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UNIVERSITY OF NORTH BENGAL 
B.Sc. Honours 6th Semester Examination, 2022 

CC13-MATHEMATICS 

RING THEORY AND LINEAR ALGEBRA-II 

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 all the prime ideals in the ring ℤ8. 

  

2. Express the ideal 4ℤ + 10ℤ  in the ring ℤ as a principal ideal of ℤ. 

  

3. Show that i1  is irreducible in ℤ ][ i . 
  

4. Give an example of a matrix 2MA (ℝ) such that A has no eigenvalue. 
  

5. Test for the diagonalizability of the matrix ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
10

21
 in 2M (ℝ). 

  

6. If 1S  and 2S  are two subsets of a vector space V such that 21 SS  then prove that 
0
1

0
2 SS . Here 0S  denotes the annihilator of S. 

  

 GROUP-B 

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

7.  (a) Show that aaI :)0,{( ℤ} is a prime ideal but not a maximal ideal in the ring ℤ × ℤ. 
3

(b) Prove that in an integral domain, every prime element is an irreducible element. Is 
the converse true? Justify your answer. 

3

  

8.  (a) Show that i112  and i72  are relatively prime in the integral domain ℤ ][ i . 3

(b) Prove that ][xK  is a Euclidean domain where K is a field. 3
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9.  (a) Let B },,{ 321  be a basis for ℝ3, where 1 (1, 0, –1), 2 (1, 1, 1) and 

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

3

(b) Let W be the subspace of ℝ5 which is spanned by the vectors 1 = (2, –2, 3, 4, –1), 

2 (–1, 1, 2, 5, 2), 3 (0, 0, –1, –2, 3) and 4 (1, –1, 2, 3, 0). Find 0W . 

3

  

10.(a) Let V be a vector space over a field F and VVT :  be a linear operator. Suppose 

)(tT  and )(tm  are the characteristic polynomial and minimal polynomial of T 

respectively. Then prove that )(tm  divides )(tT . 

3

(b) Prove that for all ,  in a Euclidean space V, 0, 〉〈  iff 
222 |||||||||||| . 

3

  

11.(a) Let V be an inner product space and T be a linear operator on V. Then prove that T 
is an orthogonal projection iff T has an adjoint T  and TTT 2 . 

4

(b) State Bessel’s inequality regarding an orthogonal set of nonzero vectors in an 
inner product space V. 

2

  

12.(a) Apply Gram-Schmidt process to the given subset S of the inner product 
space V to obtain an orthonormal basis B for span (S), where V  ℝ3 and 
S  {(1, 1, 1),  (0, 1, 1),  (0, 0, 1)}. 

4

(b) Let 2MA (ℝ), where ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
31

20
A . Show that A is diagonalizable. 2

  

 GROUP-C 

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

13.(a) Let R be an integral domain. Suppose there exists a function }0{\: R ⟶ ℕ0 such 
that for all )()(},0{\, bbaRba , where equality holds iff a is a unit. Then 
prove that R is a factorization domain. 

6

(b) If p be a nonzero non-unit element in a PID D, then prove that the following 
statements are equivalent: 

(i) p is a prime element in D. 

(ii) p is an irreducible element in D. 

(iii) 〉〈 p  is a nonzero maximal ideal of D. 

(iv) 〉〈 p  is a nonzero prime ideal of D. 

6

  

14.(a) Prove that the integral domains ℤ ][ ni  for n  6, 7, 10 are factorization domains 
but not unique factorization domains. 

6
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(b) Let nMV (ℝ) and VB  be a fixed vector. If T is the linear operator on V 

defined by BAABAT )(  and if  f  is the trace function, what is )( fT t ? 

Here tT  denotes the transpose of T. 

4

(c) Let 〉〈 ,  be the standard inner product on ℝ2. Let )2,1(  and )1,1( . If  

is a vector such that 1, 〉〈  and 3, 〉〈 , find . 

2

  

15.(a) Let F be a field and f be the linear functional on 2F , defined by 

2121 ),( bxaxxxf . Then find fT t , where 22: FFT  is a linear operator 

defined by ),(),( 212121 xxxxxxT  for all 2
21 ),( Fxx . 

4

(b) Find the minimal polynomial of the matrix 3MA (ℝ), where 

 
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

323

436

224

A  

5

(c) Let 1T  and 2T  be two linear operators on an inner product space V. Then prove that 

1221 )( TTTT . 

3

  

16.(a) Let V be an n-dimensional inner product space and W be a subspace of V. Then 

prove that )dim()dim()dim( WWV , where W  denotes the orthogonal 
complement of W. 

5

(b) Let T be a linear operator on a finite dimensional vector space V and let )(tf  be 

the characteristic polynomial of T. Then prove that 0)( TTf , where 0T  denotes 

the zero transformation. 

4

(c) Let V be a finite dimensional vector space and W be a subspace of V. Then 
WVW dimdim)dim( 0 . 

3

 
——×—— 
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UNIVERSITY OF NORTH BENGAL 
B.Sc. Honours 6th Semester Examination, 2022 

CC14-MATHEMATICS 

PARTIAL DIFFERENTIAL EQUATIONS AND APPLICATIONS 

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. Solve the partial differential equation zyqxp tantantan . 3
  

2. Eliminate the arbitrary function  f  to obtain a partial differential equation from 

)( log122 yxfyz . 

3

  
3. Find the region in the xy-plane where the partial differential equation 

0}1){(2}1){( 22
yyxyxx zyxzzyx   is hyperbolic. 

3

  
4. Find the characteristic curves of 0cos2sin2

yyxyxx zzxzx . 3

  
5. Find the degree of the following PDE: 

 yxzzz xyxx
22 )(sin2  

Write down the relation between arbitrary constants, independent variables and 
order of a PDE. 

3

  
6. Obtain a solution of the partial differential equation zyqxp  representing a 

surface passing through the parabola 1,42 zxy . 

3

  

 GROUP-B 

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

7.   Apply vu  and )()(),( ygxfyxv  to solve the equation uuyux yx 42224 . 6

  

8. Reduce the equation yxyyxyxx uy
x

ux
y

uyuxyuy
22

22 2  to a canonical form. 6
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9. Solve the non-homogeneous wave equation: 

 0,,)exp(4
2

2

2

2

txx
x

u

t

u
 

with the conditions: xxuxxu t cos)0,(,)0,( 2  

6

  
10. A tightly stretched string of length l with fixed ends is initially in equilibrium 

position. It is set vibrating by giving each point a velocity )(sin3 lx . Find the 
displacement of the string out any distance from one end at any time t. 

6

  
11. Find the temperature distribution in a laterally insulated rod of length ‘l’ whose 

ends are also insulated and the initial temperature is given by  

 
⎩
⎨
⎧

lxlxl

lxx
xu

2if

20if
)0,(  

Where ),( txu  represents temperature distribution, x is the spatial coordinate and t 
is the time coordinate. Also ),( txu  is bounded as t . 

6

  
12. Reduce the equation 0,0 xuxu yyxy  to its canonical form. 6

  

 GROUP-C 

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

13.(a) Obtain the differential equation eliminating the arbitrary functions  f  and g from 
 )()( ygxxfyz  

6

(b) Reduce the equation 044 zzzz yyxyxx  to its canonical form. 6

  
14.(a) Obtain the general solution of wave equation for a semi-infinite string with free 

end boundary condition, given that initial deflection )()0,( xfxu  and initial 

velocity )()0,( xgx
t

u
 where ),( txu  represents the vertical deflection of 

string, x is the spatial coordinate and t is the time coordinate. Also discuss the case 
when initial velocity is zero. 

6

(b) Solve the PDE zzyxzyx yx )sin()cos( . Classify the PDE. 5+1=6

  
15.(a) Show that the equations xzqpxxyqxp 2,  are compatible and find their 

solution. 
6

(b) Find the characteristic strips of the equation 0pqyqxp  and obtain the 

equation of the integral surface through the curve 0,2: yxzC . 

6

  

16.(a) Use separation of variable to solve u
y

u

x

u
34 , given yy eeu 53  when 

0x . 

