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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 / {@l9-3 / A e-%
Answer any four questions from the following 3x4=12
Faferiee - 5176 etss Tea wie
TADT Bl IR UTIEwD] IR a9

1. Prove that, the set defined by X = {x:|x| < 2} is a convex set. 3
2O 9, G0 X = {x: | x| < 2} 90 T&el (3D |
X ={x:|x| <2} o uR9INNT set TSI convex set & 9l JHIT X |

2. Use dominance to reduce the pay-off matrix and solve the game with the following 3
pay-off matrix:

Tfite™ (Dominance) 7@ IR I [HleTRe (ol-orp/7fedy WitweE [
(reduce) 39 @R fsleiis sy G (Pay off matrix) RFE &1 (Game)-&

AL e
f&ST®! pay-off matrix &$ dominance UIRT TR ECR TABGI A (game)
NTHEIT X |
B, B, B;
A | 6 8 6
A | 4 |12 ] 2
3. Find the dual of the following L.P.P.: 3

f&su®! L.P.P. 91 dual Aol TR |
Minimize Z =—6x; —8x, +10x;
Subjectto,  x;+x, —x;=2
2x —xy 21

X, Xy, X320
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fersferie @@, (91,191, (L.P.P.)-99 Dual (3 %4 -

& (Minimize) Z =—6x, —8x, +10x;
-9 ACICF (Subject to), XX, — X3 22

X, Xy, X320

Solve the following problem graphically:
fegua! THRITE UMb SUHT FHARIM TR |

Minimize Z =3x,+x,
Subject to,  2x; +3x, =2
X +x, 21
X, X, 20
CTbCae AR fraieiie 7= e 4
s (Minimize) Z =3x,+x,
-9 ACICF (Subject to),  2x, +3x, 22

X +x, 21

X, X, 20

Find the extreme points, if any, of the set X ={(x, y) :|x|< 2, |y|<1}.

@0 X ={(x, y):|x|<2, |y| <1} -93 @ 539 RYTR (extreme points) AT ©f
(SIS

AT B 9, set X ={(x, y):|x|<2, |y|<]} B TRA g Foig )|

Write down the following L.P.P. in standard form:
Standard form #T fGgU®T L.P.P. A8 oI
Minimize Z=x—2x,—3x,
Subjectto,  —2x,+x, +3x;=2
2x, +3x, +4x; =1
X, Xy, X320
fersferie @@y, (71,191, (L.P.P.)-(& @il S1%1ca (Standard form) i s
&S (Minimize) Z =x,—2x, —3x,
-9 ACICF, (Subject to), —2x; +x, +3x; =2
2x, +3x, +4x; =1

X, Xy, X320
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GROUP-B / Rei-4 / w1
Answer any four questions from the following

feferiie - 51Ffe etae Tes wie
TADT Bl IR UTTE0D! IR 7%

Show that x, =5, x, =0, x; =—1 is a basic solution of the system of equations

X +2x, +x;=4

2x, +x, +5x; =5
Find the other basic solutions (if any).
@qe @, X, =5 x,=0, x=—1 @9 BGBT  x +2x, +x; =4,
2x, +x, +5x; =5-97 (e AN (Basic solution)! &+ (e I (Basic
solution) AP Ol ([ 1
X =5, x, =0, x; =—1 ARBOEHDBT YU x, +2x, +x3 =4,2x, +X, +5x; =5

BT basic THRIE B 991 YHIOT TR | I © 99 J® basic AHEIFs® U« Aol
TR |

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

f&sga! L.P.P. 91 Af¢ ™ 319 (Feasible space) © 9= UTfthdh R/UAT AT TR
A T & F B ARA f[dgew ul @] R |

Maximize Z =2x; +5x,
Subject to,  5x; +6x, =30
3x,+2x, <21
X +x,<12 ;5 x,x,20
@rafbcas s, fasferfis @@, 51,4, (L.P.P.)-a3 €Iy @iel/= (Feasible space) IW

QTP O(J (IR 9 @R T weeT (Feasible region)-a3 53 K912 (Extreme points)
<A1

e (Maximize) Z =2x+5x,
-G ACICF (Subject to), 5x; + 6x, 230
3x, +2x, <21
x+x, <12 ; x,x,20

