
UG/CBCS/B.Sc./Hons./6th Sem./Mathematics/MATHCC13/2021 

6072 1  Turn Over 

 
UNIVERSITY OF NORTH BENGAL 
B.Sc. Honours 6th Semester Examination, 2021 

CC13-MATHEMATICS 

RING THEORY AND LINEAR ALGEBRA-II 
Time Allotted: 2 Hours Full Marks: 60 

ASSIGNMENT 

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

 GROUP-A 

 Answer all  questions from the following  2×5 = 10

1. Let  = },,{ 321  be the basis of C3 defined by ),1,0,1(1  ),1,1,1(2  

).0,2,2(3  Find the dual basis of . 

  
2. Show that 3  is a prime element in the integral domain ℤ ]3[ . 

  
3. Find the orthogonal complement of )}1,1,1{(spanW  in the Euclidean space ℝ3 with standard inner product. 
  
4. Let (|)  denotes the standard inner product on ℝ2. Let ).1,1(),1,2(  If  

is a vector such that ,2)|(,3)|(  then find . 
  
5. Show that 1– i  is irreducible in ℤ ][i . 

  

 GROUP-B 

 Answer all questions from the following 10×3 = 30

6.  (a) Use Gram-Schmidt process to obtain an orthogonal basis from the basis 
)}4,3,1(),1,1,1(),1,0,1{(  of Euclidean space ℝ3 with standard inner product. 

4+3+3

(b) Let ℝ3 be a Euclidean space with standard inner product and VVT :  be 
defined by ).23,,2(),,( zyxzxyxzyxT  Find T*, adjoint of T. 

(c) Find an orthonormal basis of the row space of the matrix 

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

1210

1321

1132

0111

. 
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7.  (a) Find all the maximal and prime ideals of ℤ10. 3+3+4

(b) Let D be a Euclidean domain with Euclidean valuation . If ba |  and 
),()( ba  prove that a and b are associates in D. 

(c) Is the integral domain ℤ baba ,:5{]5[ ℤ}, a unique factorization 
domain? Justify your answer. 

  
8.  (a) Find a 3×3 matrix for which the minimal polynomial is x2. 5+5

(b) Let T be a linear operator on ℝ4 which is represented in the standard basis by the 
matrix. 

 

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

000

000

000

0000

c

b

a
 

Under what conditions, T is diagonalizable? 

  

 GROUP-C 

 Answer all questions from the following 5×2 = 10

9.  (a) Find the eigen values and corresponding eigenspace of the matrix 5kI . Generalize 

the result for the matrix nkI . 

4+1

(b) Show that the matrix ⎟
⎠
⎞

⎜
⎝
⎛

15
01

 is not diagonalizable. 

  
10. If 21, NN  be any two normal operators such that either permutes with the adjoint 

of the other, then prove that 21 NN  and 21NN  are normal. 

5

  

 GROUP-D 

 Answer all questions from the following 5×2 = 10

11. Find the minimal polynomial of the matrix 

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

2000
0200
0011
0001

. 5

  

12.(a) Use Cayley-Hamilton theorem to find 70A , where ⎟
⎠
⎞

⎜
⎝
⎛

10
11

A . 2+3

(b) Let R be a ring of all real valued continuous functions defined on [0, 1] and 
}.0)51(:)({ fRxfM  Prove that M is a maximal ideal of R. 

 
——×—— 
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UNIVERSITY OF NORTH BENGAL 
B.Sc. Honours 6th Semester Examination, 2021 

CC14-MATHEMATICS 

PARTIAL DIFFERENTIAL EQUATIONS AND APPLICATIONS 

Time Allotted: 2 Hours Full Marks: 60 

ASSIGNMENT 

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

 Answer all questions from the following 

 GROUP-A 

1. Answer all  questions: 2×5 = 10

(a) Obtain the partial differential equation for )cos(sin yxfZ . 

(b) Solve 1qp , where symbols have their usual meaning. 

(c) State whether the following partial differential equations are linear, quasi-linear or 
nonlinear: 

(i) 0logUUU yyxx  

(ii) xUUU yyxyxx sin2  

(d) Find the general integral of the linear partial differential equation

 )(2)3()3( 222222 xyzqyxypyxx  

(e) Obtain the solution of the linear partial differential equation 1yx UU  with the 

Cauchy data 2)0,( xxU . 
  

 GROUP-B 

2.  (a) Use separation of variables )()(),( ygxfyxU  to solve the equation 

 22222 )(xyuUxUy yx  

4+6

(b) Find the solution of the initial value problem, 

 0,,2 tRxucu xxtt    and   2)0,(,)1log()0,( 2 xuxxu t  
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3. Classify the following equations and reduce it to its canonical form 5+5

(a) 0)(sec 4
yyxx UxhU  

(b) x
y

z
x

yx

z
x

x

z
x

2

2
2

2

2

2
2 cos2sinsin  

  

4.  (a) Solve by method of characteristic for xxxuxeyUxUx u
yx ),(,,0 2 . 5+5

(b) Solve:  )(9)2()2( 333443 yxzqyxypxxy  

  

 GROUP-C 

5.  (a) Determine the solution of the initial boundary-value problem 

 xxtt UU 16  , x0 , 0t  

 xxU sin)0,(  , x0  

 2)0,( xxUt  , x0  

 0),0( tU  , 0t  

5+5

(b) Solve by method of separation of variables for u
t

u

x

u
2 , where 

xexu 36)0,( . 

  

 GROUP-D 

6.  (a) Apply VU  and )()(),( ygxfyxV  to solve the equation 

 UUyUx yx 42224  

5+5

(b) Find the solution of the initial value system 

 0,3 xtxt cVVxVUUU   with  xxU )0,(   and  xxV )0,(  

 
——×—— 
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UNIVERSITY OF NORTH BENGAL 

B.Sc. Programme 6th Semester Examination, 2021  

DSE2-MATHEMATICS 
Time Allotted: 2 Hours Full Marks: 60 

ASSIGNMENT 

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

The question paper contains paper DSE-2A and DSE-2B. 
The candidates are required to answer any one from two courses. 