4

(b) Use Lagrange’s method to solve:  )()()( 222 yxzqxzypzyx  4

(c) Use Charpit’s method to solve:  0)()1( 2 qzbpp  4

 ——×—— 
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UNIVERSITY OF NORTH BENGAL 

B.Sc. Programme 6th Semester Examination, 2022  

DSE1/2/3-P2-MATHEMATICS 

Time Allotted: 2 Hours Full Marks: 60 

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 

LINEAR PROGRAMMING 

 GROUP-A / িবভাগ-ক / lewg-d 

 Answer any four questions from the following 

িনmিলিখত েয-েকান চারিট  pেűর উtর দাও 

rydk dquS pkj iz”ug:dks mÙkj nsÅ 

3×4 = 12

1. Prove that, the set defined by }2||:{ xxX  is a convex set. 3

 pমাণ কর, েসট }2||:{ xxX  একিট উtল েসট। 

 }2||:{ xxX  ys ifjHkkf’kr set ,mVk convex set gks Hkuh izek.k xjA 

  
2. Use dominance to reduce the pay-off matrix and solve the game with the following 

pay-off matrix: 
ডিমেনn (Dominance) পdিত বয্বহার কের িনmিলিখত েপ-অফ/পিরেশাধ ময্াি¹kেক িরিডউস
(reduce) কর এবং িনmিলিখত পিরেশাধ ময্াি¹k (Pay off matrix) িবিশŶ েখলা (Game)-েক 
সমাধান করঃ 
fnb,dks pay-off matrix ykbZ dominance iz;ksx xjh ?kVk,j R;ldks [ksy (game)
lek/kku xjA 

 B1 B2 B3 
A1 6 8 6 
A2 4 12 2 

 

3

  
3. Find the dual of the following L.P.P.: 

fnb,dks L.P.P. ckV dual fu.kZ; xjA 

 Minimize 321 1086 xxxZ  

 Subject to, 2321 xxx  

  12 31 xx  

  0,, 321 xxx  

3
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 িনmিলিখত এল.িপ.িপ. (L.P.P.)-এর Dual েবর কর – 

 সবর্িনm (Minimize)  321 1086 xxxZ  
 -এর সােপেk (Subject to),  2321 xxx  
  12 31 xx  

  0,, 321 xxx  
  

4. Solve the following problem graphically: 

fnb,dks leL;kykbZ xzkfQd :iek lek/kku xjA  

 Minimize 213 xxZ  

 Subject to, 232 21 xx  

  121 xx  

  0, 21 xx  

3

 েলখিচেtর সাহােযয্ িনmিলিখত সমসয্া সমাধান করঃ
 সবর্িনm (Minimize)  213 xxZ  
 -এর সােপেk (Subject to),  232 21 xx  

  121 xx  

  0, 21 xx  

  

5. Find the extreme points, if any, of the set }1||,2||:),{( yxyxX . 3

 েসট }1||,2||:),{( yxyxX -এর েকান চরম িবn ুসমূহ (extreme points) থাকেল তা 
েবর কর। 

 ;fn N Hkus] set }1||,2||:),{( yxyxX  dks pje fcUnq fu.kZ; xjA 

  

6. Write down the following L.P.P. in standard form: 

 Standard form ek fnb,dks L.P.P. ykbZ ys[k% 

 Minimize 321 32 xxxZ  

 Subject to, 232 321 xxx  

  1432 321 xxx  

  0,, 321 xxx  

3

 িনmিলিখত এল.িপ.িপ. (L.P.P.)-েক pমাণ আকাের (Standard form) পিরণত করঃ 
 সবর্িনm (Minimize)  321 32 xxxZ  
  -এর সােপেk, (Subject to),   232 321 xxx  

  1432 321 xxx  

  0,, 321 xxx  
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 GROUP-B / িবভাগ-খ / lewg-[k 

 Answer any four questions from the following  

িনmিলিখত েয-েকান চারিট  pেűর উtর দাও 

rydk dquS pkj iz”ug:dks mÙkj nsÅ 

6×4 = 24

7.   Show that 1,0,5 321 xxx  is a basic solution of the system of equations 

 42 321 xxx  

 552 321 xxx  

Find the other basic solutions (if any). 

6

 েদখাও েয, 1,0,5 321 xxx  সমীকরণ িসেsম 42 321 xxx , 

552 321 xxx -এর েমৗিলক সমাধান (Basic solution)। অনয্ েমৗিলক সমাধান (Basic 

solution) থাকেল তা েবর কর। 

 1,0,5 321 xxx  lfedj.kg:dks iz.kkyh 42 321 xxx , 552 321 xxx  

dks basic lek/kku gks Hkuh izek.k xjA ;fn N Hkus v: basic lek/kkug: ifu fu.kZ; 
xjA 

  

8.   Draw graphically the feasible space, if any, given by the following L.P.P. and find 
out the extreme points of the feasible region. 

fnb,dks L.P.P. ckV ;fn lEHkkO; Bk¡m (Feasible space) N Hkus xzkfQd :iek fp=.k xj 

vfu lEHkkO; {ks= dks pje fcUnqg: ifu [kkst~ xjA  

 Maximize 21 52 xxZ  

 Subject to, 3065 21 xx  

  2123 21 xx  

  1221 xx    ;     0, 21 xx  

6

 েলখিচেtর মাধয্েম, িনmিলিখত এল.িপ.িপ. (L.P.P.)-এর সmাবয্ জায়গা/sান (Feasible space) যিদ 
থােক তেব েবর কর এবং সmাবয্ অĀল (Feasible region)-এর চরম িবn ুসমূহ (Extreme points) 
েবর কর। 
 সবর্ািধক (Maximize)  21 52 xxZ  

 -এর সােপেk (Subject to),  3065 21 xx  

  2123 21 xx  

  1221 xx    ;     0, 21 xx  
  

9.  Find the minimum cost solution for the 4×4 assignment problem whose cost 
coefficients are given by: 

4×4 assignment leL;kdks U;wure ykxr lek/kku [kkst xj] tl~dks ykxr xq.kkad ;l 
izdkj NA 

 I II III IV 
A 2 –1 –1 –2 
B 1 0 –2 –1 
C 1 –1 –2 0 
D 2 2 1 1 

 

6
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 িনmিলিখত 4×4 অিপর্ত সমসয্ার (Assignment problem) সবর্িনm মলূয্ সমাধান (Minimum cost 
solution) েবর কর, যার মূলয্ সহগসমূহ (Cost coefficients) েদওয়া হেয়েছ। 

 I II III IV 

A 2 –1 –1 –2 

B 1 0 –2 –1 

C 1 –1 –2 0 

D 2 2 1 1 
 

  

10. Solve the following L.P.P. by Simplex method: 

fnb,dks L.P.P. ykbZ Simplex i)fr }kjk lek/kku xjA  

 Minimize 532 23 xxxZ  

 Subject to, 723 532 xxx  

  1242 32 xx  

  10834 532 xxx  

  0,, 532 xxx  

6

 িনmিলিখত এল.িপ.িপ. (L.P.P.)-িট সরলীkত পdিতেত (Simplex method) সমাধান করঃ 
 সবর্িনm (Minimize)  532 23 xxxZ  
 -এর সােপেk (Subject to),  723 532 xxx  

    1242 32 xx  

    10834 532 xxx  

  0,, 532 xxx  

  

11. Solve the following transportation problem: 

িনmিলিখত পিরবহন সমসয্ািট (Transportation problem) সমাধান করঃ 

fnb,dks transportation leL;k lek/kku xjA 

 D1 D2 D3 

O1 0 2 1 

O2 2 1 5 

O3 2 4 3 
 

6

  

12. Use Big-M method to solve the following L.P.P.: 

Big-M i)fr }kjk fnb,dks L.P.P. lek/kku xjA  

 Maximize 213 xxZ  

 Subject to, 22 21 xx  

  33 21 xx  

  42x    ;     0, 21 xx  

6
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 িবগ-এম পdিত (Big-M method) বয্বহার কের িনmিলিখত এল.িপ.িপ (L.P.P.) সমাধান করঃ 
 সবর্ািধক (Maximize)   213 xxZ  
 -এর সােপেk (Subject to),   22 21 xx  

  33 21 xx  

  42x    ;     0, 21 xx  

  

 GROUP-C / িবভাগ-গ / lewg-x 

 Answer any two questions from the following  

িনmিলিখত েয-েকান dিট  pেűর উtর দাও 

rydk dquS nqbZ iz”ug:dks mÙkj nsÅ 

12×2 = 24

13.(a) Solve graphically the following game: 

িনmিলিখত েখলািট েলখিচেtর সাহােযয্ সমাধান করঃ 
fnb,dks [ksyykbZ xzkfQd :iek lek/kku xjA 

 321 BBB  

 ⎥
⎦

⎤
⎢
⎣

⎡
2

11

5

3

8

1

2

1

A

A
 

4

  
(b) Using following cost matrix, determine optimal job assignment and the cost of 

assignments: 

ry fnb,dks ykxr matrix iz;ksx xjh] optimal job assignment vfu cost of 
assignment g:dks ykxr fu.kZ; xjA 

 Job 

 TSRQP  

 Mechanic  

⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

1069109

42853

42657

72879

823310

E

D

C

B

A

 

8

 িনmিলিখত মূলয্ ময্াি¹k (Cost matrix) বয্বহার কের, অনুkল কাযর্ অিপর্ত (Optimal job 
assignment) এবং অিপর্ত সমসয্ার মূলয্ িনধর্ারণ করঃ 
 কাযর্ 
 TSRQP  

 Ëিমক  

⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

1069109

42853

42657

72879

823310

E

D

C

B

A
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14. Solve the following L.P.P. with the help of Two Phase method: 

Two Phase i)fr }kjk ry fnb,dks L.P.P. lek/kku xjA  

 Minimize 321 32 xxxZ  

 Subject to, 232 321 xxx  

  1432 321 xxx  

  0,, 321 xxx  

12

 dই েফজ (Two Phase) পdিতর সাহােযয্ িনmিলিখত এল.িপ.িপ. (L.P.P.)-িট সমাধান করঃ 
 সবর্িনm (Minimize)  321 32 xxxZ  
 -এর সােপেk (Subject to),  232 321 xxx  

 1432 321 xxx  

 0,, 321 xxx  

  

15. An agriculture farm has 180 tons of Nitrogen fertilizers, 250 tons of phosphate and 
220 tons of potash. It is able to sell 3:3:4 mixtures of these substances at a profit of 
Rs. 15 per ton and 1:2:1 mixtures at a profit of Rs. 12 per ton respectively. Pose a 
L.P.P. to show how many tons of these two mixtures should be prepared to obtain 
the maximum profit. Solve the problem by graphical method. 

