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UNIVERSITY OF NORTH BENGAL 

B.Sc. Programme 6th Semester Examination, 2023 

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 

METRIC SPACES AND COMPLEX ANALYSIS 

 

 GROUP-A /  / समूह-क  

1. Answer any four questions: 

 

कुनै चार ÿĳको उ°र िदनहुोस् : 

3× 4 = 12 

(a) Prove that zzf )(  is not differentiable at 0z . 3 

 zzf )( , 0z  differentiable)   

 0z  मा zzf )(  िवभेदयोµय differentiable)  छैन भिन ÿमाण गनुªहोस् ।  

(b) Evaluate 



i

dzixyx
1

0

2)(  along the straight line from 0z  to iz 1 .  3 

 




i

dzixyx
1

0

2 )( , 0z  iz 1   
 

 
0z  दिेख iz 1  सÌम सीधा रखेामा 




i

dzixyx
1

0

2)(  लाइ मूÐयाङ्कन गनुªहोस् । 
 

(c) Prove that 
9
1)( 3

3




z
zzf  is continuous in the region 2|| z . 3 

 

9
1)( 3

3




z
zzf  2|| z  

 

 
2|| z  ±ेýमा

9
1)( 3

3




z
zzf िनरÆतर छ भिन ÿमाण गनुªहोस् । 
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(d) Prove that  
C

idz
az

dz 2 , where C is positively oriented contour Raz  || . 3 

 
 
C

idz
az

dz 2  C positively oriented contour Raz  || . 
 

 
ÿमाण गनुªहोस्  

C

idz
az

dz 2 , जहा ँC सकाराÂमक उÆमखु समो¸च (contour) Raz  ||  

हòन् । 

 

(e) If nI  represent the open interval 




 nn

1,1  for ...,3,2,1n ; then find 


1n
nI . 3 

 
3,2,1n nI , 





 nn

1,1 


1n
nI   

 

 
यिद ...,3,2,1n  को लािग nI  ले खुला अÆतराल 





 nn

1,1
 ÿितिनिधÂव गछª  भने 



1n
nI  प°ा 

लगाउनहुोस् । 

 

(f) Let ),( dX  be any metric space. Show that the function 1d  defined by 

  
),(1

),(
),(1 yxd

yxd
yxd


 , Xyx  ,  

is a metric on X. 

3 

 ),( dX  metric space  

),(1
),(

),(1 yxd
yxd

yxd


 , Xyx  ,

1d X metric

 

 
),( dX  कुनै पिन मिेůक Öपेस हòन् । दखेाउनहुोस िक 

),(1
),(

),(1 yxd
yxd

yxd


 , Xyx  ,  Ĭारा 

पåरभािषत ÿकायª (function) 1d , X  मा एक मिेůक हòन् । 

 

   

 GROUP-B /  / समूह-ख  

 Answer any four questions 

 

कुनै चार ÿĳको उ°र िदनहुोस् 

6×4 = 24 

2.  (a) Show that )(log
2
1),( 22 yxyxu   is harmonic. 3 

 )(log
2
1),( 22 yxyxu   harmonic   

 )(log
2
1),( 22 yxyxu   हामōिनक छ भनेर दखेाउनहुोस् ।  

(b) Evaluate 
21

0
)(coslim z

z
z


 3 

 21
0

)(coslim z
z

z


  

 मÐूयाङ्कन गनुªहोस् 
21

0
)(coslim z

z
z


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3.   Find Taylor series expansion of 

  
)2()1(

1
2  zz

 in 1|| z . 

6 

 1|| z
)2()1(

1
2  zz

Taylor   

 1|| z  मा 
)2()1(

1
2  zz

 को Taylor ®ृंखला िवÖतार प°ा लगाउनहुोस् ।  

   

4.  (a) If )(zf  is analytic with |)(| zf  constant, prove that )(zf  is constant. 4 

 |)(| zf  )(zf  analytic )(zf   

 यिद )(zf  िवĴेषणाÂमक साथै |)(| zf  constant छ भने ÿमाण गनुªहोस् िक )(zf  िÖथर छ ।  

(b) Find the singularities of 
z

z
zf sin)(  . 2 

 
z

z
zf sin)(  singularity  

 

 
z

z
zf sin)(  को एकलता (singularities) प°ा लगाउनहुोस् । 

 

   

5. Evaluate   

6

0
6 1x
dx  6 

 
 

6

0
6 1x
dx  

 

 
मÐूयाङ्कन गनुªहोस्   

6

0
6 1x
dx  

 