Candidates should mention it clearly on the Answer Book. 

 DSE-2A 

METRIC SPACES AND COMPLEX ANALYSIS 

 Answer all the questions 

সকল  pে র উtর দাও 

 GROUP-A / িবভাগ-ক  2×5 = 10

1.  (a) Find the diameters of the sets 
⎩
⎨
⎧ nn :

1 ℕ   and (–1, 1) ∩ ℚ in the euclidean metric 

space (ℝ, d). 

 
Euclidean metric space (ℝ, d) েত 

⎩
⎨
⎧ nn :

1 ℕ   এবং (–1, 1) ∩ ℚ েসট dেয়র বয্াসgিল িনণর্য় 

কর। 

(b) Evaluate:   ∫
3||

2 1z z

dz
 

 মান িনণর্য় করঃ ∫
3||

2 1z z

dz
 

(c) Find the image of the point iz 3  on the Riemann sphere under the 
stereographic projection. 

 Riemann sphere-এর উপর stereographic অিভেkপ (projection) dারা iz 3  িবn ুিটর 
pিতিবm (image)-িট িনণর্য় কর। 

(d) Show that a harmonic function ),( yxu  satisfies the differential equation 0
2

zz

u
. 

 
েদখাও েয েয-েকান একিট harmonic অেপkক ),( yxu  অবকল সমীকরণ 0

2

zz

u
 েক িসd কের ।



UG/CBCS/B.Sc./Programme/6th Sem./Mathematics/MATHPDSE2/2021 

6077 2

(e) Let  x,  y,  z  be three elements in a metric space (X, d). Show that  

   ),(|),(),(| yxdzydzxd  

 (X, d) metric space এর x, y, z িতনিট উপাদান (element) হেল, pমাণ কর 

   ),(|),(),(| yxdzydzxd  

  

 GROUP-B / িবভাগ-খ  12×3=36

2.  (a) Consider the euclidean metric space (ℝ2, d). Show that the sets 
}1:),{( 22 yxyxA  and }1)2(:),{( 22 yxyxB  are mutually disjoint 

but 0),( BAd .  

4

 ধর (ℝ2, d) একিট Euclidean metric space. তাহেল েদখাও েয }1:),{( 22 yxyxA

এবং }1)2(:),{( 22 yxyxB  েসটdয় পারsিরক িবিcn (mutually disjoint) িকnt 
0),( BAd . 

(b) If ivuf  is analytic on a domain D, then show that uv  is harmonic on D. 3

 D েktিটেত ivuf  যিদ analytic হয় তাহেল েদখাও েয uv , D েktিটেত harmonic হেব। 

(c) Show that the set of natural number is not complete with respect to the metric 

nmnmd 11),( ,  m, n  are natural numbers. 

5

 
pমাণ কর sাভািবক সংখয্ার েসটিট nmnmd 11),( ,  (েযখােন m, n হল sাভািবক সংখয্া) 

metric-এর সােপেk complete নয়। 

  

3.  (a) Evaluate ∫
1||

2
z

z

dz
 and hence deduce that 0

cos45

cos212

0
∫ d .  6

 
∫

1||
2

z
z

dz
 এর মান িনণর্য় কর এবং ইহা েথেক েদখাও 0

cos45

cos212

0
∫ d . 

(b) Show that (ℝ, d) is a metric space, when d is given by  

  
⎩
⎨
⎧

otherwise    ,||||

0  if       ,||
),(

yx

xyyx
yxd  

4

 pমাণ কর (ℝ, d) একিট metric space েযখােন  d  িনmিলিখতভােব pদtঃ

  
⎩
⎨
⎧

    ,||||

0  if       ,||
),(

yx

xyyx
yxd  

(c) What can you say about the differentiability of the function
z

z
zf

3
)( ?  2

 

z

z
zf

3
)(  অেপkকিটর অnরকলন েযাগয্তা (differentiability) সmেকর্ tিম িক বলেব ? 

  

অনয্থায়
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4.  (a) If  
⎪⎩

⎪
⎨
⎧

0  z      ,     0

0     ,)(
41 ze

zf
z

 

then show that it satisfied the C-R equations at 0z  but it is not differentiable 
at 0z .   

6

 
যিদ  

⎪⎩

⎪
⎨
⎧

0  z      ,     0

0     ,)(
41 ze

zf
z

 

তাহেল েদখাও েয 0z  েত  f  অেপkকিট C-R সমীকরণেক িসd কের, িকnt 0z  েত f অেপkকিট 
অবকলনেযাগয্ নয়। 

(b) If )( nx  and )( ny  are Cauchy sequence in a metric space ),( dX , show that )( na , 

where ),( nnn yxda , converges. Give one such example. 

4

 ),( dX  metric space এ যিদ )( nx  এবং )( ny  dিট Cauchy অনুkম (sequence) হয় তাহেল 

েদখাও েয )( na  অনুkমিট (েযখােন ),( nnn yxda ) অিভমুখী হেব। একিট উদাহরেণর সাহােযয্
বুিঝেয় দাও। 

(c) Prove that for any two distinct points a, b in a metric space ),( dX  there exist
disjoint open spheres with centres a and b respectively. 

2

 েদখাও েয ),( dX  metric space এ েয েকান dিট পৃথক িবn ু a এবং b এর জনয্ dিট িভn  a  এবং b 
েকndিবn ুিবিশ  মুk েগালক (open sphere)  িবদয্মান। 

  

 GROUP-C / িবভাগ-গ  7×2 = 14

5.  (a) Prove that the argument function ‘arg’, where arg: ℂ– ],(}0{  is not a 
continuous function.   

