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UNIVERSITY OF NORTH BENGAL
B.Sc. Programme 6th Semester Examination, 2024

DSE1/2/3-P2-MATHEMATICS

(REVISED SYLLABUS 2023 / OLD SYLLABUS 2018)

Time Allotted: 2 Hours Full Marks: 60
The figures in the margin indicate full marks.

The question paper contains paper DSE-2A and DSE-2B.
The candidates are required to answer any one from fwo courses.
Candidates should mention it clearly on the Answer Book.

DSE-2A
METRIC SPACES AND COMPLEX ANALYSIS
GROUP-A / @oi-% / Tg-5

Ls Answer any foar questions: 3Ix4=12
@- B1Ff5 2o Tea nies
P TIRFET T IR fE N :
(a) - . , . . %
Show that a harmonic function #(xs' ) satisfies the differential equation =0.
Z0Z
2
RN (T @~ TS harmonic ST 1(x, y) SRR FA<el :;‘_ =0 -3 P =)
Z0Z
2
Harmonic T u(x, ) Rrar G0 s;‘_ = TS TE TEB A SIS TEN |
Z0Z

(b) Show that f(z) = Im(z).is nowhere differentiable in C.
@S @A f(z) = Im(2) TG C-CF (DS TP )
AR B CAT f(z) = Im(z) B U Sraderi g |

(¢) Show that lim [zj does not exist.
2304 Z

e @&, 1111%@) -7 I Y (R

z—0

lim (%J exists o YT FHI0T TR |

(d) Tn a metric space, show that arbitrary intersection of closed sets is closed.
@18 (A metric space-9 closed sets-4% arbitrary intersection, closed set 2|

P metric space AT closed set 86! arbitrary TR closed ® I SESEI |
(e) Let d be metric on X. Define d(x, yy=min{l, d(x, )} for all x, ye X . Show

that 4 is a metric on X.
4 4 93 metric X ~47 T W@ d(x, y) = min{l, d(x, y)} D@L x, ye X -4
e, SiEE e (@ d G metric X 43 &l |
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5. (a)

(b)

6077

G X AT d Wb metric MU 31 d(x, ¥) =min{l, d(x, ¥)} Vx, y € X & uR9If¥T o7

é@mjﬁﬁ‘[ﬁi)( AT d U@ metric Sl

Find the image of the point z=~/3-i on the Riemann sphere under the
stereographic projection.

Stereographic projection-<< A, Riemann sphere-<9 W7 z=~f3-i ﬁ"'{ﬁ?
effefon fadfa <41

Stereographic projection 3=d Riemann sphere a7 5 z= V3 —i @ ofy P

e

GROUP-B / [¥er-4 / aqg-a

Answer any feur questions

A-(F 51afo et Tea wie
P TRIST THETPT S e
Let X be the set of all positive integers and d(m, n) = [% —%|. Showthat (X, d)

is not complete.

e T9 FIORE R GV dm, ny=| .~

#?

, m, neN, metric-43 AT
incomplete |
afe X g1 quiieseat A I d(m, n)= \%—ﬂ Tq (X, d) complete & ¥

Let f(z) be analytic in a domain D.If.f'(z)=0 in D then prove that f is
constant.
gid £ <« analytic STFF domaitwd (81 IM f(2)=0, Vze D, T SR (WS

@ f 9Hl0 5= |
&1 DT f(z) analytic 3T %'(z) = 0%V f ReRidb & 7 ST {814 |

Let u: D(c ©) —% Cbe'defined by u(x, y)=x? +2xy +3. Can you construct an
analytic functien %W+ D — € such that Re(f)=wu, (where you can choose D
suitably)? If'the consttuction is not possible, then explain the reason.
R, 1 DO € I s Fekiiesia affos

u(®%, ) =x>+2xp+3
D@ 2oee iz ofil i @l analytic S5 (R 33TC AR IS Real (f)=u T 9
T I 1 =7, Siege Fige wefis
Al w: D(cC) — C &% ulx, y)=x2+2xy+3 o aRvifea e & fadler weer
analytic el FRHI0T 7 G, W&l Re(f) = u §78 ? (D T8 AT Rael B{er) |
gfe 0T YU WUSHT DT BRI IS |