   
6. Let ),( dX  be a complete metric space and Y be a subspace of X. Then prove that 

Y is complete if and only if it is closed in ),( dX . 
6 

 ),( dX metric space Y X subspace) Y

),( dX -  

 

 ),( dX  एक पूणª मेिůक Öपेस अिन Y, X को एक सब Öपेस हòन् । ÿमािणत गनुªहोस् िक Y पूणª छ यिद 
यो ),( dX  मा closed छ भने माý । 

 

   
7.   Let X be the set of all continuous real-valued functions defined on [0, 1] and let 

 
1

0

|)()(|),( dttytxyxd , Xyx , . Show that ),( dX  is not complete. 

6 

 X [0, 1]

 
1

0

|)()(|),( dttytxyxd , Xyx ,  ),( dX   

 

 [0, 1] मा पåरभािषत सब ै िनरÆतर वाÖतिवक (real) मÐूयवान ÿकायªहłको सेट X हòन् अिन  

 
1

0

|)()(|),( dttytxyxd , Xyx , । ),( dX  पूणª छैन भिन दखेाउनहुोस् । 
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GROUP-C /  / समूह-ग  

 Answer any two questions  

 

कुनै दईु ÿĳको उ°र िदनहुोस् 

12×2 = 24 

8.  (a) Show that the function ||)( xyzf  , iyxz   is not analytic at origin, 

although Cauchy-Riemann equations are satisfied at that point. 

6 

 ||)( xyzf  , iyxz   analytic

Cauchy-Riemann  

 

 दखेाउनहुोस् िक ÿकायª ||)( xyzf  , iyxz   मूल (origin) मा िवĴेषणाÂमक छैन भिन 
यīिप Cauchy-Riemann समीकरणहł Âयस िबÆदमुा सÆतुĶ छन् । 

 

(b) If 23 3xyxu  , show that there exists a function ),( yxv  such that ivuw  is 
analytic in a finite region.  

6 

 23 3xyxu   ),( yxv  ivuw 
analytic  

 

 यिद 23 3xyxu   भए, दखेाउनहुोस् िक Âयहा ँएउटा ÿकायª ),( yxv  छ जसले ivuw   एक 
सीिमत ±ेýमा िवĴेषणाÂमक हòÆछ । 

 

   

9.  (a) State and prove Cauchy’s integral formula for a simply connected domain. 6 

 simply connected domain- Cauchy integral 
 

 

 एक साधारण जडान (connected) डोमेन को लागी Cauchy’s integral formula ले´नहुोस् अिन 
ÿमाण गनुªहोस् । 

 

(b) Verify whether Cauchy-Riemann equations are satisfied for  

  













)0,0(),(if,0

)0,0(),(if,),( 22

33

yx

yx
yx
yx

yxu  

and 

  













)0,0(),(if,0

)0,0(),(if,),( 22

33

yx

yx
yx
yx

yxv  

6 

 Cauchy-Riemann














)0,0(),(if,0

)0,0(),(if,),( 22

33

yx

yx
yx
yx

yxu

  













)0,0(),(if,0

)0,0(),(if,),( 22

33

yx

yx
yx
yx

yxv  
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












)0,0(),(if,0

)0,0(),(if,),( 22

33

yx

yx
yx
yx

yxu  

अिन 

  













)0,0(),(if,0

)0,0(),(if,),( 22

33

yx

yx
yx
yx

yxv  

को लागी Cauchy-Riemann समीकरणहł सÆतुĶ छन् वा छैनन् जाचँ गनुªहोस् । 

 

   

10.(a) Evaluate  C

z
dz

z
e

4

2

)1(
, where C is the circle 3|| z . 3 

 
 C

z
dz

z
e

4

2

)1(
, C 3|| z . 

 

 
मÐूयाङ्कन गनुªहोस्  C

z
dz

z
e

4

2

)1(
 जहा ँC सकª ल 3|| z  हो । 

 

(b) State and prove the Liouville’s theorem. 5 

 Liouville  

 Liouville’s theorem ले´नहुोस् अिन ÿमाण गनुªहोस् ।  

(c) Prove that every polynomial function 0...)( 2
210  n

n zazazaazP , where 

the degree 1n  and 0na , has exactly n roots. 