3

  েদখাও েয  arg : ℂ– ),(}0{  ,  argument  অেপkকিট একিট সnত অেপkক নয়। 

(b) Evaluate:  ∫
2|4|

2 )()16(z izz

dzz
 4

  মান িনণর্য় করঃ  ∫
2|4|

2 )()16(z izz

dzz
 

  
6.   Show that ℝ is complete with respect to 1d  but not with respect to 2d , where 

   ||5),(1 yxyxd   ,   |tantan|),( 11
2 yxyxd ,   yx, ℝ 

7

 েদখাও েয 1d  এর সােপেk ℝ একিট পূণর্ (complete), িকnt 2d  এর সােপেk complete নয়, 
 েযখােন ||5),(1 yxyxd   ,   |tantan|),( 11

2 yxyxd ,   yx, ℝ 
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 DSE-2B 
LINEAR PROGRAMMING 

 GROUP-A / িবভাগ-ক  

 Answer all the following questions

সকল  pে র উtর দাও 

2×5 = 10

1.  (a) Examine the set of points )}1,1(),0,1(),1,0(),0,0{(  on the xy-plane is convex or not.

 xy-সমতেল অবিsত িবn ুসমূেহর েসট )}1,1(),0,1(),1,0(),0,0{( উtল (Convex) িকনা পরীkা 
কর।  

(b) Show that although (2, 3, 2) is a feasible solution to the system of equations 
 92 321 xxx  

 22523 321 xxx  

 0,, 321 xxx  
but it is not a basic solution.  

 েদখাও েয (2, 3, 2) সমীকরণ িসেsম 
 92 321 xxx  

 22523 321 xxx  

 0,, 321 xxx  
-এর সmাবয্ সমাধান (feasible solution) হেলও, তা িকnt েমৗিলক সমাধান  (Basic solution) নয়। 

(c) Find the extreme points, if any of the set ),{( yxX ℝ2  : }2||,1|| yx . 

 েসট  ),{( yxX ℝ2 : }2||,1|| yx -এর েকােনা চরম িবn ুসমহূ  (extreme points) 
থাকেল তা েবর কর। 

(d) Verify graphically whether the following L.P.P. has a bounded or unbounded 
solution: 
 Maximize  21 23 xxz  

 Subject to 121 xx  

  321 xx   

 and 0, 21 xx  

 েলখিচেtর সাহােযয্ িনmিলিখত এল.িপ.িপ (L.P.P)-িটর সীমাবd বা সীমাহীন সমাধান (Bounded or 
unbounded solution) আেছ িকনা যাচাই করঃ 
 সবর্ািধক (Maximize)  21 23 xxz  
 -এর সােপেk  (Subject to)  121 xx   

  321 xx   

 এবং 0, 21 xx  
(e) Show that whatever may be the value of λ , the game with the following payoff 

matrix is strictly determinable: 

 Player-B 

 Player-A  ⎥
⎦

⎤
⎢
⎣

⎡
1

72
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 েদখাও েয λ-এর েযেকান মােনর জনয্ িনmিলিখত পিরেশাধ ময্াি k (Payoff matrix) িবিশ  েখলা 
(Game) কেঠারভােব িনধর্ারণেযাগয্ (Strictly determinable): 

েখেলায়াড়-B 

 েখেলায়াড়-A ⎥
⎦

⎤
⎢
⎣

⎡
1

72
 

  

 GROUP-B / িবভাগ-খ  

 Answer all the following questions

িনmিলিখত সব  pে র উtর দাও 

12×3=36

2.  (a) A firm manufacturing two types of medicine A and B, can make a profit of Rs. 20 
per bottle of A and Rs. 30 per bottle of B. Both A and B need for their production 
two essential chemicals C and D. Each bottle of A requires 3 litres of C and 2 litres 
of D and each bottle of B requires 2 litres of C and 4 litres of D. The total supply of 
these chemicals are 210 litres of C and 300 litres of D. Type B medicine contains 
alcohol and its manufacture is restricted to 65 bottles per month. How many bottles 
each of A and B should the firm manufacture per month to maximize its profit of the 
products? Formulate the problem as a Linear Programming Problem and solve it 
graphically. 

4+3

 একিট pstতকারী সংsা dই pকার ওষধু A এবং B ৈতরী কের, pেতয্ক েবাতল A-েত 20 টাকা এবং 
pেতয্ক েবাতল B-েত 30 টাকা লাভ কের। উভয় A এবং B ৈতরীর জনয্ dিট pেয়াজনীয় রাসায়িনক C 
এবং D pেয়াজন। pেতয্ক েবাতল A-এর জনয্ 3 িলটার C এবং 2 িলটার D এবং pেতয্ক েবাতল B-এর 
জনয্ 2 িলটার C এবং 4 িলটার D pেয়াজন। C রাসায়িনেকর েমাট েজাগান 210 িলটার এবং D 
রাসায়িনেকর েমাট েজাগান 300 িলটার। B ওষুেধ অয্ালেকাহল আেছ এবং তার উৎপাদন pেতয্ক মােস 65 
েবাতল পযর্n সীিমত। সংsািটেক সবর্ািধক লােভর জনয্ কত েবাতল A এবং B ৈতরী করেত হেব ? 
সমসয্ািটেক একিট ৈরিখক কাযর্কারী সমসয্া (Linear Programming Problem) িহসােব ৈতরী কর এবং 
েলখিচেtর সাহােযয্ তা সমাধান কর। 

(b) 11x , 02x , 23x , 14x  is a feasible solution to the set of equations 

7332 4321 xxxx , 625 4321 xxxx . Reduce the feasible solution to one 
or more basic feasible solutions. 