8+4

 একিট kিষ ফােমর্ 180 টন নাইে¹ােজন সার, 250 টন ফসেফট এবং 220 টন পটাশ আেছ। এই 
পদাথর্gিলর 3:3:4 িমËণেক 15  টাকা লােভ এবং 1:2:1 িমËণেক 12  টাকা লােভ িবkয় করা যায়। এই 
dই িমËেণর কত টন ৈতরী করা উিচত যােত লাভ সেবর্াc হয়, এই মেমর্ একিট এল.িপ.িপ. (L.P.P.) ৈতরী 
কর। এই সমসয্ািট েলখিচেtর মাধয্েম সমাধান কর।  

 ,mVk Ñf’k QkeZek 180 Vu~ Nitrogen ey] 250 Vu~ phosphate vfu 220 Vu~ potash
NA ;lys ØeSlaxys 3:3:4 dks inkFkZ feJ.k ykbZ `15 izfr Vu~ dks ukQkek vfu 1:2:1 dks 
inkFkZ feJ.kykbZ `12 izfr Vu~dks ukQkek csPu~ lDNA dfr Vu~dks ;l inkFkZdks feJ.k 
T;knk ekiek ukQk ikmuq dks ykxh cukmu lDN HkUus ,mVk L.P.P. r;kj xjA ;l 
leL;kykbZ xzkfQd :iek lek/kku xjA 

  

16. Find the dual problem of the following L.P.P. and then solve the dual problem: 

ry fnb,dks L.P.P. dks dual leL;k [kkst vfu R;l dual leL;kykbZ lek/kku xjA  

 Maximize 21 6xxZ  

 Subject to, 221 xx  

  33 21 xx  

  0, 21 xx  

12

 িনmিলিখত এল.িপ.িপ. (L.P.P.) –এর ৈdত (Dual) সমসয্া েবর কর এবং ৈdত সমসয্ািট সমাধান করঃ 
 সবর্ািধক (Maximize) 21 6xxZ  

 -এর সােপেk (Subject to), 221 xx  

  33 21 xx  

 0, 21 xx  
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 DSE-2B 

METRIC SPACES AND COMPLEX ANALYSIS 

 GROUP-A / িবভাগ-ক / lewg-d 

 Answer any four questions from the following  

িনmিলিখত েয-েকান চারিট  pেűর উtর দাও 

rydk dquS pkj iz”ug:dks mÙkj nsÅ 

3×4 = 12

1. Show that )Im()( zzf  is nowhere differentiable in ℂ. 

 েদখাও )Im()( zzf  অেপkকিট জিটল তেল অবকলনেযাগয্ নয়। 

 )Im()( zzf ek drS ifu differentiable NSu Hkuh izek.k xjA 

  

2. Let X  and XXd : ⟶ ℝ be defined by 

 
⎩
⎨
⎧

yx

yx
yxd

if1

if0
),(  

for Xyx, . Prove that ),( dX  is a metric space. 

 ধরা যাক, X  এবং XXd : ⟶ ℝ-একিট অেপkক, েযিট িনmিলিখতভােব সংjািয়তঃ 

 
⎩
⎨
⎧

yx

yx
yxd

1

0
),(  

েযখােন Xyx, । pমাণ কর ),( dX -একিট metric space । 

 ;fn X  vfu XXd : ⟶ ℝ  

⎩
⎨
⎧

yx

yx
yxd

if1

if0
),(     Xyx,   ys ifjHkkf’kr Hk, ),( dX  ,mVk metric space gks 

Hkuh izek.k xjA 

  

3. Show that ⎟
⎠
⎞

⎜
⎝
⎛

z
z

z 0
lim  does not exist. 

 
েদখাও ⎟

⎠
⎞

⎜
⎝
⎛

z
z

z 0
lim -এর েকােনা অিst েনই। 

 
⎟
⎠
⎞

⎜
⎝
⎛

z
z

z 0
lim  exist xnSZu Hkuh izek.k xjA 

  

4. Show that the function :u ℝ2 ⟶ ℝ, defined by 123),( 23 yxyxyxu  is 
Harmonic. 

 েদখাও েয িনmিলিখত অেপkকিট Harmonic-অেপkকঃ
:u ℝ2 ⟶ ℝ, েযখােন 123),( 23 yxyxyxu   

 123),( 23 yxyxyxu  ys ifjHkkf’kr Qyu :u ℝ2 ⟶ ℝ Harmonic gks Hkuh 

izek.k xjA 

  

যখন 

যখন 
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5. Let ),( dX  and ),(Y  be two metric spaces and YXf :  be a continuous map, 

and }{ nx  be a convergent sequence in X. Is the sequence )}({ nxf  convergent? 

— Justify. 

 ধরা যাক, ),( dX  এবং ),(Y -dেটা Metric space এবং YXf :  একিট সnত অেপkক, 
এবং }{ nx  একিট অিভমুখী অনুkম। এখন )}({ nxf  অনুkমিট কী অিভমুখী হেব ? িবেųষণ কর। 

 ;fn ),( dX , ),(Y  nqbZoVk metric space g: Hk,] vfu YXf :  ,mVk 

continuous map Hk, ;fu }{ nx  X ek ,mVk vfHkdsfUnzr (convergent) vuqØe Hk,A 

vuqØe )}({ nxf  ifu vfHkdsfUnzr gks \ mÙkjykbZ U;k;ksfpr (justify) xjA 

  

6. Show that every differentiable function :f  ℂ ⟶ ℂ is continuous. 

 েদখাও pিতিট অবকলনেযাগয্ অেপkক :f  ℂ ⟶ ℂ সnত। 

 izR;sd differentiable Qyu :f  ℂ ⟶ ℂ continuous gks Hkuh izek.k xjA 

  

 GROUP-B / িবভাগ-খ / lewg-[k 

 Answer any four questions from the following  

িনmিলিখত েয-েকান চারিট  pেűর উtর দাও 

rydk dquS pkj iz”ug:dks mÙkj nsÅ 

6×4 = 24

7.   State and prove Cauchy-Riemann equations. 2+4

 Cauchy-Riemann সমীকরণgেলা বণর্না কর এবং েসgেলা pমাণ কর। 

 Cauchy-Riemann lfedj.kykbZ mYys[k vfu izek.k xjA 

  

8.   Let (: Df ℂ) ⟶ ℂ, and ),(),()( yxivyxuzf , and Diyxz 000 . Then 

show that  f  is continuous at 0z  iff u and v are continuous at ),( 00 yx . 

3+3

 ধরা যাক, (: Df ℂ) ⟶ ℂ, এবং ),(),()( yxivyxuzf , এবং Diyxz 000 । 

pমাণ কর  f  অেপkকিট 0z  িবn ুেত সnত হেল, u এবং v  অেপkকdয়ও ),( 00 yx  িবn ুেত সnত 

হেব, এবং pমাণ কর, যিদ u এবং v অেপkকdয় ),( 00 yx  িবn ুেত সnত হয়, তাহেল  f  অেপkকিটও 

0z  িবn ুেত সntত হেব। 

 ;fn (: Df ℂ) ⟶ ℂ vfu ),(),()( yxivyxuzf  vfu Diyxz 000 । 0z ek

f ,mVk fujUrj (continuous) gqUN ;fn j ek= ;fn u vfu v fujUrj gqUN ),( 00 yx

ekA 

  

9.   Let (: Du ℂ) ⟶ ℂ be defined by 32),( 2 xyxyxu . 

Can you construct an analytic function Df : ⟶ ℂ such that uf )Re( , (where 
you can choose D suitably).  

If the construction is not possible, then explain the reason. 

6

 ধরা যাক, (: Du ℂ) ⟶ ℂ  অেপkকিট িনmিলিখতভােব বিণর্তঃ

 32),( 2 xyxyxu . 
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এমন েকােনা Analytic অেপkক Df : ⟶ ℂ -এর অিst েদখােনা সmব কী , যার জনয্ uf )Re(  
হেব ? (অìিট করার সময়, D  উপযুkভােব িনেত পারেব)। যিদ এ ধরেনর অেপkেকর অিst না থােক, 
তাহেল েযৗিkকতা িবচার কেরা। 

 ;fn (: Du ℂ) ⟶ ℂ ykbZ 32),( 2 xyxyxu  ys ifjHkkf’kr xfj, ds frehys ,mVk 

analytic Qyu Df : ⟶ ℂ fuekZ.k xuZ lDNkS] tgk¡ uf )Re(  gqUN \ (D ykbZ vk¶uks 

fglkcys NkUuqgksl~)A ;fn fuekZ.k uHk,dks [k.Mek R;ldks dkj.k crkmA 
  
10.   Let (ℝ2, d) be a metric space, where d is the Euclidean metric on ℝ2. Let

),( nn yx ℝn be a sequence and ),( 00 yx ℝ2. Prove that ),(),( 00 yxyx nn  if 

and only if 0xxn  and 0yyn  in ℝ. 