Prove that the argument function ‘arg’, where arg: €—{0} - (—z, 7] is not a
continuous function,

AT T (T argument TS ‘arg’ @A arg: C— {0} — (—7, 7] -1 7ES 77|
Argument e ‘arg’ 981 arg: C— {0} — (-7, 7] FR=aR & 97T ¥H9107 7R §

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

2

6x4 =24

3+3
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e @ (X, d) metric space-& (F-GFN G5 5|95 79 a 3R p-a3 & 46 &7 ¢ 9 b
@@ /B TS (open sphere) Fwrsia|
SHTOT BN, % metric space (X, )T g R8I &85 a, b @1 o1t = o 3117 b i Lec )
e open spheres g9

6. Show that (R, ) is a metric space where d is given by

dix, y)= .
|x|+|y], otherwise
29 T (R, d) < metric space G d fslERweia dwes
|x—y| , 3W xp<0 TF,
d(x, y) = ‘
lx|+1¥l, SR
é@ﬁﬂ%ﬁ‘[ﬁ? (R, d) TP metric space &1 Tel d T

d(x,y)z{ |x—y| , if xy<0 T

lx—y| , if xy<0

x|+ ]|¥]|, otherwise
2z
7. Evaluate I dz and hence deduce that J-_l_tZ(:osQ dé =0,
|z|=1z+2 o S+dcosd
2x
[ % cammfer e mamee [ 2% g0
=1 212 © 5+ 4c0s 0
dz 11 +2c0s0
| BN YoTTgen THRR] AT e | 2L 460 = 0 e |
1212 o d+rdcosd
GRQUP-C /' festi-of / w81
Answer any fwo questions 12x2 =24
R®-CF 715 et e wis
T GZaeT HYEHo! T} e
8. (a) Applying Liouville’s Theorem, prove Fundamental Theorem of Algebra. 44345

Liouville-<g&=#%10 2zl T Fundamental Theorem of Algebra &1 341
Liouville’s Thedrem YIRT TR Fundamental Theorem of Algebra ST TR |

(b) Prove that Cauchy sequence in a metric space is convergent if and only if it has a
cenvetrgent subsequence.
@4 _metric space-d Cauchy sequence SIeTAl ¥R WM @« VLG Cauchy
sequence-109 G0 SISl subsequence 2T 23N T
IO TR fF metric space AT Cauchy 3P SAel~ae &1 ARG IehT SAfHenfesies

ST A |

(c) Consider the FEuclidean metric space (R?, d). Show that the sets
A={(x, y): x*+y* <1} and B={(x, ¥): (x —2)* + y* <1} are mutualty disjoint
but d(4, B)=0.
42 (R, d) @3 Buclidean metric space | SIZ (A8 (@ 4 = {(x, y): X2 +yt <)
@R B={(x, ¥): (x-2)" +y* <1} ¢ivwy NeiRT Riven &€ d(4, B)=01
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Euclidean metric space (R?,d) A1 Je® A= {(x, y): x*+? <1}arf

B={(x,y): (x=-2)"+y’ <) URTINSG T Breved & d(4, B)=0 o i
TSR |

9. (a) Let 4 be a non-empty set in a metric space (X, d). Prove that 4 is open in 6+6
(X, d) if and only if Int (4) = 4.
(X, d) metric space-< I 4 9=fe non-empty set d SR 2N T (T 4 9F6 open
set X (X, d) metric space-« I @) Sy W Int (4)=4 =
- metric space (X, d)T 4 TF GIcil THhY A & 97 ST TR 6 (X, )1 4
open B I Int(4) = 4 YU A |