5

 11x , 02x , 23x , 14x  সমীকরণ েসট 7332 4321 xxxx , 

625 4321 xxxx -এর সmাবয্ সমাধান (Feasible solution)। সmাবয্ সমাধানিটেক এক বা 
অিধক েমৗিলক সmাবয্ সমাধােন (Basic feasible solution) সংkিচত (reduce) কর। 

  
3.  (a) Solve the following L.P.P using Simplex method: 

 Minimize 321 23 xxxz  

 Subject to 723 321 xxx , 

  1242 21 xx , 

  10834 321 xxx , 

      0,, 321 xxx  

6
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 িনmিলিখত এল.িপ.িপ (L.P.P)-িট সমাধান কর সরলীkত পdিতেত (Simplex method): 

 সবর্িনm (Minimize) 321 23 xxxz  

 -এর সােপেk (Subject to) 723 321 xxx , 

  1242 21 xx , 

  10834 321 xxx , 

      0,, 321 xxx  

(b) Find the optimal solution of the following transportation problem. 

িনmিলিখত পিরবহন সমসয্ািটর (transportation problem) অনুkল সমাধান (optimal solution) 
েবর করঃ 

 D1 D2 D3 D4  ai 

 8 9 6 3 O1 18 

 6 11 5 10 O2 20 

 3 8 7 9 O3 18 

bj 15 16 12 13   
 

6

  
4.  (a) In a game of matching coins with two players, suppose A wins one unit of value 

when there are two heads, wins nothing when there are two tails and losses 21  unit 
of value when there are one head and one tail. Determine the payoff matrix, the best 
strategies for each player and the value of the game to A. 

5

 dইজন েখেলায়াড় িনেয় েখলা মুdা েমলােনার েখলায়, ধর A এক অ  (1 unit) িজেত যখন েসখােন dিট 
েহড (Head), িকছুই িজেত না যখন েসখােন dিট েটল (tails) এবং অেধর্ক অ  হাের (loses 21  unit) 
যখন েসখােন একিট েহড এবং একিট েটল। পিরেশাধ ময্াি k (payoff matrix) িনণর্য় কর, pেতয্ক 
েখেলায়ােড়র েসরা েকৗশল (best strategies) এবং A-এর pিত েখলার মান িনণর্য় কর। 

(b) Use Big-M method solve the following L.P.P: 

 Maximize 21 5xxz  

 Subject to 643 21 xx  

    33 21 xx  

    0, 21 xx  

7

 িবগ-এম পdিত (Big-M method) বয্বহার কের িনmিলিখত এল.িপ.িপ (L.P.P) সমাধান করঃ 
 সবর্ািধক (Maximize) 21 5xxz  

 -এর সােপেk (Subject to) 643 21 xx  

    33 21 xx  

    0, 21 xx  
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GROUP-C / িবভাগ-গ  

 Answer all the following questions

িনmিলিখত সব  pে র উtর দাও 

7×2 = 14

5.  (a) Solve the following Assignment Problem: 

িনmিলিখত অিপর্ত সমসয্ার (assignment Problem) সমাধান করঃ 

I II III IV  

5 3 1 8 A 

7 9 2 6 B 

6 4 5 7 C 

5 7 7 6 D 
 

5

(b) Solve graphically the following Game: 

Player-B 

 Player-A ⎥
⎦

⎤
⎢
⎣

⎡
22

22
 

2

 িনmিলিখত েখলািট েলখিচেtর সাহােযয্ সমাধান করঃ
েখেলায়াড়-B 

 েখেলায়াড়-A ⎥
⎦

⎤
⎢
⎣

⎡
22

22
 

  
6. Show that the following L.P.P: 

 Maximize 21 46 xxz  

 Subject to 22 21 xx  

  221 xx  

  923 21 xx  

 and 0, 21 xx  

has an infinite number of solutions. Justify your answer. 

7

 েদখাও েয িনmিলিখত এল.িপ.িপ  (L.P.P): 

 সবর্ািধক (Maximize) 21 46 xxz  

 -এর সােপেk (Subject to) 22 21 xx  

  221 xx  

  923 21 xx  

 এবং   0, 21 xx  

-এর অসংখয্ সমাধান আেছ। উtেরর সতয্তা যাচাই কর। 

 
——×—— 
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UNIVERSITY OF NORTH BENGAL 
B.Sc. Honours 6th Semester Examination, 2021 

DSE3-MATHEMATICS 
Time Allotted: 2 Hours Full Marks: 60 

ASSIGNMENT 

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

 The question paper contains DSE3A and DSE3B. Candidates  
are required to answer any one from the two courses and they  

should mention it clearly on the Answer Book. 

 DSE3A 

POINT SET TOPOLOGY 

 GROUP-A 

 Answer all questions 2×5 = 10

1.  (a) Show that sequences are continuous functions. 2

(b) Show that ℝ and ℂ with their respective standard topologies cannot be 
homeomorphic. 

2

(c) The cofinite topology on a non-empty set X is the collection of subsets whose 
complements are either finite or all of X. Show that ℝ with usual topology is not 
compact but ℝ with cofinite topology is compact. 

2

(d) Find a condition (iff) on a given non-empty set X, so that it becomes compact. 2

(e) Let },,,{ dcbaX  be a topological space with the topology 
}},,{},{},{,{ XbabaY  and },{ cbA . Find derived set and interior of A. 

2

  

 GROUP-B 

 Answer all questions 10×3 = 30

2.  (a) Show that every infinite set has an enumerable subset. 3

(b) Let A be an enumerable set. Let Aa  be fixed. Obtain the set AA }{a . Show 
that A and A  are equipotent. 

3

(c) Use above two results to prove that a set is infinite if and only if it admits a bijection 
with a proper subset of itself.  

4

  
3.  (a) Let : ℝ ⟶ ℝ be continuous, consider the graph ;))(,{( xxG  x ℝ} of  as a 

subspace of ℝ2. Show that G  is a homeomorphic copy of ℝ embedded in ℝ2. 

4
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(b) On the set of all positive integers ℕ, show that the metric d defined as 

|| 11),( nmnmd , nm, ℕ is equivalent to the discrete metric. Show that ℕ is 

complete with respect to discrete metric, whereas it is incomplete with respect to d. 

3+2+1

  

4. Let N denote the set of all null sequences of real numbers, that is nnxN ){( ℕ : 

}0nx . Find closure N  of N in ℝω in both box and product topologies, where ℝω

denotes the product of countable copies of ℝ. 