Find the minimum cost solution for the 4x4 assignment problem whose cost
coefficients are given by:

4x4 assignment FHRATD] FATH T THRNT QI TR, SIDT AT T I
PR B |

I II I v
A 2 -1 -1 -2
B 1 0 -2 -1
C 1 -1 -2 0
D 2 2 1 1
3

6x4 =24
6
6
6
Turn Over
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ffafe 4x4 =if*fe T (Assignment problem) F&{ &7 K (Minimum cost
solution) (3 <, IS &7 FRIPTR (Cost coefficients) (S FRCRI

I II I v
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:

faST®d!I L.P.P. @ Simplex TSI §RT FHRM X |

Minimize Z =x, —3x5+2x;

Subject to,  3x, —x;+2x5 <7
—2x, +4x, <12
—4x, +3x; +8x5 <10

Xy, X3, X5 20

ferferiie @et, (91,1, (L.P.P.)- 7ipe “1afore (Simplex method) 74w 1

& (Minimize) Z =X, —3x3 + 2x;
-9 ACCF (Subject to),  3x, —x; +2x5 <7

—4x, +3x; +8x5 <10

Xy, X3, X5 20

11. Solve the following transportation problem:

faferfas sifsqzs 3= (Transportation problem) i T3¢

&gUPI transportation TARIT THARI TR |

D Ds Ds
O 0 2 1
0 2 1 5
O 2 4 3

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

Big-M ugf gRT fagys! L.P.P. FHEM TR |
Maximize Z =3x,—x,
Subjectto,  2x;+x, =2
x; +3x, <3

<4 5 x,x,20
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fR51-a% *&fS (Big-M method) I ¢ fsfaiiae @1 o1 5 (L.P.P.) Twixi« F¢

Fifas (Maximize) Z =3x—x,
-G ACACF (Subject to), 2x,+x,22
x; +3x, <3

X <4 5 x,x,20

GROUP-C / fetal-a1 / 8-
Answer any fwo questions from the following
fmferiie @-A 76 evaw Tea mie

TADT Bl g8 ITIEHD] IR TS

13.(a) Solve graphically the following game:
feafeiie ¥enfs @Tibcas ARy i s

fagud!l Wotels UTfhdy SUHT HHTE TR |

B, B, B

A1 3 11
48 5 2

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

assignments:

dd fQSU®dT @A matrix YIRT X, optimal job assignment 31T cost of

assignment E®®I AN MU TR |

Job
P QO R § T
A0 3 3 2 8]
B9 7 8 2 7
Mechanic c| 7 5 6 2 4
D| 3 5 8 2 4
E|9 10 9 6 10 |

fsfeifde S0 OIS (Cost matrix) I98F G, WqFel F¥ W@ (Optimal job

assignment) €3 Sf*e T T feffact T

i

P O R S T
A[10 3 3 2 8]
B|9 7 8 2 7
¥ Cc |7 5 6 2 4
D|3 5 8 2 4
E|9 10 9 6 10 |

6077 5
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14.

15.

16.

6077

Solve the following L.P.P. with the help of Two Phase method:
Two Phase Ugfd §RT ddf fagU®! L.P.P. G TR |
Minimize Z=x—2x,—3x4
Subjectto,  —2x; +x, +3x;=2
2x, +3x, +4x; =1
X, Xy, X320
W2 (& (Two Phase) #i&fed ARI fWafiae @&, {41,191, (L.P.P.)-T ik« 542
s (Minimize) Z =x,—2x, —3x,
-9 ACICF (Subject to), —2x; +x, +3x; =2
2x, +3x, +4x; =1

X, Xy, X320

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.