(b) If (X, d) is complete metric space, show that (X, d) where d =:%, is

complete,
T (X, d) 93T complete metric space 2, TR (AUNe @ (X,'d) @A

d=

1fd , complete metric space TI|
A (X, d) complete metric space & STTSTEN] (Xod) complete &Y, Wal
-4

1+d

10.(2) Evaluate: / fof 23 / qramgan TigRy: 6+6
J‘_ zdz

ek =2 16 =22 Xz £1)
(b) If f(z) is an analytic function ofzz, prove that

2 2
{ - %J[Reﬂznz = F()P

N

o
2 2
T f(z) G0 analytic ST T SR &l 391 (I [%4—%}[%}“@12 =2| Fi(2) |
IR f(2) z B & analytic Tl 8T 5= SHIT R

2 2
[3‘1—2 + %J[Ref&)]z Z2( fDP

11.(a) Stat¢'and prove Cauchy-Riemann equations. 6+6
Qauchy-Riemann TiieaeefE 2 w1 gar eraf e w7)
“\Cauchy-Riemann THBRUES Seeig 31 HHIOT TR |
(b).If R” be the extended real number system then prove that the function d: R'x R'— R
given by d(x, y)=|tan~! x —tan~! y| for x, y «R" is a metric on R,
It R, extended real number system T, OFE (M8 @ 4: R'x R'— R,
d(x, p)={tan”' x—tan~" y|, x, y e R" Grom3fB metric @ R'-@ |
g% R’ @ Reaifa aedie o e 9v di, y)=|tan"' x—tan~' y| ¥
x, yeR I Re@ BeM d: R'xR'— R R*AT W metric E‘TWW‘F@E\Q{I
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DSE-2B
LINEAR PROGRAMMING
GROUP-A / Ro1i-% / wg-#
I Answer any four questions: 3x4=12
@-CFW 51Af6 ivsm e wise
P IR WHEHDT SO [arB ] :
(2) Graph the Convex hull of the points: (0, 0), (0, 1), (1, 2), (1, 1}, (4, 0). Which of 3

these points is an interior point of the Convex hull? Express it as a Convex
combination of the extreme points.

(0, 0), (0, 1), (1, 2), (1, 1), (4, 0) Rmefe faey «f6 Fwe™ 21 (Convex hull) vz 34|
@2 Rmafer st (@i fevefe Sarew =91 (Convex hull)-3 TERER (interior) poifitl &2
TeTea (interior) RMFTS awfls (extreme) R sarew sfitw wiemm @1 |

(0, 0%, (0, 1), (1, 2), (1, 1), (4, 0) Fo~SEoe! ST THIERS IETToT gTEge .. Maed

T I TN BT R FRrge® 57 7 a9 o Rrgeea! St St H SR R |

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

B (Dominance) 1w I29 7 Fafeme cot-wr/=fpie s oo (reduce)
39 @ effis #faeihe few (Pay off matrix) R (<=7 (Game)- a7
=T pay-off matrix 9qeT et TGN R A dominance SR RT pay-off matrix

GIECHER
B, B, B,
AP s i
4 |5 2 ¢
4 |4 o -}
(¢) Show that x =5, x, =0, x; =—1is a feasible solution of the following system 3
of equation:

X t2x54x,=4

2o+ X3+ 5%, =5
Is the solution basic? If so, which are the basic variables?
RS, x; =5, 2 20,05 =—1; x,+ 2%, +x; =4, 23, + X, + 5x; = 5 NP
I T (Feasible solution) | @2 sia & (fe= (Basic) ¢ 1% &7, o (e
SR (Basic variable) 11
=T Tl UTET AT WA x, = 5, x, =0, x, = —1 BY W SO R |