5+5

  

 GROUP-C 

 Answer all questions 5×2 = 10

5.   A topological space is called a Hausdorff space if any two distinct points in the space 
can be separated by two disjoint open sets. Show that a topological space X is 
Hausdorff  if and only if the diagonal }:),{( Xxxx  is closed in X×X. 

5

  

6. Let YXp :  be a closed, continuous and surjective map such that for every point 

Yy , }{1 yp  is compact in X. Show that if Y is compact, then X is compact. 

5

  

 GROUP-D 

 Answer all questions 5×2 = 10

7.  (a) Investigate the convergence and the possible limit(s) of the sequence 
⎭
⎬
⎫

⎩
⎨
⎧

nxn
1  in the 

cofinite topology on ℝ. 

2

(b) Show that a topological space is connected if and only if every non-empty proper 
subset has a nonempty boundary. 

3

  

8.   Let X be a connected topological space and Xf : ⟶ ℝ is a non-constant continuous 
map. Show that X is an uncountable set. 

5

  

 DSE3B 

BOOLEAN ALGEBRA AND AUTOMATA THEORY 

 GROUP-A 

 Answer all questions 2×5 = 10

1.  (a) What is the language generated by the Grammar ({S}, {a, b}, {S ⟶ aS, S ⟶ bS, 
S ⟶ ϵ},  S) ? 

(b) Determine all the sub-lattices of 30D  that contains at least four elements.  
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(c) Draw the logic circuit )()( CABA . 

(d) Show that the weak distributive law )()()( cabacba  holds for any 
lattice L. 

(e) Prove that }1|{ ncbaL nnn  is not a context free language? 

  

 GROUP-B 10×3 = 30

2.  (a) For the Grammar = {V, T, P, S}, where S ⟶ 0B,  A ⟶ 1AA|ϵ,  B ⟶ 0AA, construct a 
parse tree. 

4+3+3

(b) Convert the given NFA to equivalent DFA. δ 0 1 ⟶ p {p, q} {p} 
q ∅ {r} 
r* {p, r} {q} 

 

(c) Design a PDA for recognizing the language of palindromes over the alphabet {0, 1}. 
Draw the computation tree showing all possible moves for the strings 00100 and 
00101. 

  
3.  (a) Let E and F be finite ordered sets. If  f : E ⟶ F is a bijection, prove that  f  is an order 

isomorphism if and only if  ),( Lba  )()( yfxfyx pp , where yx p  means 
‘y covers x’. 

3+2+3+2

(b) In a distributive lattice ),(A , if yaxa  and yaxa  for some a then 
show that yx . 

(c) Suppose P be an ordered set with the property: for any ,, Pyx
),(b.l.g. yxyx  and ),(b.u.l. yxyx . Prove that ),,(P  is a lattice. 

(d) Show that for any elements a, b, c in a modular lattice, 

cbcba )(   implies  ababc )( . 

  

4.  (a) Using the laws of Boolean Algebra, show that 

  1])(.[])(.[])(.[ xyyxyyyxx  

3+3+4

(b) Let zyxzxyyxE . Prove that (i) EEzx ,  (ii) EEx . 

(c) Draw the logic circuit that represents the following Boolean function. Find also an 
equivalent simpler circuit. 

x y z ),,( zyxf

1 1 1 0 

1 1 0 1 

1 0 1 1 

1 0 0 0 

0 1 1 1 

0 1 0 0 

0 0 1 0 

0 0 0 0 
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 GROUP-C 10×1 = 10

5.  (a) Design a DFA that accepts the following languages: 

xxL :*}1,0{{1  ends in 00} and xxL :*}1,0{{2 contains three consecutive 
0 s}. 

5

(b) Consider the bounded lattice L in the following figure:

 

 

 

 

 

 

 

(i) Find the complements, if they exist, of e and  f. 

(ii) Is L distributive? 

(iii) Describe the isomorphisms of L with itself. 

5

  

 GROUP-D 10×1 = 10

6.  (a) Use Karnaugh maps to redesign the following logic circuit so that it becomes a 
minimal AND-OR Circuit. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6+4

(b) For ∑ },{ ba , design a Turing machine that accepts }1:{ nbaL nn . Compute 

an ID for the string aabb. 
 

——×—— 
 

a b c

e

g

l 

f 

d 

0 

A 
AND

ORAND

AND

B 
C 

D 

•• • • 
• 

• 
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UNIVERSITY OF NORTH BENGAL 
B.Sc. Honours 6th Semester Examination, 2021 

DSE4-MATHEMATICS 

Time Allotted: 2 Hours Full Marks: 60 

ASSIGNMENT 

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

 The question paper contains DSE4A and DSE4B.  Candidates are required 
to answer any one from the two courses and  

they should mention it clearly on the Answer Book. 

 DSE4A

DIFFERENTIAL GEOMETRY 

 GROUP-A 

1. Answer all questions: 2×5 = 10

(a) If )(srr  be the position vector of a point P with arc length s as the parameter of the 

curve then show that 
2||

],,[

r

rrr
. 

(b) Find the torsion for the curve )3,3,3( 323 uuuuur . 

(c) Show that a necessary and sufficient condition for a curve to be straight line is 0 . 

(d) Find the envelope of the surface 32 33 tzytxt . 

(e) Find the lines of curvature on a plane. 

  

 GROUP-B 

2. Answer all questions: 10×3=30

(a) (i) Find the intrinsic equation of the curve ),sin,cos( uuu beuaeuaer . 

(ii) Show that the surface yxez coscos . 

5+5

(b) (i) Show that the first fundamental form is invariant under a transformation of 
parameters. 

(ii) Find the edge of regression of the family of planes azyx cossin , 
where θ  is a parameter. 

5+5
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(c) (i) Discuss the nature of geodesics on a sphere. 

(ii) Show that the curves vu constant are geodesics on a surface with metric 
22222 )1(2)1( dvvdvduuvduuds . 