4 

 0...)( 2
210  n

n zazazaazP 1n

0na n  

 

 ÿÂयेक बहòपद ÿकायª 0...)( 2
210  n

n zazazaazP  जहा ँdegree 1  अिन 0na , 
को ठ्या³कै n जराहł (roots) हòÆछन् भिन ÿमाण गनुªहोस् । 

 

   
11.(a) If A and B are two non-empty subsets of a metric space, prove that  

(i) BABA        (ii) BABA   

3+3 

 metric space A B

(i) BABA        (ii) BABA 

 

 यिद A अिन B मेिůक Öपेसको दईु गैर-åरĉ सबसेट हł भए ÿमाण गनुªहोस् – 
(i) BABA        (ii) BABA   

 

(b) Show that every set in a discrete space ),( dX is open. 3 

 discrete space ),( dX   

 Discrete space ),( dX  मा ÿÂयेक सटे खुला (open) छ भिन दखेाउनहुोस् ।  

(c) If A and B are any two non-empty subsets of a metric space ),( dX  then prove 
that ),()()()( BAdBdAdBAd  . 

3 

 ),( dX  metric space- A B

   ),()()()( BAdBdAdBAd  . 

 

 यिद A अिन B मेिůक Öपेस ),( dX  को दईु गैर-åरĉ सबसटेहł भए, ÿमाण गनुªहोस् िक  
   ),()()()( BAdBdAdBAd   
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 DSE-2B 

LINEAR PROGRAMMING 

 

 GROUP-A /  / समूह-क  

1. Answer any four questions from the following:  

 

तलका कुनै चार ÿĳको उ°र िदनहुोस ्: 

3×4 = 12 

(a) Find the dual of the following primal problem: 
Primal problem- dual

िनÌन Primal समÖयाको dual प°ा लगाउनहुोस् 
 Minimize 21 23 xxz   

 Subject to  12 21  xx  

  43 21  xx , 0, 21 xx  

3 

(b) Solve the following game whose pay-off matrix is given by  

तलको game समाधान गनुªहोस ्जसको भĉुानी Ìयािů³स Ĭारा िदइएको छ 

 B1 B2 

A1 3 7 

A2 –3 9 
 

3 

(c) Solve the following problem graphically: 
Graphically
िनÌन समÖया úािफक łपमा समाधान गनुªहोस् 
 Maximize 21 xxz   

 Subject to 22 21  xx   

  13 21  xx  

      0, 21 xx . 

3 

(d) Prove that in 2E , the set 2||:),{(  xyxX , 1|| y } is a convex set. 3 
 2E 2||:),{(  xyxX , 1|| y }  

 ÿमािणत गनुªहोस् िक 2E मा सेट 2||:),{(  xyxX , 1|| y } उ°ल सेट हो ।  

(e) Find the extreme points (if any) of the following convex set: 

   }25:),({ 22  yxyxS  

3 

 extreme points 

   }25:),({ 22  yxyxS  

 

 िनÌन उ°ल (convex) सेट }25:),({ 22  yxyxS  को चरम िबÆदहुł फेला पानुªहोस् (यिद 
कुनै छ भन)े । 

 

(f) Show that the following three vectors are linearly dependent: 
  (1, –2, 3, 4), (–2, 4, –1, –3) and (–1, 2, 7, 6). 

3 

 

  (1, –2, 3, 4), (–2, 4, –1, –3)  (–1, 2, 7, 6). 

 

 दखेाउनहुोस् िक िनÌन तीन भ³ेटरहł रिैखक łपमा िनभªर छन ्
  (1, –2, 3, 4), (–2, 4, –1, –3)  अिन (–1, 2, 7, 6). 
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 GROUP-B /  / समूह-ख  

 Answer any four questions from the following  

 

कुनै चार ÿĳहłको उ°र िदनहुोस् 

6×4 = 24 

2.   Use simplex method to solve the LPP  

Simplex Method LPP-

िनÌन LPP समाधान गनª simplex िविध ÿयोग गनुªहोस् ।

 Max 21 23 xxz   

 Subject to 421  xx  

  221  xx  

    0, 21 xx . 