3+3

 ধরা যাক, (ℝ2, d)  হেলা একিট Euclidean metric Space এবং ),( nn yx ℝn  একিট অনুkম, 
এবং ),( 00 yx ℝ2 । pমাণ কর ),(),( 00 yxyx nn  হেল 0xxn  এবং 0yyn । আেরা, 
pমাণ কর, যিদ 0xxn  এবং 0yyn  হয়, তাহেল ),(),( 00 yxyx nn । 

 ;fn (ℝ2, d) ,mVk metric space Hk, tgk¡ d ℝ2 ek Hk,dks Euclidean metric gksA ;fn 
),( nn yx ℝn  ,mVk vuqØe Hk, vfu ),( 00 yx ℝ2  Hk,] izek.k xj 

),(),( 00 yxyx nn  ;fn vfu ;fn ek= 0xxn vfu 0yyn , ℝ ekA 

  
11.   State and prove Cantor’s theorem for a complete metric space. 2+4

 একিট Complete Metric Space-এর জনয্ Cantor’-এর উপপাদয্িট িববতৃ কর এবং pমাণ কর। 

 Complete Metric Space dks ykxh Cantor’s dks miik| mYys[k vfu izek.k xjA 

  
12.   Let ),( dX  be a metric space and XBA, . Show that 

 ),(dist)()()( BABdAdBAd , 

where )(Ad  denotes the diameter of A and ),(dist BA  denotes the distance 
between A and B. 

6

 ধরা যাক, ),( dX  একিট Metric Space এবং XBA, ।
েদখাও ),(dist)()()( BABdAdBAd , েযখােন )(Ad -এর অথর্, A েসেটর বয্াস এবং

),(dist BA -এর অথর্, A  এবং B  েসটdেয়র মেধয্ দূরt। 
 ;fn ),( dX  ,mVk metric space Hk, vfu XBA,  izek.k xj

),(dist)()()( BABdAdBAd , tgk¡ )(Ad ys A dks O;kl oks/k~ xNZ vfu 

),(dist BA ys A vfu B ek>dks nqjh crkm¡NA 

  

 GROUP-C / িবভাগ-গ / lewg-x 

 Answer any two questions from the following 

িনmিলিখত েয-েকান dিট  pেűর উtর দাও 

rydk dquS nqbZ iz”ug:dks mÙkj nsÅ 

12×2 = 24

13.(a) Let ),( dX  be a metric space and XA  be a compact set. Prove that A is closed 
and bounded. Is the converse part true? — Justify. 

3+3+2

 ধরা যাক, ),( dX  একিট Metric Space এবং XA  একিট Compact Set । pমাণ কর A  েসটিট
closed এবং bounded।  
এই বাকয্িটর িবপরীত বাকয্িট (Converse Part) কী সতয্ ? 
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 ekukS ),( dX  ,mVk metric space vfu XA  ,mVk compact set gksA A closed vfu 

bounded gks Hkuh izek.k xjA ;ldks mYVks lR; gks \ U;k;ksfpr xjA 
(b) Show that every convergent sequence in a metric space ),( dX  is Cauchy 

sequence. What is the converse part of the result? 
3+1

 েকান Metric Space এ, েয-েকান অিভমুখী অনুkম সবর্দাই Cauchy অনুkম হেব। এই বাকয্িটর 
িবপরীত বাকয্িট (Converse part) কী সতয্ হেব ? 

 Metric space ),( dX ek izR;sd vfHkdsfUnzr vuqØe Cauchy vuqØe gks Hkuh izek.k xjA 

;l ifj.kkedks mYVks ds gqUN \ 

  

14.(a) Evaluate: / িনণর্য় করঃ / eku fu.kZ; xj% 

∫
2|4|

2 ))(16(z izz

dzz
 

4

(b) Justify: / েযৗিkকতা িবচার করঃ / U;k;ksfpr xj%  
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
∫∫ dzzfdzzf ))((Re)(Re  3

(c) Prove that the argument function “arg”, where arg: ℂ ],(}0{\  is not 
continuous. 

3

 pমাণ করঃ Argument অেপkকিট “arg: ℂ ],(}0{\ ”  সnত না।  

 Argument Qyu “arg” tgk¡ arg: ℂ ],(}0{\  fujUrj NSu Hkuh izek.k xjA 

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

2

 Riemann Sphere-এ Stereographic অিভেkপ dারা iz 3  িবnিুটর pিতিবmিট কী হেব ? 

 Riemann sphere dks stereographic projection ek fcUnq iz 3  dks image fu.kZ; 
xjA 

  

15. Let Df : ⟶ ℂ, where D is open and connected, and  f  be analytic on D. 

 ধরা যাক Df : ⟶ ℂ একিট অেপkক, েযখােন D েসটিট Open এবং Connected, এবং f 

অেপkকিট D  েসেট Analytic । 
 ekukS Df : ⟶ ℂ ] tgk¡ D open vfu connected gks vfu f  D ek analytic gksA 

(a) If )(zf  is analytic, then )(zf  is constant. — Justify. 4

 যিদ )(zf   অেপkকিট analytic হয়, তাহেল f  অেপkকিটও analytic হেব। েযৗিkকতা িবচার কর। 

 ;fn )(zf  analytic gks Hkus )(zf  fLFkjkad constant gksA U;k;ksfpr xjA 

(b) Evaluate: / মান িনণর্য় করঃ / eku fu.kZ; xj% 

  ∫
3||

2 1z z

dz
 

2

(c) Show that )Re( f  is harmonic on D. 3

 pমাণ করঃ )Re( f  একিট Harmonic অেপkক। 

 )Re( f  D ek harmonic N Hkuh izek.k xjA 
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(d) Let zL { ℂ }0)(Re: z . Show that LDf :  is a constant function. 3

 ধরা যাক, zL { ℂ }0)(Re: z . েদখাও LDf :  অেপkকিট rবক অেপkক। 

 ekukS zL { ℂ }0)(Re: z . LDf :  ,mVk fLFkjkad Qyu gks Hkuh izek.k xjA 

  
16.(a) Show that the set of natural numbers is not complete with respect to the metric 

 || 11),( nmnmd , 

where m, n are natural numbers. 

4

 pমাণ কর sাভািবক সংখয্ার েসটিট || 11),( nmnmd  nm, ∈ℕ metric-এর সােপেk 

incomplete। 

 Metric || 11),( nmnmd  dks lUnHkZek] izkÑfrd la[;kdks set complete NSu Hkuh 

izek.k xj] tgk¡ m vfu n izkÑfrd la[;kg: gqu~A 

(b) Show that (ℝ, d) is a metric space, where d is defined by  

 
⎩
⎨
⎧

otherwise,||||

0if,||
),(

yx

xyyx
yxd  

4

 pমাণ কর (ℝ, d) একিট Metric Space, েযখােন d-েমি¹কিট িনmিলিখতভােব বিণর্তঃ 

  
⎩
⎨
⎧

0,||||

0,||
),(

xyyx

xyyx
yxd  

 (ℝ, d) ,mVk metric space gks Hkuh izek.k xj tgk¡ d ykbZ 

⎩
⎨
⎧

otherwise,||||

0if,||
),(

yx

xyyx
yxd   ys ifjHkkf’kr xfj,dks NA 

(c) In a metric space, show that arbitrary union of open sets is open. 2

 pমাণ কর েয-েকান Metric Space-এ যদৃc (arbitrary) open-েসেটর union open-েসট হেব। 

 dquS metric space ek] open set g:dks (arbitrary) la?k open N Hkuh izek.k xjA 

(d) In a metric space, countable intersection of open sets may not be open. — Explain. 2

 েয-েকান Metric Space-এ countable সংখয্ক open েসেটর intersection করেল open েসট নাও 
হেত পাের। িবেųষণ কর। 

 dquS metric space ek] open set g:dks x.kuk;ksX; (countable) izfrPNsnu~ open ugqu 
ifu lDNA O;k[;k xjA  

 

——×—— 
 

যখন 

যখন 
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UNIVERSITY OF NORTH BENGAL 
B.Sc. Honours 6th Semester Examination, 2022 

DSE-P3-MATHEMATICS 
Time Allotted: 2 Hours Full Marks: 60 

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 any four questions from the following  3×4 = 12

1. Give an example of a continuous bijective map between two spaces which is not a 
homeomorphism. Justify your answer. 

3

  
2. If F(ℕ) denotes the collection of all finite subsets of ℕ then find cardinality of F(ℕ). 3

  
3. The co-countable topology on ℝ is defined as the collection of all sets ¯U ℝ so thatℝ\U is either countable or all of ℝ. Is [0, 1] a compact subspace of ℝ with 

co-countable topology. 

3

  

4. Show that AA
00

0

  and 
c

AA
c 0

 , where cA  means complement of A. 3
  
5. Let us consider ℝ with cofinite topology. Find closure of A and B where A is finite and 

B is infinite. 
3

  
6. Examine if every constant function ),(),(: 21 JYJXf �  is continuous. 3

  

 GROUP-B 

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

7.   Prove that ca  2 , where |ℕ| a  and |ℝ| c . 6

  
8. Let ),(),(: YX JYJXf �  be a mapping then prove that the following are 

equivalent: 

(i) f  is continuous. 

6
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(ii) XAAfAf ¯�¯ ,)()(  

(iii) for any closed set C in Y, )(1 Cf �  is closed in X. 
  
9. Show that ℝ with usual topology is not compact but ℝ with cofinite topology is 

compact. 
6

  
10. Let X and Y be connected spaces. Show that YX �  is connected.  6
  
11. Show that },,);,{( Qsrsrsr ±�  is a basis for usual topology on ℝ but

},,);,{[ Qsrsrsr ±�  is not a basis for ℝ . 

6

  
12.(a) Can we say that metric spaces are topological spaces? — Explain. 2

(b) Show that projection maps are continuous open but not closed. 4
  

 GROUP-C 

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

13.(a) Let X be a compact Hausdorff space and let )( nA  be a countable collection of closed 

sets in X. Show that if each set nA  has empty interior in X, then the union U
±n

nA  also 

has empty interior in X. 