5+5

 

 
 GROUP-C 

3. Answer all questions: 5×2 = 10

(a) Show that the tangent to the locus of the centre of oscillating sphere passes through the 
centre of the osculating circle. 

5+5

(b) If sR  is the radius of spherical curvature, show that 
2

|ˆˆ| tt
Rs . 

  

 GROUP-D 

4.   Answer all questions: 5×2 = 10

(a) If  L, M, N vanish at all points of a surface then the surface is plane, where L, M, N are 
second fundamental coefficients. 

5+5

(b) State and prove the Serret-Frenet formula in matrix form ∑
3

1

ˆˆ
j

jiji eae , where the 

matrix ][ ijaA  is Cartan matrix and nete ˆˆ,ˆˆ 21  and be ˆˆ3 . 

  

 DSE4B

THEORY OF EQUATION 

 GROUP-A 

1. Answer all the questions: 2×5 = 10

(a) If one of the roots of the equation 023 rqxpxx  equals the sum of the other 
two, then proved that  
   pqrp 483  

(b) Show that the equation of the form 

   01
!2!3!4

234
xxxx  

can not have a multiple root. 

(c) If α, β, γ  be the roots of the equation 03 qpxx , show that pq55∑ . 

(d) Show that 12 xx  is a factor of 11020 xx . 

(e) If α  be an imaginary root of 0111x , prove that 1)1)......(1()1( 102 . 
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 GROUP-B 

 Answer all the questions 10×3=30

2.  (a) Find the range of values of r for which the equation 02483 234 rxbxxx  has 
four real and unequal roots. 

4+3+3

(b) Find the condition that the equation 0234 srxqxpxx should have its roots 
,,,  connected by the relation 0 . 

(c) Solve the equation 027323 xxx  having three distinct roots of equal moduli. 

  

3.  (a) Prove that the roots of the equation 0463 xx  are –2, 
12

cos22 , 
12
7cos22 . 4+4+2

(b) Show that the special roots of the equation 0110x  are the non-real roots of the 
equation 015x . 

(c) Is the equation 01234 xxxx  a reciprocal equation? Justify your answer. 

  

4.  (a) Solve by Ferrari’s method of the equation  

  0617852 234 xxxx  

4+4+2

(b) Prove that )1()1()1( 523 xaxxx  is a reciprocal equation if 1a  and solve it 
when 2a . 

(c) By Rolle’s theorem, find the number and positions of the real roots of the equation 

07123 xx . 

  

 GROUP-C  

5. Answer all the questions: 

(a) The sum of two roots of the equation 

   024198 234 xxxx  

is equal to the sum of the other two. Find λ  and solve the equation. 

5+5

(b) Use Sturm’s theorem to show that the equation 03723 234 xxxx  has one root 
between –2 and –1, one root between –1 and 0 and two roots between 2 and 3. 

   

 GROUP-D 

6.  (a) If α, β, γ, δ be the roots of the biquadratic 0234 srxqxpxx , then find the 
equation whose roots are 

   )( ,  )( ,  )(  

Hence find the value of 

  )()()()()()(  

5+5

(b) Find the equation of the squared differences of the roots of the cubic 123 xxx . 
Hence show that two roots of this equation are equal. 

 ——×—— 
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UNIVERSITY OF NORTH BENGAL 

B.Sc. Programme 6th Semester Examination, 2021  

SEC4 (P2)-MATHEMATICS 
Time Allotted: 2 Hours Full Marks: 60 

ASSIGNMENT 

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

 The question paper contains SEC4A and SEC4B. Candidates are 
required to answer any one from the two Courses and  

they should mention it clearly on the Answer Book. 

 

 SEC4A 

Graph Theory 

 

 GROUP-A / বিভাগ-ক   

 Answer all questions 

বিম্নবিবিত প্রশ্নগুবির উত্তর দাও 

2×5 = 10 

1.  (a) Can a simple graph with 7 vertices be isomorphic to its complement? 

7 টি ীলষটফন্দ ু মুক্ত যর গ্রাপ (simple graph) টি টনজেয ূযি (complement)-এয টত 

isomorphic জফ ? 

 

(b) Explain why there does not exists a tree having degree sequence 1, 1, 1, 1, 4, 4. 

ফযাখ্যা িযঃ 1, 1, 1, 1, 4, 4 টিগ্রী ক্রভ (degree sequence) মুক্ত কিান tree-এয টিত্ব কনআ। 
 

(c) Let G be a simple graph of order n such that 2)1()deg(  nu  for every vertex u 
of G. Prove that G is connected. 

ধয G এিটি n িষাজযয যর গ্রাপ (simple graph) কমখ্াজন 2)1()deg(  nu , প্রটতটি u 

ীলষটফন্দুয েনয। কদখ্াও কম G এিটি ংমুক্ত গ্রাপ (connected graph)। 

 

(d) Show that a graph with 5 vertices and with no loops or parallel edges which has at 
least 8 edges is Hamiltonian. 

কদখ্াও কম কিান গ্রাপ, মায 5টি ীলষটফন্দ ুএফং িভজে 8টি ফাহু (ভান্তযার ফাহু ফা রু (loop) কনআ) 

Hamiltonian জফ। 

 

(e) Draw the graph G represented by the given adjacency matrix, 

এিটি গ্রাপ ঙ্কন িয কমখ্াজন প্রদত্ত adjacency ভযাটিক্স র 

 





















1110

1012

1101

0210

GA  
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 GROUP-B / বিভাগ-ি   

 Answer all questions 

বিম্নবিবিত প্রশ্নগুবির উত্তর দাও 

12×3 = 36 

2.  (a) Prove that a simple graph G with n vertices and m components cannot have more 
than )1)((2

1  mnmn  edges. 