6 

   

3. Use Big-M method to solve 

Big-M method-

Big-M िविध ÿयोग गरेर समाधान गनुªहोस् । 

 Max  321 3xxxz   

 Subject to 2021  xx  

   531  xx  

   1031  xx  

   0,, 321 xxx  

6 

   

4.   Find an initial basic feasible solution of the following transportation problem. 

Transportation problem-

िनÌन transportation समÖयाको ÿारिÌभक आधारभूत सÌभाÓय (BFS) समाधान खोºनहुोस् ।

 1D  2D  3D  4D   

1O  9 8 5 7 12 

2O  4 6 8 7 14 

3O  5 8 9 5 16 

 8 18 13 3  
 

6 

   

5.   Find out optimal assignment cost from the following cost matrix 
optimal assignment cost 

िनÌन लागत Ìयािů³स बाट इĶतम असाइनमÆेट लागत प°ा लगाउनहुोस् । 

 I II III IV 

A 9 6 6 5 

B 8 7 5 6 

C 8 6 5 7 

D 9 9 8 8 
 

6 
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6. Draw graphically the feasible space if any, given by the following LPP and find 
out the extreme points of the feasible region. 

LPP- feasible space feasible 
region-

िनÌन LPP का úािफक łपमा सÌभाÓय (feasible) ठाउ ँकोनुªहोस्, यिद कुनै भए अिन सÌभाÓय ±ेý 
को चरम िवÆदहुł प°ा लगाउनहुोस् । 

 Minimize 213 xxz   

 Subject to 221  xx  

  632 21  xx  

     0, 21 xx  

6 

   
7. Two linear simultaneous equations with four variables are given below 

   68324 4321  xxxx  

   86453 4321  xxxx  

(i) How many basic solutions are there? 

(ii) Find all of them. 

1+5 

 (simultaneous)
   68324 4321  xxxx  

   86453 4321  xxxx

(i) 
(ii) 

 

 चार चर मा दईु रिैखक simultaneous समीकरण तल िदइएको छ । 
   68324 4321  xxxx  

   86453 4321  xxxx  
(i) आधारभूत समाधानहł कित छन् ? 
(ii) ती सबै फेला पानुªहोस् । 

 

   

 GROUP-C /  / समूह-ग  

 Answer any two questions from the following  

 

तलका कुन ैदईु ÿĳको उ°र िदनहुोस् 

12×2 = 24 

8.  (a) Solve the following LPP 
 Minimize 213 xxz   

 Subject to 142 21  xx  

  421  xx  

        0, 21 xx  
by solving its dual problem.  

6 

 Dual problem LPP
 Minimize 213 xxz   

 Subject to 142 21  xx  

  421  xx  

         0, 21 xx  
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 िनÌन LPP समाधान गनुªहोस् 
 Minimize 213 xxz   

 Subject to 142 21  xx  

  421  xx  

       0, 21 xx  

यसको dual समÖया समाधान गरेर । 

 

(b) Solve the following LPP by Two Phase method: 

Two Phase Method LPP

दईु चरण िविध (Two phase method) Ĭारा िनÌन LPP समाधान गनुªहोस् 

 Maximize  213 xxz   

 Subject to 22 21  xx  

  23 21  xx  

        42 x  

           0, 21 xx   

6 

   

9.  (a) Solve the following 2 × 2 game by using mixed strategies: 

Mixed strategies 2 × 2 

िमि®त रणनीित (Mixed strategies) हł ÿयोग गरेर िनÌन 2 × 2 game समाधान गनुªहोस् 

1 3 

4 2 
 

6 

(b) Obtain an optimal basic feasible solution to the following transportation problem: 

Transportation problem

िनÌन Transportation समÖयाको एक इĶतम आधारभूत सÌभाÓय समाधान ÿाĮ गनुªहोस् । 

 1W  2W  3W  4W   

1F  19 30 50 10 7 

2F  70 30 40 60 9 

3F  40 8 70 20 18 

 5 8 7 14  
 

6 

   

10.(a) Find the optimal assignment profit from the following profit matrix. 

िनÌन लाभ Ìयािů³सबाट इĶतम असाइनमÆेट लाभ प°ा लगाउनहुोस् । 

 1D  2D  3D  4D  5D  

1O  2 4 3 5 4 

2O  7 4 6 8 4 

3O  2 9 8 10 4 

4O  8 6 12 7 4 

5O  2 8 5 8 8 
 

6 
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(b) Solve 2×4 game graphically. 

2×4 

िनÌन 2×4 game úािफक łपमा समाधान गनुªहोस् : 

   B   

  1B  2B  3B  4B  

A  
1A  2 2 3 –1 

2A  4 3 2 6 
 

6 

   

11. Use Penalty method to solve the LPP. 

Penalty Method LPP  

Penalty िविध ÿयोग गररे िनÌन LPP समाधान गनुªहोस् : 

 Minimize 214 xxz   

 Subject to 33 21  xx  

  634 21  xx  

  42 21  xx  

         0, 21 xx  

12 

 ——×——  
 