@36 FR FIGE 180 TF WICBICSH 7, 250 5 TICFs @R 220 oo 6 Wizl @3
Al 3:3:4 el 15 it #ice @<k 1:2:1 e 12 5 aiice [ers a9 @2
w2 e o 5 (odl a1 Tbe 0o e T 22, @8 S 96(6 «a1. 1.1, (L.P.P.) tod
91 @8 TP FTAB@d T A F41

T3l PfY wEAT 180 S Nitrogen Ael, 250 S phosphate 31\ 220 €9 potash
T | JAel HHATE 3:3:4 BT uaref 811 a8 15 Ul T BT %A A 1:2:1 Bl
garel fHSorErs %12 U Sl AWMl 9o 9a | B Dl IF UarRiel [Hsor
SITGT ATGH] %I U189 DI AN 99199 9a8 w1 USel LP.P. TR TR | IH
FARITATS UTftheh HUAT FA TR |

Find the dual problem of the following L.P.P. and then solve the dual problem:
T fegUdT L.P.P. &I dual F9RT WIS 3IfH &9 dual THRITATS THRIE TR |

Maximize Z =x,+6x,
Subjectto,  x, +x, 22

x; +3x, <3

X, X, 20

fersferie @@, (91,191, (L.P.P.) -9% (@@ (Dual) 701 (I7 39 Q3R (7 T T 18
e (Maximize) Z =x, +6x,
-93 ACCF (Subject to), x; +x, =2
x; +3x, <3

X, X, 20

12

8+4
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DSE-2B
METRIC SPACES AND COMPLEX ANALYSIS
GROUP-A / {@i9-3 / A-%

Answer any four questions from the following 3x4 =12
femferie @-iw 5197 e Tea wie
TADT B IR UTTEwd] IR a9

Show that f(z) =1Im(z) is nowhere differentiable in C.

A8 f(z2) = Im(z) SFFHT Goe ©leT SRPEACAN] w2 |
f(2)=Im(z) A1 & U differentiable ©F W JHOT TR |

Let X #¢ and d: X XX — R be defined by
0 if x=yp
d(x, y)= .
1 if x££y
for x, ye X . Prove that (X, d) is a metric space.
AT, X ¢ @R d: X x X — R-GI6 w5, @ Waliiieeid weles
0 z4q x=y
d(x, y)={
1 qq x#y
@A x, ye X | &4 9 (X, d) -6 metric space |
T X#2¢ 3N d: XxX >R

0 if x=y
d(x, y)= .

1 if x#y
HHT THIT TR |

x, ye X < uR¥IAT YU (X, d) TICT metric space &

Show that lim [gj does not exist.

z—0

@S lim @j -7 I S (3 |

z—0

z—0

lim [gj exist To- 9T JHT TR |

Show that the function u :R* — R, defined by u(x, y)=—x*+3xy” +2y+1 is
Harmonic.

mate @ RS SIS Harmonic-Storss

u R — R, @A u(x, y)=—x>+3xp> +2y+1

u(x, y)=—x>+3xp> +2y+1 o gR9INT ®era u:R* — R Harmonic B ¥+
YHTUT X |

7 Turn Over
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S. Let (X, d) and (Y, p) be two metric spaces and f : X — Y be a continuous map,
and {x,} be a convergent sequence in X. Is the sequence {f(x,)} convergent?
— Justify.
A, (X, d) 9% (Y, p)-906! Metric space IR [ : X — ¥ II(0 7SS S,
GR {x,} 90 ACYA SGEFA | Q2 { f(x, )} AIPAL 1 WGy 2(F ¢ [RCaize 7401
Al (X,d), (Y, p) SsdST metric space 8% WY, AN f:X Y Ul

continuous map 9U I {x } X H TICI AfABiEd (convergent) 3 hH 4 |
ITHA {f(x,)} U AMBET BT ? ITIRATS =TT (justify) TR |

6. Show that every differentiable function f: C — C is continuous.
il efSib SRFEHCIN ST f: C — C 7SO |
Jd differentiable ™ f: C — C continuous & T THIUT T |

GROUP-B / Rei-4 / w1
Answer any four questions from the following 6x4 =24
Faferiee @-@F 5176 etss Tea wie
TADT Bl IR UTIEwD] IR a9

7. State and prove Cauchy-Riemann equations. 2+4
Cauchy-Riemann TSRS 01 F9 QR GISTE! 21 F91
Cauchy-Riemann @RS Sl 31 FHIUT TR |