কদখ্াও কম n ংখ্যি ীলষটফন্দু এফং m ংখ্যি উাংমুক্ত (components) কিান যর গ্রাজপয ফাহুয 

ংখ্যা )1)((2
1  mnmn -এয কফট জত াজয না। 

4 

(b) Apply Dijkstra’s Algorithm to determine a shortest path from a to f in the 
following graph: 

Dijkstra’s algorithm-এয াাজময টনম্নটরটখ্ত গ্রাজপ উটিত ীলষটফন্দ ুa আজত f  টফন্দুয ভধযফতষী 

ফজেজে িভ দূযজত্বয থটি (shortest path) টনর্ষে িযঃ 

 

6 

(c) Prove that a bipartite graph qpK ,  of order 3n  is Hamiltonian if and only  

if  p = q. 

কদখ্াও কম 3n  িষাজযয এিটি bipartite গ্রাপ qpK ,  Hamiltonian জফ মটদ এফং শুধু মটদ  

p = q  ে। 

2 

   
3.  (a) Show that  /  প্রভার্ িযঃ 

(i) nmK ,  is a tree if and only if  m = 1 or n = 1. 

 nmK ,  এিটি tree জফ ⇔ m = 1 থফা n = 1 

(ii) nK  is a tree if and only if  n = 1 or 2. 

 nK  এিটি tree জফ ⇔ n = 1 থফা n = 2 

4 

(b) Let T1 be a tree of order n and size 10 and T2 be another tree of order 4n – 1. Find 
the size of T2. 

ধয T1 এিটি tree মায িষায n এফং অিায (size) 10 এফং T2 য এিটি tree মায িষায 

4n – 1। তাজর T2 tree-এয অিায (size) টনর্ষে িয। 

4 

(c) If a simple regular graph has n vertices and 24 edges, find all possible values of n. 

মটদ এিটি যর regular গ্রাজপয n ংখ্যি ীলষটফন্দু এফং 24টি ফাহু থাজি তজফ n-এয ম্ভাফয ভানগুটর 

টনর্ষে িয। 

3 

(d) Prove that the size of nK  is a multiple of n if n is odd. 

প্রভার্ িয মটদ n এিটি টফজোড় ংখ্যা ে তজফ nK -এয অিায (size) n-এয গুটর্তি জফ। 

1 
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4.  (a) Give an example of a graph that has neither a Hamiltonian cycle nor a Euler 

circuit. 

এভন এিটি গ্রাজপয উদাযর্ দাও মায ভজধয Hamiltonian েক্র (cycle) এফং Euler ফতষনী 

(circuit) কিানিাআ থািজফ না। 

2 

(b) The adjacency matrix AG and the incidence matrix IH of two graphs G and H 
respectively each with 5 vertices are shown below: 

5টি ীলষফন্দু মুক্ত দুটি ৃথি গ্রাপ G এফং H-এয মথাক্রজভ adjacency কভটিক্স AG এফং incidence 

কভটিক্স IH টনজম্ন প্রদত্তঃ 

















































1000

1000

0110

0101

0011

,

00100

00010

10001

01001

00110

HG IA  

Check whether G and H are isomorphic or not. 

তাজর G এফং H isomorphic জফ টিনা মাোআ িয। 

5 

(c) Let G be a self-complementary graph of order n. Show that either 
)4(mod1or)4(mod0  nn . 

ধয G এিটি n িষাজযয self-complementary গ্রাপ। কদখ্াও কম )4(mod0n থফা 

)4(mod1n  জফ। 

3 

(d) Let G be a graph of order )6(n . Show that either G or G contains a cycle of 
length 3. 

ধয G এিটি )6(n  িষাজযয গ্রাপ। কদখ্াও কম G টনজে থফা G-এয ভজধয 3 দদজ ষ্যয েক্র (cycle) 

থািজফ। 

2 

   

 GROUP-C / বিভাগ-গ   

 Answer all questions 

বিম্নবিবিত প্রশ্নগুবির উত্তর দাও 

7×2 = 14 

5.  (a) Check that the following graph is Eulerian or not. If yes then find an Eulerian 
circuit in it. 

টনম্নটরটখ্ত গ্রাপটি Eulerian জফ টিনা মাোআ িয। মটদ উত্তযটি যাাঁ ে তাজর আাজত এিটি 

Eulerian েক্র (cycle) খু্াঁজে কফয িয। 

 

5 
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(b) Prove that the complement of a disconnected graph is connected. 

কদখ্াও কম কিান এিটি টফটিন্ন গ্রাপ (disconnected graph)-এয ূযি (complement) এিটি 

ংমুক্ত (connected) গ্রাপ জফ। 

2 

   

6.  (a) Does there exists a graph with 20 edges if each vertex is of degree 3? Justify your 
answer. 

মটদ প্রটতটি ীলষটফন্দুয টিগ্রী 3 ে তাজর 20টি ফাহুটফটষ্ট এভন কিান গ্রাজপয টিত্ব াওো মাজফ টি ? 

আায উত্তজযয মথামথ মুটক্ত দাও। 

2 

(b) For the graphs G1 and G2, determine whether G1 is isomorphic to G2. Justify your 
answer. 

টনম্নটরটখ্ত G1 এফং G2 গ্রাপদ্বে isomorphic টিনা উমুক্ত মুটক্ত মাোআ িয। 

 

5 

   

 SEC4B 
Boolean Algebra and Automata Theory 

 

 GROUP-A / বিভাগ-ক   

 Answer all questions 

বিম্নবিবিত প্রশ্নগুবির উত্তর দাও  

2×5 = 10 

1.  (a) Construct an FA equivalent to the regular expression babababaa *)(*)(  . 

babababaa *)(*)(   এআ স্বাবাটফি যাট (regular expression)-টিয ভতুরয এিটি FA 

টেত্র ঙ্কন িয। 

 

(b) Show that the power-set lattice P(U) is a distributive lattice for any set U. 

কম কিান এিটি কি U এয েনয কদখ্াও কম U কজিয power set lattice P(U)-টি এিটি 

distributive lattice। 

 

(c) Write down the Block diagram of NOR-Gate. 