7

(b) Prove that continuous image of a connected space is connected. 5
  

14.(a) Show that the function :f  ℝ  ⟶ ℝ defined by ±� xxxf ][)( ℝ is continuous. 6

(b) Show that ℝn and ℝm cannot be homeomorphism if nm � . 6
  

15.(a) By giving examples show that cca  � , where |ℕ| a  and |ℝ| c . 5
(b) Show that closed subset of a compact space is compact but a compact subset of a 

topological space may not be closed. 
5+2

  
16.(a) Show by an example that connectedness is necessary in the statement of intermediate 

value theorem. 
3

(b) Let A be a subset of a topological space X and )( nx  be a sequence in A such that 

xxn � . Show that Ax ± . Also show that if X is a metric space then the converse is 
true. 

4+5

  

 DSE3B 

BOOLEAN ALGEBRA AND AUTOMATA THEORY 

 GROUP-A 

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

1. Give an example of a bijective mapping between two ordered sets which is not an 
order isomorphism. 

ℕ 
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2. Show by an example that union of two sublattices of a lattice may not be a sublattice. 

  
3. Reduce the Boolean term ))(.)(( 3121 ���� xxxx  to DNF. 

  
4. Identify the language )(ML  accepted by the automaton M in the figure: 

 
 
 
 
 
 

  
5. Let M be the NFA whose state diagram is given below: 

 
 
 
 
 
 
 
 
Write down the transition table for this NFA. Also find )(ML . 

  
6. Let }1,0{ ∑  and :{ 
∑± ZT  Z contains even number of 1’s}. Show that T is an 

accepted language. 
  

 GROUP-B 

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

7.  (a) Let L and K be two lattices and KLf �:  be a map. Prove that  f  is a lattice 
isomorphism iff it is order isomorphism. 

4

(b) Prove that every sublattice of a distributive lattice is also distributive. 2

  

8.  (a) Let L be a Boolean lattice. Then prove that for all 0,,  �¼± baLba  iff ba � . 3

(b) Let X be any set. Define :{)( XAXFC °  A is finite OR X \ A is finite}. Prove that
,,),(( ª«XFC  ′, ), XI  is a Boolean Algebra. 

3

  

9.   Suppose a 4-variable Boolean term is given as follows: 

 )15,13,10,9,8,7,5,2,1,0(m∑ I  

Minimize I using Karnaugh map. 

6

  

q0  

a 

q1 q2

b 
a

b 

a

b 

q0  
a 

q1 q2 q3 

q4 

b a

a, b 

a
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10.(a) For the given H-NFA, compute ),(ˆ 0 abaqG  and ),(ˆ 0 bbaqG . 

 
 
 
 
 
 
 
 
 
 
 

3

(b) Find epsilon closures of all the states of the given H-NFA. 
 
 
 
 
 
 
 
 
 

3

  

11. For },,{ cba ∑ , design a Turing machine that accepts }1|{ � ncbaL nnn . 6

  
12.(a) Show that the language of palindromes over },{ ba ∑  is a context free language. 4

(b) Distinguish between NFA and H-NFA. 2
  

 GROUP-C 

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

13.(a) Prove that a language L is accepted by some DFA iff L is accepted by some NFA. 6

(b) Find regular expression for the following DFAs: 

 

(i) 

 

 

(ii) 

 

 

 

 

3+3

q0 

ut v

rp s

a b

w 

a b

ab 

H 

H H 

H H 

b a

q0  q1 q3

ba

q2

a

H 

H H 
H 

b

 q2
a 

a

 q3
b

b

 q4
a

a, b 

 q1 

b 

q1 q0 

ba

b 

q2 

a 
b b
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14.(a) Draw the transition graph of the NPDA, ),,,,,,( 0 FzqQM G*∑ , where

},,{ 210 qqqQ  ,  }{},,,{},,{ 2qFzbaba   * ∑  and G  is given by: 

 )},(),,{(),,( 210 OG qaqzaq   

 )},{(),,( 11 bqabq  G  

 )},{(),,( 11 bqbbq  G  

 )},{(),,( 21 OG qbaq   

6

(b) Let },{ ba ∑  be an alphabet. Show that the language }1:{ � nbaL nn  is not a 
regular language but it is a CFL. 

6

  

15.(a) Prove that a lattice L is non-distributive iff 5N ↣ L OR 3M ↣ L. Here 1L  ↣ 2L

means 2L  contains a sublattice isomorphic to 1L . 

8

(b) Consider the lattice L given below: 

 

 

 

 

 

 

Which of the following are sublattices of L? 

 }1,,,0{,}1,,,0{ 512211 aaLaaL    

Justify your answer. 

4

  

16.(a) Draw a switching circuit which realizes the following Boolean expressions: 

(i) )()( zyzyxzyyzx ��������  

(ii) )()()( zxuyxuzyx ������  

3+3

(b) For ±n ℕ, suppose nD  denotes the set of all positive divisors of n. Then prove that

,( nD  ≼) is a Boolean lattice iff n is square free. Here, a ≼ b iff ba | . Here for 

a
naDa n  �± , . 

6

 
——×—— 

 

1

a1 

a4 

a3
a2

a5

0
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UNIVERSITY OF NORTH BENGAL 
B.Sc. Honours 6th Semester Examination, 2022 

DSE-P4-MATHEMATICS 
Time Allotted: 2 Hours Full Marks: 60 

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 

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

1. For the curve )2,3,3( 32 uuur  , show that radius of curvature 22 )21(
2
3 uR � . 

  
2. Find the equation to the developable surface which has the helix uax cos , 

cuzuay   ,sin  for its edge of regression. 
  

3. Find the length of the curve given as the intersection of the surfaces 

 )cosh(,1
2

2

2

2

azax
b

y

a

x   �  

from the point  (a, 0, 0)  to  ),,( zyx . 
  
4. Prove that the geodesic curvature vector of a curve is orthogonal to the given curve. 
  
5. If the nth derivative of r

r
 with respect to s is given by bcnbtar nnn

n
rrrr �� )( , prove 

that nnnn ckabb W��� �1 . 

  
6. Prove that the curve given by uazuuayuax cos,cossin,sin2     lies on a 

sphere. 
  

 GROUP-B 

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

7.   Show that a curve is a helix if and only if the curvature and torsion of that curve are in 
constant ratio. 

6
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8.   If the tangent and binormal at any point on a curve make angles T and I respectively 

with a fixed direction, then prove that  WI
T

I
T k

d
d � º

sin
sin . 

6

  

9.  (a) Prove that the asymptotic lines are orthogonal iff the surface is minimal. 3

(b) Show that the parametric curve on a surface ),sin,cos(),( vvuvuvur   are 
asymptotic line. 

3

  

10.   Find the parametric direction and angle between parametric curves. 3+3

  

11.(a) Find the equation of the tangent plane and normal to the surface 4 xyz  at the point 
(1, 2, 2). 

3

(b) Prove that the surface 2)( czxy �  is developable. 3

  

12.(a) Define first fundamental form. 1

(b) Show that, if T is the angle at the point ),( vu  between the two directions given by 

02 22  �� dvRdvduQduP  ;  then 
GPFQER

PRQH

��
� 

2

)(2
tan

212

T . 

5

  

 GROUP-C 

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

13. Prove that for any curve: 

(i) 0 ��º� rr  

(ii) 2N� º� rr  

(iii) NN � ���º�� rr  

(iv) NN �� �º 3vrr  

(v) )( 23 NWNNN ���� �º�� vrr  

(vi) 2232 WNNWWNNNNN ��������� �º��� vrr  

2+2+2+
2+2+2

  

14.(a) State and prove Serret-Frenet formulae. 6

(b) Find the arc-length parametrization for each of the following curves:

0,ˆsin4ˆcos4)( �� tjtittr
r

   and   3,)2,42,3()( ��� tttttr
r

 

3+3

  

15.(a) Show that the parametric curves are orthogonal on the surface

 })log{,sin,cos( 22 D�� uuavuvur  

6

(b) Find the Principal direction and Principal curvature on a point of the surface 

 uvzvubyvuax  � � ,)(,)(  
6
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16.(a) Find the involute and evolute of a circular helix. 3+3

(b) Show that the curves constant � vu  are geodesic on a surface with the metric 

 2222 )1(2)1( dvvdudvuvduu ����  

6

  

 DSE4B

THEORY OF EQUATIONS 

 GROUP-A 

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

1. Apply Descartes’ rule of signs to find the nature of the roots of the equation 

0124  ��� xxx . 

3

  

2. If D, E, J  be the roots of the equation 033 23  ��� xxx , find the value of D
1∑ . 3

  

3. Express the polynomial 228 3 �� xx  as a polynomial in 12 �x . 3
  

4. Find the remainder when 134710 ���� xxxx  is divided by 12 �x . 3
  
5. Form a cubic equation with real coefficients whose two of the roots are 1 and i��1 . 3
  
6. If D, E, J  be the roots of the equation 023  �� xx , then find the equation whose 

roots are 3,3,3 ��� JED . 

3

  

 GROUP-B 

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

7.   Find the range of values of k for which the equation 04826 24  ��� kxxx  has four 
unequal roots. 

6

  

8.   Calculate Sturm’s function and locate the position of real roots of the equation 

05224  ��� xxx . 
6

  

9.   If D, E  are the roots of the equation 0422  �� tt  and m is a positive integer, then 

prove that 
3

2cos2 1 SED mmmm � � . 