8. Let f: D(cC) — C, and f(z)=u(x, y)+iv(x, y), and z, =x, +iy, € D. Then 3+3

show that f is continuous at z, iff u and v are continuous at (x,, y,) -

AR, [:D(cC) — C @R f(z)=u(x, y)+iv(x, y), R z,=x,+iy,€ D |
o T f WHIO 2, YOO TS B, u GR v SAFIRAE (x,, ) [U00 TE9
(A, R 2N 9, My G v SAFFR (x,, y,) [0S TS 2, OIFET [ SAFH0S
z, [R0® 789 2|

e f:D(CC) — C 3N f(z)=ulx, y)+iv(x, y) AT z,=x, +iy,€ D | z,41
£ T3el fAR=R (continuous) & I X A Ifq u A v FRFR 8B (x,, »,)
|

9. Let u: D(c C) — C be defined by u(x, y) = x> +2xy+3. 6
Can you construct an analytic function f: D— C such that Re(f)=u, (where
you can choose D suitably).
If the construction is not possible, then explain the reason.
R AF, u: D(c C) — € Frwah FefeiRieeim affes

u(x, y)=x>+2xy+3.

6077 8
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10.

11.

12.

13.(a)
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Q3 I Analytic S [ 2 D — C -93 WG @I 7EI 1, I & Re(f) =u
(@ 9 (BFH FAR MW, D TSI 0o 2IR0T) | A @ 4R SAHE e 1 AT,
T (@fewet R Tt

AT u: D(cC)— C a8 u(x, y)=x>+2xy+3 o aR9MAT TRT & el wser
analytic Bell f: D— C 01 79 wa©!, S8l Re(f)=u B ? (D A3 AT
fEaEe BgeN) | Afe AT F9U@T @vsH I dT HROT 4TS |

Let (R?, d) be a metric space, where d is the Euclidean metric on R%. Let 3+3
(x,, v,)€R" be a sequence and (x,, y,)€ R% Prove that (x,, y,) = (x,, y,) if

and only if x, = x, and y, — y, m R.

@ I, (R%, d) TN @& Euclidean metric Space @R (x,, y,)eR" O Sy,
AR (x,, yo)€ R 1 &MAT (x,, v,) = (xg, Vo) TE X, = x, GR y, — y, | A,
AT, A x, — x) GR y, = yy T, O (x,,, y,) = (X, Vo) |

afe (R%, d) TSI metric space YT ST&F d R* ¥ WYHI Euclidean metric 8| af
(x,, y,)eR"  TITT HA 9T I (x), y,)eR® WY, TEOT TR
(X, ¥,) = (xg, o) A AT A A x, — 33Ty, > yp, R 7Y

State and prove Cantor’s theorem for a complete metric space. 2+4
@36 Complete Metric Space-a3 &« Cantor’ a7 Go#iwifb [R® P @R @f=iel 311
Complete Metric Space @I @RI Cantor’s &I SUUTEl Seoid 3T FHIT TR |

Let (X, d) be a metric space and 4, B € X . Show that 6
d(AUB) < d(A)+d(B)+dist(4, B),

where d(A) denotes the diameter of 4 and dist(A4, B) denotes the distance

between 4 and B.

@A, (X, d) @I Metric Space @R 4, BC X |

A€ d(AUB) < d(A)+d(B)+dist(4, B), @AW d(A4)-93 9, 4 GBI I @R

dist(4, B)-93 9%, 4 @R B (T6REF T GAT |

I (X,d) TUSel metric space WY 3 4 BcX YA TR

d(AUB) < d(A)+d(B)+dist(4, B), S8l d(A)d A & AN ar] T8 I

dist(4, B)<l 4 I B HAISIHT g1 qA1SH |

GROUP-C / eiol-at / -

Answer any fwo questions from the following 12x2 =24

faferiie - 7f6 et e wie
TADT Bl g8 ITTEHD] IR TS

Let (X, d) be a metric space and 4 € X be a compact set. Prove that 4 is closed 3+3+2
and bounded. Is the converse part true? — Justify.

AT, (X, d) 930 Metric Space 9% 4 < X @36 Compact Set | e T4 @6

closed @<} bounded |

93 A7 [l AT (Converse Part) F 79) 2

9 Turn Over
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(b)

14.(a)

(b)

(c)

(d)

15.