NOR-কেজিয Block diagram-টি উজেখ্ িয। 

 

(d) Show that }1|{ nba nn  is not regular. 

কদখ্াও কম }1|{ nba nn
 স্বাবাটফি (regular) নে। 

 



UG/CBCS/B.Sc./Programme/6th Sem./Mathematics/MATHPSEC4/2021 

6076 5  Turn Over 

(e) Give an example of an infinite lattice L with a finite length. 

টনটদষষ্ট দদ্ষযমুক্ত এিটি ীভ lattice L-এয উদাযর্ দাও। 

 

   

 GROUP-B / বিভাগ-ি   

 Answer all questions 

বিম্নবিবিত প্রশ্নগুবির উত্তর দাও 

12×3 = 36 

2.  (a) Convert NFA to its equivalent DFA: 

NFA আজত ভতুরয DFA-এ রূান্তটযত িযঃ 

Current State 
Input symbols 

a b 

0q  2q  0q  

1q  2q  0q , 1q  

2q  1q , fq  0q  

fq  __ __ 
 

4 

(b) Find the corresponding regular expression for the FA given in the following 
figure: 

টনম্নটরটখ্ত ছটফজত প্রদত্ত FA-এয regular expression-টি টনর্ষে িযঃ 

  

 

 

 

 

 

 

4 

(c) Find the language generated by the following grammars: 

টনম্নটরটখ্ত grammar-গুটর দ্বাযা েটিত বালাগুটর ন্ধান িযঃ 

(i) aXbaSbS |  bbXX |  

(ii) babSaAS |||  bbSbAA ||  

4 

   

3.  (a) Let a and b be two elements in a lattice ),( L . Show that bba   if and only if 
.aba   

ধয এিটি lattice ),( L -এয দুটি উাদান a এফং b । প্রভার্ িয কম ababba  । 

2 

(b) Find (i) the complements of the vertices b and c in the given lattice L. 

 প্রদত্ত lattice L-এয b এফং c ীলষটফন্দুয complement-টি টনর্ষে িয। 

 (ii) the dual of L. 

 L-এয dual টনর্ষে িয।  

 

 

 

2 

S 

B 

A  

F  

a 

a 

b b 

b 

a, b 

a 

c 

e 

f 

d 

b 

• 
• 

• 
• 

• 

• 
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(c) Consider a set }48,36,12,8,4,3,2{:A  and let aAAbaR :),{(:   is a 
divisor of b} be a relation on A. Draw the Hasse diagram and check whether  
(A,  R) forms a lattice or not. 

ধয }48,36,12,8,4,3,2{:A  এিটি কি এফং abaR |),{(  র b-এয এিটি 

বােি}, A কিটিয উয ম্পিষ। Hasse করখ্টেত্রটি ঙ্কন িয এফং (A, R) এিটি lattice েিন 

িযজফ টিনা মাোআ িয। 

3 

(d) Which of the following Hasse diagrams represent a lattice? Justify your answer. 

টনম্নটরটখ্ত কিান কিান Hasse diagram-টি lattice জফ ফুটিজে ফর। 

 

5 

   

4.  (a) Draw the circuit that represents the following Boolean function. Find also an 
equivalent simpler circuit. 

টনম্নটরটখ্ত Boolean জেিটিয ফতষনী (circuit)-টি ঙ্কন িয এফং আায ভতুরয যর ফতষনী 

(simpler circuit)-টি ঙ্কন উজেখ্ িযঃ 

x y z ),,( zyxf  

1 1 1 1 

1 1 0 0 

1 0 1 1 

1 0 0 1 

0 1 1 1 

0 1 0 0 

0 0 1 0 

0 0 0 1 
 

7 

(b) Verify whether the following Boolean expressions   and   are equal or not. 

টনম্নটরটখ্ত Boolean যাটদ্বে   এফং  ভান টিনা মাোআ িযঃ 

 yzxyxzxyx   ,))((  

2 

(c) Convert the following Boolean expression from DNF to CNF: 

টনম্নটরটখ্ত Boolean যাটটিয DNF পভষটি CNF-এ রূান্তটযত িযঃ 

 cbacbaabc   

3 

   

 GROUP-C / বিভাগ-গ   

 Answer all questions 

বিম্নবিবিত প্রশ্নগুবির উত্তর দাও 

7×2 = 14 

5.  (a) Use Karnaugh map to find a minimal sum for the following Boolean expression: 

Karnaugh map-এয াাজময টনম্নটরটখ্ত Boolean যাটটিয minimal sum টনর্ষে িযঃ 

 xzzyxyzxxyz   

4 
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(b) Let the union S of sets },,,{},,,,{},,,,{ 321321321  cccCbbbBaaaA   
be ordered by: 

},,,,,,,,,,{};;{ 321321321  cccbbbaaaCBAS  . Show that S is not 

isomorphic to ℕ with usual order. 

},,,{},,,,{},,,,{ 321321321  cccCbbbBaaaA   কি টতনটিয Union 

কিটিয ক্রভ (order) },,,,,,,,,,{};;{ 321321321  cccbbbaaaCBAS  । 

কদখ্াও কম াধাযর্ ক্রভ (usual order) এয াজজে S কিটি ℕ এয াজথ isomorphic জফ না। 

3 

   

6.  (a) Consider a partially ordered set L in the following fig. 

ধয L এিটি অংটি ক্রভ কি (partially ordered set) মা টনম্নটরটখ্ত ছটফজত ফটর্ষত। 

 

 

 

 

 

(i) Show that L forms a lattice. 

 কদখ্াও কম L এিটি lattice েিন িজয।  

(ii) Is L distributive? 

 এআ L lattice-টি distributive টিনা মাোআ িয। 

5 

(b) Draw the logic circuit of the Boolean expresssion CBACBACBA  . 

Boolean যাট CBACBACBA  -এয logical circuit টনর্ষে িয। 

2 

 
——×—— 
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