.kdks vuq:Ik homogeneous lfedj.kdks js[kks; :iek LorU=hr 
lek/kkug: gksA 
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(b) Find the general solutions of the differential equation. 

 )(1022 1
2

2
2

3

3
3 xxy

dx

yd
x

dx

yd
x  

6

 
সাধারণ সমাধান (general solution) িনণর্য় করঃ   )(1022 1

2

2
2

3

3
3 xxy

dx

yd
x

dx

yd
x  

 
foHksnd lfedkj.k )(1022 1

2

2
2

3

3
3 xxy

dx

yd
x

dx

yd
x  dks lkekU; (general) 

lek/kku fu.kZ; xjA
  

14.(a) Show that linearly independent solutions of 022 yyy  are xex sin  and 

xex cos . What is the general solution? Find the solution )(xy  with the conditions 
2)0(y , 3)0(y . 

6

 েদখাও েয, 022 yyy  অবকল সমীকরেণর dিট linearly independent solution 

যথাkেম xex sin  ও xex cos । সমীকরণিটর সাধারণ সমাধান িক ? 2)0(y  ও 3)0(y  
শেতর্ অবকল সমীকরেণর সমাধান )(xy  িনণর্য় কর। 

 022 yyy  dks js[kh; :iek LorU= lek/kkug: xex sin  vfu xex cos  gks 
Hkuh iek.k xjA ;ldh lkekU; lek/kku ds gqUN \ ;fn 2)0(y , 3)0(y  lrZg: 
fnb, )(xy  dks lek/kku fu.kZ; xjA 

(b) Show that if 1y  and 2y  be solutions of the equation QPy
dx

dy
, where P  and 

Q  are functions of x alone and zyy 12 , then 
∫ dx

y

Q

aez 11  (a is an arbitrary 
constant). 

6

 যিদ 1y  ও 2y  dিট সমাধান হয় QPy
dx

dy
 অবকল সমীকরণিটর, েযখােন P  ও Q  ǖধু x-এর 

অেপkক, এবং যিদ zyy 12 -হয়, তেব pমাণ কর েয 
∫ dx

y

Q

aez 11  (a-একিট অিনিদর্Ŷ rবক)। 

 
;fn 1y  vfu 2y  lfedj.k QPy

dx

dy
 dks lek/kku g: Hk,] tgk¡ P  vfu Q  x 

dks Hk, function Hk, vfu zyy 12  Hk,] 

∫ dx
y

Q

aez 11  Hkuh izek.k xjA (a ,mVk euekuh fLFkj arbitrary constant gks ) 
  

15.(a) Solve by the method of differentiation

  yx
dt

dx
7    ;  yx

dt

dy
52  

6

 Method of differentiation-এর dারা সমাধান কর:

 yx
dt

dx
7    ;  yx

dt

dy
52  

 Differentiation fof/k ys lek/kku xj 

 yx
dt

dx
7    ;  yx

dt

dy
52  
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(b) Show that BAABBA
rrrrrr

curlcurl)(div . 6

 েদখাও েয, BAABBA
rrrrrr

curlcurl)(div  

 izek.k xj % BAABBA
rrrrrr

curlcurl)(div  
  

16.(a) Evaluate:   ⎥⎦
⎤

⎢⎣
⎡

kej
t

t
i

t

t t

t

ˆˆcos1ˆsin
lim 1

0
 4

 
মান িনণর্য় করঃ   ⎥⎦

⎤
⎢⎣
⎡

kej
t

t
i

t

t t

t

ˆˆcos1ˆsin
lim 1

0
 

 
⎥⎦
⎤

⎢⎣
⎡

kej
t

t
i

t

t t

t

ˆˆcos1ˆsin
lim 1

0
 dks eku fu.kZ; xjA 

(b) Find the co-ordinates of the point where the line ktjtitr ˆ3ˆ)21(ˆr
 intersects 

the plane 23 zyx .  

4

 ktjtitr ˆ3ˆ)21(ˆr -েরখািট 23 zyx  তেল েয িবn ুেত অnেc র্দ কের, তার sানাì 
িনণর্য় কর। 

 js[kk ktjtitr ˆ3ˆ)21(ˆr
 yks lEuy~ 23 zyx  ykbZ izfrPNsnu~ (intersect) 

xNZ Hkus R;e foUnqdks co-ordinates fu.kZ; xjA 

(c) Show that cba
rrr

53 ,  cba
rrr

32 ,  cba
rrr

432  vectors are coplanar. 4

 েদখাও েয cba
rrr

53 , cba
rrr

32  ও cba
rrr

432  েভkরgিল সমতলীয়। 

 HksDVj g: cba
rrr

53 , cba
rrr

32 , cba
rrr

432  coplanar N Hkuh izek.k xjA 

 
——×—— 

 