6

  

10.(a) Prove that the equation )1()1( 44 � � xax  is a reciprocal equation if 1�a  and solve 
it if 2� a . 

4

(b) If qpxx �� 33  has a factor of the form 2)( D�x , show that 04 32  � pq . 2
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11.   If 3,1 222  �� �� JEDJED  and 7333  �� JED , find the value of 
444 JED �� . 

6

  

12.(a) Solve:  035183  �� xx  4

(b) If D is an imaginary root of the equation 0111  �x , prove that 

3

12
)2(.......)2()2(

11
102 � ��� DDD . 

2

  

 GROUP-C 

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

13.(a) Solve the equation 0961812 234  ���� xxxx , given that the ratio of two roots is 
equal to the ratio of other two roots. 

6

(b) Solve by Ferrari’s method:  0254 34  ��� xxx  6

  

14.(a) If D, E, J  are the roots of the equation 023  ��� rqxpxx , find the equation whose 
roots are DEJDJDEJEJDE ��� ,, . 

6

(b) State Fundamental Theorem of classical algebra. If D is a root of the equation 

5
4

4
3

3
2

2
1

1 � 
�

�
�

�
�

�
�

x
xxxx

, prove that D  is a non-zero real number. 

2+4

  

15.(a) Find the limits of the negative roots of the equation 

 012311364130 234  ���� xxxx  

6

(b) Express the polynomial 1353 234 ���� xxxx  as a polynomial in )3( �x  and 
)2( �x . 

6

  

16.(a) Find the relation among the coefficients of the equation 0234  ���� srxqxpxx  if 

its roots D, E, J  and G  be connected by the relation GJED � � . 

6

(b) Solve:  0327273 2456  ����� xxxxx  6

 
——×—— 
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UNIVERSITY OF NORTH BENGAL 

B.Sc. Programme 6th Semester Examination, 2022  

SEC2-P2-MATHEMATICS 

Time Allotted: 2 Hours Full Marks: 60 

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 

BOOLEAN ALGEBRA AND AUTOMATA THEORY 

 GROUP-A / িবভাগ-ক / lewg-d

 Answer any four questions from the following  

িনmিলিখত েয-েকান চারিট  pেűর উtর দাও 

rydk dquS pkj iz”ug:dks mÙkj nsÅ 

3×4 = 12

1. Define an order isomorphism between two ordered sets. Give an example. 

 dিট kম েসেটর (Ordered sets) মধয্বতর্ী একিট kম isomorphism বলেত িক েবাঝ ? একিট 
উদাহরণ দাও। 

 nqbZ ordered sets e/;s dks order isomorphism dks ifjHkk’kk nsÅA mnkgj.k nsÅA 

  

2. Define a complete lattice. Give an example. 

 Complete lattice বলেত িক েবাঝ ? একিট উদাহরণ দাও।
 Complete lattice dks mnkgj.k lfgr ifjHkk’kk ys[kA 

  

3. Define a distributive lattice. Give examples of a distributive lattice and a non- 
distributive lattice. 

 Distributive lattice-এর সংjা দাও। একিট distributive lattice এবং একিট non- 
distributive lattice-এর উদাহরণ দাও। 

 Distributive lattice dks ifjHkk’kk ys[kA Distributive lattice vfu non- distributive 
lattice dks mnkgj.kg: nsÅA 
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4. Define Boolean algebra and give two examples of Boolean algebra. 

 বুিলয়ান বীজগিণেতর সংjা দাও এবং dিট বুিলয়ান বীজগিণেতর উদাহরণ দাও।
 Boolean chtxf.krdks nqbZoVk mnkgj.k lfgr ifjHkk’kk ys[kA 

  
5. Let }110,1,{},01,0{},1,0{ BA . Find AB and BA. 

 ধর }110,1,{},01,0{},1,0{ BA . তাহেল AB  এবং BA  িনণর্য় কর। 

 ekukS }110,1,{},01,0{},1,0{ BA  AB vfu BA dks eku fu.kZ; xjA 

  
6. Define DFA and NFA. 

 DFA এবং NFA-এর সংjা দাও। 
 DFA vfu NFA dks ifjHkk’kk ys[kA 

  

 GROUP-B / িবভাগ-খ / lewg-[k

 Answer any four questions from the following  

িনmিলিখত েয-েকান চারিট  pেűর উtর দাও 

rydk dquS pkj iz”ug:dks mÙkj nsÅ 

6×4 = 24

7.  (a) Define dual of an ordered set and state the duality principle. Give an example of a 
dual statement. 

3

 kম েসেটর dual বলেত িক েবাঝ ? Duality principle-িট উেlখ কর। একিট dual িববৃিতর 
উদাহরণ দাও। 

 Dual of an ordered set dks ifjHkk’kk ys[k vfu duality principle mYys[k xjA Dual 
statement dks mnkgj.k nsÅA 

(b) Prove that )),(( XP  is a bounded lattice where X is any non-empty set. 3

 X  খািল নয় এমন একিট েসেটর েkেt pমাণ কর )),(( XP  একিট Bounded lattice। 

 )),(( XP  ,mVk bounded lattice gks Hkusj izek.k xj] tgk¡ X ,mVk non empty set 
gksA 

  

8.  (a) Define a sublattice of a lattice. Give an example of a sublattice of the lattice 
mL { ℕ }30|: m . Here the order in L is defined by a≼b  iff ba | . 

3

 েকান একিট lattice-এর sublattice বলেত িক েবাঝ ?
 mL { ℕ }30|: m  lattice-িটর একিট sublattice-এর উদাহরণ দাও, েযখােন L-এ 
kমিট (order) সংjািয়ত আেছ a≼b  যিদ এবং েকবলমাt যিদ ba | । 

 Lattice dks mi lattice dks ifjHkk’kk nsÅA Lattice mL { ℕ }30|: m  dks sublattice 
dks mnkgj.k nsÅA ;gk¡ L dks order ek a≼b ;fn vfu ;fn ek= ba |  Hkusj ifjHkkf’kr 
xfj,dks NA 

(b) Prove that any chain in a lattice is a sublattice. 3

 pমাণ কর Lattice-এর েভতর েয েকান শৃðল (chain) একিট sublattice হয়। 

 Lattice dks dquS chain mi lattice gks Hkuh izek.k xjA 
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9.  (a) Prove that every sublattice of a distributive lattice is also distributive. 3

 pমাণ কর েকান একিট Distributive lattice-এর sublattice-gিল distributive  হয়। 

 Distributive lattice dks izR;sd lattice ifu distributive N Hkuh izek.k xjA 

(b) Prove that every homomorphic image of a modular lattice is also a modular 
lattice. 

3

 েদখাও েয-েকান একিট Modular lattice-এর homomorphic িবm (image)-িট একিট modular 
lattice । 

 Modular lattice dks izR;sd homomorphic image ifu modular lattice gks Hkuh izek.k 
xjA 

  

10. Let 30D  denote the set of all positive divisors of 30. Then prove that ,( 30D ≼) is a 

Boolean lattice where for any 30, Dba , a≼b  iff ba | . Here a  (complement 

of a) is defined by aa 30 . 

6

 ধর 30D , 30-এর সকল ধনাtক িবভাজয্ সংখয্ার েসট। pমাণ কর ,( 30D ≼) একিট বুিলয়ান lattice 

েযখােন a ≼ b  যিদ এবং েকবলমাt যিদ ba | , 30, Dba এছাড়াও a ( a-এর পিরপূরক) 

aa 30 । 

 HkkukS 30D , 30 dks lcS ldkjkRed foHkktd dks set gksA ,( 30D ≼) ,mVk cqyh; lattice 
gks Hkusj izek.k xj] tgk¡ dquS 30, Dba ek a ≼ b  ;fn vfu ;fn ek= ba | . ;gk¡ 

a (a dks complement) ykMZ aa 30  ys ifjHkkf’kr xNZA 

  

11. Design a DFA that accepts the following language: 

 },{{ baxL :  x begins with aa and ends with bb} 

6

 একিট DFA নkা কর যা িনmিলিখত ভাষােক gহণ কেরঃ
},{{ baxL :  x,  aa  dারা ǖr এবং bb dারা েশষ হেব}। 

 ,mVk DFA design xj tlys ry fnb,dks Hkk’kk ykbZ Lohdkj xNZ% },{{ baxL : 
x  aa ek ”kq# gqUN vfu bb ek vUr gqUN \ 

  

12.(a) Write a regular expression for the language nmbaL mn :{  is even}. 3

 nmbaL mn :{  একিট েজাড় সংখয্া} ভাষািটেক regular রািশমালা (expression) rেপ 
উেlখ কর। 

 Hkk’kk nmbaL mn :{  ,mVk le (even) la[;k gks} dks ykxh ,mVk regular 
expression ys[kA 

(b) Give English description of the language abab )( . 3

 abab )(  ভাষািটর ইংেরিজেত বণর্নািট উেlখ কর।
 Hkk’kk abab )(  ykbZ vaxzsth fooj.k nsÅA 
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 GROUP-C / িবভাগ-গ / lewg-x

 Answer any two questions from the following  

িনmিলিখত েয-েকান dিট  pেűর উtর দাও 

rydk dquS nqbZ iz”ug:dks mÙkj nsÅ 

12×2 = 24

13.(a) Convert the following DFA to regular expression:  

িনmিলিখত DFA-েক regular রািশমালায় rপাnর করঃ 

fnb,dks DFA ykMZ regular expression ek ifj.kr xjA 

 

 

 

 

 

 

 

6

(b) Prove that for any two languages 1L  and 2L , 21 LL  and 21 LL  are also 
languages. 