(a)

(b)

(c)

6077

AME (X, d) TSl metric space 3 4 < X USel compact set &1 4 closed 31
bounded B W YHIT TR | IFHT Soel I BT ? ATAIfIT TR |

Show that every convergent sequence in a metric space (X, d) is Cauchy
sequence. What is the converse part of the result?

@9 Metric Space 9, @-@ SfeYA SEF 7WiZ Cauchy TIEF 2@ @2 AT
21 /G (Converse part) F 7e) 2 2

Metric space (X, d) U 3f¥ef~s 1A Cauchy FJHA & A= YA TR |
I GRS Il & T ?

Evaluate: / @ ¢ / 7197 fAofg T

.[ zdz
(16 —z°)(z+i)

|z+4| =2
Justify: / (Tfewet Rol w2 / =R T~ Re{ j f(z)dz}:{ j Re( f(z))dz}
Y /e

Prove that the argument function “arg”, where arg: C\{0} — (-—z, 7] is not
continuous.

2l 8 Argument SICFS0 “arg: C\ {0} — (-7, 7] FS@ I

Argument ®ad “arg” W@l arg: C\ {0} — (-7, 7] FR=R &9 9= JHT TR |

Find the image of the point z= J3—i on the Riemann sphere under the
stereographic projection.

Riemann Sphere-@ Stereographic SISt~ @4l z = V3-i o efel= Sz ¢

Riemann sphere @I stereographic projection AT =g z=A3—i @ image o
N

Let f: D— C, where D is open and connected, and f* be analytic on D.

@ AT [ D— C 9 WS, @A D @B6 Open @R Connected, @R f
SCAFH0 D @6 Analytic |

AMI f: D— C, S8l D open 31T connected 8 31< £ D HT analytic &7 |

If f(z) is analytic, then f(z) is constant. — Justify.
W f(z) S analytic 27, OFH f NAFHOS analytic 231 @fewo [Rola 741
afe f(z) analytic 81 99 f(z) ReRi® constant 1 | =R TR |
Evaluate: / i« fefa 3525 / 711 faofgr )
dz
'[ 22 +1

2| =3
Show that Re(f) is harmonic on D.

2[¥ie $92 Re(f) @36 Harmonic ST |
Re(f) D AT harmonic ® ¥l JHIUT X |

10
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(d)

16.(a)

(b)

(c)

(d)
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Let L ={ze C: Re(z) <0}. Show that f: D — L is a constant function.
AT, L={zeC: Re(z)<0}. MAS f: D — L S2FHP0 &P ST |
AMl L={zeC:Re(z)<0}. f: D — L T3l ReR(® B 8 9T JHIVT TR |

Show that the set of natural numbers is not complete with respect to the metric

d(m, n):|%—%

b

where m, n are natural numbers.
ewid 9 FeIRF WA GO d(m, n)= %—%| m,n EN metric-49 ACACF
incomplete |

Metric d(m, n):|%—%| DI ACHAT, YThlad TATDI set complete BT HHI

THIIT IR, T8l m AT n WHiad AEEw & |
Show that (R, d) is a metric space, where d is defined by
—y| , if xy<0
d(x. ) = | x=y] =
|x|+]|y| , otherwise

23id 9 (R, d) 9% Metric Space, @I d-FGF (0 (EkIReSE 3o
d(x y):{lx—yl . g XSO
’ |x|+]y], q2q x>0
(R, d) TUSEl metric space @ ¥4I AT TR W&l d T3

d(x,y):{|x_y| , if xy<0 5 gff i 5|

|x|+]|y| , otherwise
In a metric space, show that arbitrary union of open sets is open.
231 T (F-(PIF Metric Space-« IR (arbitrary) open-GT6 union open-(i (|
%1 metric space HT, open set v (arbitrary) FE open B I THIUT TR |
In a metric space, countable intersection of open sets may not be open. — Explain.

@-GF9 Metric Space-9 countable 3RUF open (TG4 intersection FAC open b WS
2o Aled | e w41

§1 metric space HT, open set FwDI IVFRINA (countable) ITSE open g
afsy |dw | ARAT TR |
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