6

 েয-েকান dিট ভাষা 1L  এবং 2L -এর জনয্ pমাণ কর, 21 LL  এবং 21 LL  পুনরায় ভাষা হয়। 

 dquS nqbZ Hkk’kkg: 1L  and 2L ek, 21 LL  vfu 21 LL ifu Hkk’kkg: gqu~ Hkuh izek.k 
xjA 

  

14.(a) Let M be an NFA whose state diagram is given below: 

(i) Write down the transition table for this NFA. 

(ii) What are the final states? 

(iii) Find )(ML . 

6

 ধর M  একিট NFA যার অবsান নkািট (state diagram) িনেm বিণর্তঃ
(i)  NFA-এর েkেt transition table-িট উেlখ কর। 

(ii)  সবর্েশষ অবsাgিল িক িক ? 

(iii)  )(ML -এর মান িনণর্য় কর। 

 HkkukS M ,mVk NFA Hk,] tldks fp=.k ry fnb,dks N 

(i) ;l NFA dks ykxh transition table ys[kA 

(ii) vfUre states ds ds gqu~ \ 

(iii)  )(ML [kkstA 

  

 

 

 

 

 

P  S R

Q

0 0
1

1

1

1 

0 0

q0  
a 

q1 q2 q3

q4 

b a

a, b 
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(b) Draw the truth table for the Boolean expression 321 xxx  and then reduce it to 
its DNF. 

3+3

 321 xxx  বুিলয়ান রািশমালায় Truth table িট অìন কর এবং েসিটেক কিমেয় DNF আকাের 
েলখ। 

 cqyh; expression 321 xxx  dh Truth table fp=.k xj vfu ;lykbZ DNF ek 
ifj.kr xjA 

  

15.(a) Suppose a Boolean term in 3-variable is given by: )7,6,3(mf ∑ . Minimize  f  
using Karnaugh map. 

6

 ধর 3 িট চলরািশসহ েকান একিট বুিলয়ান পদ )7,6,3(mf ∑  dারা সংjািয়ত। Karnaugh 
নকশা (map) বয্বহার কের  f -েক েছাট আকাের pকাশ কর। 

 HkkukS ,mVk cqyh; term 3-variables ek ;ljh fnb,dks N% )7,6,3(mf ∑ . 
Karnaugh map iz;ksx xjh ;lykbZ ?kVkmA 

(b) Draw the switching circuit which realizes the Boolean expression 
)( zyzyxzxy . 

3

 )( zyzyxzxy  বুিলয়ান রািশমালািটর উপযুk সুইিচং বতর্নী (Switching circuit)-িট অìন 
কর। 

 cqyh; expression )( zyzyxzxy lax feyrs ,mVk switching circuit fp=.k xjA 

(c) Find the Boolean expression that represents the circuit shown below: 

িনmিলিখত বতর্নীিটেক pকাশ কের এমন বুিলয়ান রািশমালািট িনণর্য় করঃ 

fnb,dks circuit ykbZ represent xusZ cqyh; expression [kkst~ xjA 

 

 

 

 

 

 

 

 

3

  

16.(a) Suppose a room has three entrances and at each entrance there is a switch to 
independently control the light in the room in such a way that flicking any one of 
the switches changes the state of the light (on to off and off to on). Design a 
switching circuit to accomplish this. 

6

 ধর েকান একিট কেk িতনিট pেবশপথ আেছ এবং pিতিট pেবশপেথ rেমর আেলােক sাধীনভােব 
িনয়ntণ কের এমন একিট কের সুইচ আেছ, যােদর েকান একিটেক িkক করেল আেলার অবsা পিরবতর্ন 
হয় (চাল ুেথেক বn এবং বn েথেক চালু) এিট সmn করার জনয্ একিট সুইিচং সািকর্ট িডজাইন কর। 

 HkkukS ,mVk dksBkdks 3 oVk izos”k }kj N vfu izR;sd }kjek ,mVk switch N tlys 
LorU= :iek dksBkdks cÙkhykbZ fu;U=.k xNZA ;Lrks rfjdkys tlek dquS ,mVk switch 
nckm¡nk] R;gk¡dks cÙkhdks voLFkk ifjorZu xNZ (on nsf[k off vfu off nsf[k on) ;l 
voLFkkdks vuq:i ,mVk switching circuit design xjA 

x y

z

u′ 

z

x′

y
u
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(b) Prove that a lattice is non-modular iff it contains a sublattice isomorphic to N5. 
(N5 is the pentagon). 

6

 pমাণ কর একিট lattice, non-modular হেব যিদ এবং েকবলমাt যিদ lattice-িটেত একিট 
sublattice থাকেব যা N5-এর সােথ isomorphic। (N5 হল পĀɏজ)। 

 ,mVk lattice, non-modular gks ;fn vfu ;fn ek= ;lys sublattice, N5 lax 
isomorphic Hk,dks lekos”k xNZ Hkuh izek.k xjA (N5 ,mVk isUVkxu gks). 

  

 SEC4B 

GRAPH THEORY 

 GROUP-A / িবভাগ-ক / lewg-d

 Answer any four questions from the following  

িনmিলিখত েয-েকান চারিট  pেűর উtর দাও 

rydk dquS pkj iz”ug:dks mÙkj nsÅ 

3×4 = 12

1. Define complete graph and complete bipartite graph with examples. 3

 উদাহরণসহ সmূণর্ gাফ (Complete graph) এবং সmূণর্ িdপkীয় gাফ (Complete bipartite 
graph) সংjািয়ত কর। 

 Complete graph vfu Complete bipartite graph dks mnkgj.k lfgr ifjHkk’kk nsÅA 

  

2. Examine the following statement is true or false: 

“There exists a simple graph on 10 vertices and with 20 edges and 5 
components.” 

3

 নীেচর িববৃিতিট সতয্ না িমথয্া পরীkা করঃ ‘‘10 িট শাষর্িবnু, 20 িট বাh এবং 5 িট উপাংশ যুk 
(component) একিট সাধারণ gাফ-এর অিst আেছ।’’ 

 ry fnb,dks dFku lR; gks gksbu tk¡p xjA 20 edge laxS 10 vertices vfu 5 oVk 
component Hk,dks lk/kkj.k graph gkeh ikm¡NA 

  

3. Prove that every tree is a bipartite graph. 3

 pমাণ কর েয pিতিট ি¹ (Tree) িdপkীয় gাফ (Bipartite Graph) হেব। 

 izR;sd tree ,mVk bipartite graph gks Hkuh izek.k xjA 

  

4. Does there exist a simple graph with five vertices having degrees 2, 2, 4, 4, 4? 
— Justify. 

3

 2, 2, 4, 4, 4 িডgী (degree) িবিশŶ 5 িট শীষর্িবnুসহ একিট সাধারণ gাফ (Simple Graph)-এর 
অিst আেছ িক ? 

 2, 2, 4, 4, 4 degrees Hk,dks 5 vertices okyk lk/kkj.k graph gkeh ikm¡NkS \ U;k;ksfpr 
xjA 

  

5. Prove that, a connected graph G with 2n  vertices is a tree iff the sum of the 
degrees of the vertices is )1(2 n . 

3
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 pমাণ কর েয n - শীষর্িবnুসহ একিট সংযুk gাফ (Connected Graph) G একিট ি¹ (Tree) হেব 
যিদ এবং েকবল যিদ (if and only if) শীষর্িবnুgিলর িডgীর সমিŶ হল )1(2 n । 

 2n  vertices Hk,dks ,mVk connected graph, tree gks ;fn vfu ;fn ek= vertices 
dks degree g:dks ;ksxQy )1(2 n  gks Hkuh izek.k xjA 

  

6. State the following graph is bipartite or not. Justify your answer. 

নীেচর gাফিট িdপkীয় নািক নয় ? েতামার মত যাচাই কর। 
ry fnb,dks graph bipartite gks gksbu U;k;ksfpr xjA 

 

 

   

 

3

  

 GROUP-B / িবভাগ-খ / lewg-[k

 Answer any four questions from the following  

িনmিলিখত েয-েকান চারিট  pেűর উtর দাও 

rydk dquS pkj iz”ug:dks mÙkj nsÅ  

6×4 = 24

7.  (a) Define Hamiltonian cycle and also show that the following graph is a 
Hamiltonian graph. 

‘Hamiltonian cycle’-এর সংjা দাও এবং এছাড়া েদখাও েয িনmিলিখত gাফ িট একিট 
‘Hamiltonian graph’ হেc। 

Hamiltonian cycle dks ifjHkk’kk ys[k vfu fnb,dks graph Hamiltonian graph gks 
Hkuh izek.k xjA 

 

 

 

 

  

3

  

(b) Let G be a simple connected graph with 10 vertices and 9 edges. Does G contain 
a vertex of degree 1? Justify your answer. 

3

 ধরা যাক G হল 10 িট শীষর্িবn ুএবং 9 িট বাh িবিশŶ এর সরল সংযুk gাফ। gাফ G-েত িক এক িডgী 
িবিশŶ একিট শীষর্িবnু রেয়েছ ? েতামার মত যাচাই কর। 

 HkkukS G, 10 vertices vfu 9 edges Hk,dks ,mVk lk/kkj.k connected graph gks@ds G 
ys 1 degree Hk,dks vertex lekos”k xNZ \ U;k;ksfpr xjA 

  

8.   Prove that a graph is bipartite if and only if it does not contain any cycle of odd 
length. 

6

 pমাণ কর েয একিট gাফ িdপkীয় gাফ (bipartite) হেব যিদ এবং ǖধুমাt যিদ (if and only if) 
এেত িবেজাড় �দেঘর্য্র েকােনা চk (cycle) না থােক। 

v1 
e1 

e2 
e3 

e4 
e5

e6

e7 

e8

v2 

v3

v4v5 

v6 

V1 

V2 
V3 

e1 

e2 

e3 
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 ,mVk graph bipartite gks ;fn vfu ;fn ek= ;lys odd yEckb Hk,dks cycle lekos”k 
xNZ Hkuh izek.k xjA 

  

9.  (a) Show that a connected graph with one or two vertices each of which has even 
degree, has an Euler circuit. 

3

 েদখাও েয এক বা dিট শীষর্িবnুসহ একিট সংযুk gাফ (Connected Graph) যার pিতিট শীষর্িবn-ু
এর েজাড় িডgী (even degree) রেয়েছ, েসখােন একিট ‘Euler circuit’ থাকেব। 

 ,mVk connected graph ek even degree Hk,dks ,d vFkok nqbZ f”k’kZg: (vertices) N 
Hkus ;lek Euler circuit ifu N Hkusj izek.k xjA 

(b) What is the number of edges in 2, nkn ? How many vertices are there in a 
graph with 20 edges if each vertex is of degree 4? 

3

 ‘ nk ’-এর েমাট বাh সংখয্া িনণর্য় কর েযখােন 2n । একিট gাফ েযখােন 20 িট বাh রেয়েছ এবং 

pিতিট শীষর্িবnু-এর িডgী (degree) 4 হেল, এই gাফ-এর শীষর্িবnু িনণর্য় কর। 

 2, nkn  ek dfroVk fdukjkg: (edges) N \ 20 fdukjkg: Hk,dks ,mVk graph ek 
izR;sd f”k’kZg:dks degree 4 Hk,] dfr oVk f”k’kZg: Nu~ \ 

  

10.(a) Give an example of a graph which is Eulerian but not Hamiltonian. 2

 একিট gােফর উদাহরণ দাও েযটা ‘Eulerian’ হেব িকnt ‘Hamiltonian’ হেব না। 

 ,mVk graph dks mnkgj.k nsÅ tks Eulerian gks rj Hamiltonian gksbuA 

(b) Give an example of a graph which is Hamiltonian but not Eulerian. 2

 একিট gােফর উদাহরণ দাও েযটা ‘Hamiltonian’ হেব িকnt ‘Eulerian’ হেব না। 

 ,mVk graph dks mnkgj.k nsÅ tks Hamiltonian gks rj Eulerian gksbuA 

(c) Give an example of closed walk of even length. 2

 একিট েজাড় �দেঘর্য্র বd হাঁটার (Closed Walk) উদাহরণ দাও।
 Even yEckb Hk,dks ,mVk closed walk dks mnkgj.k nsÅA 
  

11.(a) Define isomorphism of graphs. 2

 gােফর ‘isomorphism’-এর সংjা দাও। 

 Graph g:dks isomorphism dks ifjHkk’kk nsÅA 

(b) Prove that the two graphs are isomorphic. 

pমাণ কর েয dিট gাফই ‘isomorphic’ হেব। 
nqbZ graph g: isomorphic N Hkuh izek.k xjA 
 

 

 
 

 

4

  

12. A graph G with n vertices, )1(n  edges and no circuits is connected. 6

 n শীষর্িবnু এবং )1(n  বাh িবিশŶ একিট gাফ-এর যিদ েকান ‘Circuit’ না থােক, তাহেল gাফিট 
একিট সংযুk gাফ (Connected Graph) হেব। 

● 
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 n f”k’kZg: Hk,dks )1(n fdukjkg: Hk,dks vfu circuits uHk,dks graph G connected 
NA 

  

 GROUP-C / িবভাগ-গ / lewg-x

 Answer any two questions from the following  

িনmিলিখত েয-েকান dিট  pেűর উtর দাও 

rydk dquS nqbZ iz”ug:dk mÙkj nsÅ 

12×2 = 24

13.(a) Prove that a simple graph with n-vertices and k-components can have almost 

2

)1()( knkn
 edges. 

6

 pমাণ কর েয n  শীষর্িবnু এর k  উপাংশসহ (Components) একিট সাধারণ gােফর সবেচেয় েবিশ 

2

)1()( knkn
  সংখয্া বাh থাকেত পাের। 

 n f”k’kZg: vfu k-componentg: Hk,dks ,mVk lk/kkj.k graph dks yxHkx 

2

)1()( knkn
 fdukjkg: gqUN Hkuh izek.k xjA 

(b) In a Binary tree T on n-vertices, then show that number of pendant vertices is 

2
1n . Is it possible to draw a tree with 5 vertices having a degree 1, 1, 2, 2, 4. 

6

 েদখাও েয n  শীষর্িবnুযুk একিট ‘Binary Tree’ T-েত 
2

1n  সংখয্ক ‘Pendant’ শীষর্িবn ুথােক। 

5 িট শীষর্িবnুযুk একিট ‘Tree’ আঁকা সmব িক েযখােন শীষর্িবnুgিলর িডgী (degree) হেব 1, 1, 2, 
2, 4। 

 
n-f”k’kZg: Hk,dks Binary tree T NA LorU= f”k’kZg:dks la[;k 

2
1n  N Hkuh izek.k xjA 

Degree  1, 1, 2, 2, 4  Hk,dks 5 f”k’kZg: Hk,dks tree fp=.k xuZ lDN \ 

  
14.(a) Prove that every connected graph has at least one spanning tree. 6

 pমাণ কর েয pিতিট সংযkু gাফ (Connected Graph)-এ কমপেk একিট ‘Spanning Tree’ 
রেয়েছ। 

 izR;sd connected graph dks de ls de ,mVk spanning tree N Hkuh izek.k xjA 

(b) Find the minimal spanning tree in the following graph: 
িনmিলিখত gােফ একিট ‘Minimal Spanning Tree’ খঁুজুনঃ 
ry fnb,dks graph ckV minimal spanning tree [kkst xjA 
 

 

 
 
 

6

  

15.(a) Prove that a graph G is a forest if and only if 0kne , where e = number of 
edges, n = number of vertices of G, and k = number of component of G. 

6

e1 e2 

e3 
e4 

e5

e12

e6 e7 
e8

e9

e10

e11

v1 

v2 v3 

v4 v5

v6

v7
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 pমাণ কর েয একিট gাফ একিট ‘Forest’ হেব যিদ এবং ǖধুমাt যিদ 0kne  হয়, েযখােন 
e = বাhর সংখয্া, n = শীষর্িবnুর সংখয্া এবং k = G -এর উপাংশ-এর সংখয্া (Component)। 

 ,mVk graph G forest gks ;fn vfu ;fn ek= 0kne , tgk¡ e =fdukjkg:dks 
la[;k] n = f”k’kZg:dks la[;k G oks k = G dks component g:dks la[;kA 

(b) Suppose G is a self complementary graph on n vertices. Prove that there is k ℤ+ 
such that kn 4  or 14kn . 

6

 ধরা যাক G  হল n  শীষর্িবnুযুk একিট ‘Self Complementary’ gাফ। pমাণ কর েয kn 4  বা 
14kn  হেব, েযখােন k  হল একিট sাভািবক সংখয্া। 

 HkkukS G ,mVk n f”k’kZg: Hk,dks self complementary graph gksA izek.k xj R;gk¡ 
k ℤ+ N tlek kn 4  vFkok 14kn A 

  
16.(a) Define adjacency matrix of a graph. Find the adjacency matrix of the following 

graph: 

‘Adjacency matrix’ -এর সংjা দাও। িনmিলিখত gােফর ‘Adjacency matrix’ খঁুজুনঃ 

Graph dks Adjacency matrix dks ifjHkk’kk ys[kA fnb,dks graph dks adjacency 
matrix [kkst xjA 

 

 

 

 
 

6

(b) In the following graph: 

িনmিলিখত gােফঃ 
ry fnb,dks graph ek 

 

 

 

 

 

 

Find: (i) A walk of length 5 from v5 to v5. 

 (ii) A trail of length 9 from v7 to v1. 

 (iii) A circuit of length 7 from v1 to v1. 

6

 খঁুজুনঃ  (i)  v5 েথেক v5 পযর্n 5 �দেঘর্য্র একিট ‘Walk’। 

 (ii)  v7 েথেক v1 পযর্n 9 �দেঘর্য্র একিট ‘Trail’। 

 (iii)  v1 েথেক v1 পযর্n 7 �দেঘর্য্র একিট ‘Circuit’। 

 [kkst% (i) v5 nsf[k v5 lEedks 5 yEckb Hk,dks ,mVk walk [kkstA 

 (ii) v7 nsf[k v1 lEedks 9 yEckb Hk,dks ,mVk Trail [kkstA 

 (iii) v1 nsf[k v1 lEedks 7 yEckb Hk,dks ,mVk circuit [kkstA 
 ——×—— 
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v7 
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