X +2xy+x; =4

2x; + %5 +5x, =5
&G STERY 8T 7 TR &Y o SATe) o’es 3 3 57 2

(d) Reduce the following minimization problem to a maximization problem in its 3
standard form:

fref@fes fifasieem @< ™ (minimization problem)-G @ Wieca (standard
form) NrRBIETE™ &G (maximization problem)-« /g 71
Minimize Z=3x —2x, +4x,
Subjectto,  x +3x, —4x, <12
2x —x, + %, 220
X —4xy,—5x;25
X 20, x, 20, x, &Y G
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T YA TRAT AT standard HY BT STefeTT THRATHT TR TR |
Minimize Z=3% —2x, +4x,
Subjectto,  x, +3x, —4x; <12
2x, — Xy + Xy <20
X —4xy —=5xy 25
x, 20, x, 20, x5 is unrestricted in sign.
(e) Solve the following L.P.P. by drawing the feasible space and extreme points of B
the feasible space.
e g7 PR (LP.P)-& WOR =i%d (Feasible space) @R B [z
{Extreme points) SR = HALE T4 |
AT AUSH ST ATHT T A7gEs NI 77T L.P.P. &A1& AT THE s |
Minimize Z=-2x+x,
Subjectto, x, +x,26
3x, +2x, 216
x, <9

X, x, 20

(f) Prove that the solution of a transportation problem is neverunbounded. 3

o 9 (7 ifaqzn Tl (Transportation problem)=€a 34 (Solution) F4=E
FEH (Unbounded) 2@ 2 1
Transportation SRR BT FATI Piger GfT SRATHRT g St FFHA10T T |

GROUP-B / ei-4/ .

Answer any four questions 6x4 =24
- o110 &neR Tea wie
P TR THEwHDT SR et

2 Solve the following transportation problem. 6

femfes oz >l (Transportation problem)-{G =i 41
¥ transportation AT THTEM TR |

D D, Dyla
o0 2 i s
o, | 2 1 5 |10
O, | 2 4 3 .l 5
b, 5 5 10
3. Show that the set of all feasible solutions to a L.LPP. Ax=5, x20 is closed 6

convex set.

@ae (T GFT LPP. Ax=bh, x> 0-43 FGR ANUS (Feasible solutions) (6T
% 9% 5w (closed convex) |

T LPP. Ax=b, x20 B G Qe GUES B GIo0d [ &3 Iief aoud &l
FHI IO TR |
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4. Find out the optimal assignment cost from the following cost matrix: 6
A S TGS (U optimal assignment cost (38 F4 1
=T @I matrix S1C S8 O SR O SRR |
i 0o m w v

A 9 3 4 2 10
B IN12 #p 10 8 11 9
cCl11 2 9 8
D 0 10 3 7
E| 5 6 2 9 |
5. Use Simplex method to solve the following L.P.P, 6

Simplex Method-&tie %¢a WwTe L.p.p.-97 smiw 3=
Simplex R TRINT TRY 371 L.P.P. T X |

Maximize Z=3x+2x,

Subjectto,  2x, +x, <12
6x; +3x, <40
X, X, 20

6. Provce that if a L.P.P. has at least two optimal feasible solutions, then there are 6
infinite number of optimal solutions.

2N F7, T 46 L.P.P.~97 Swoitw g5 JCesl T (optimal solutions) AT,
S@ @ L.P.P.~43 SR e T (infinite optimal solutions) AL

VATOT TR 5 A Gas L.P.P. BT 1 A $H qEaCT SEAH AL THMES Y TP
FETH FATHED 3d &M §79 |

7 Use Big-M method 1o solve the following L.P.P. 6
197 @¥ (Big-M) ~/&f® &gzt S ieea L.P.P. {6 saiuis <9
Big-M fafer waiir TR 777 L.P'R. e ey |
Minimize Z =4x, +3x,
Subject to, \ x, +2x, =28
3+ 2x, 212
Xy, %, 20

GROUP-C / Tei-o / Heg-T

Answer any fwo questions 12x2 =24
- 7fF eitefa Sea wis
T 3 T ST e
8. {a) Solve graphically the following game: 6
alifrprifer s (& (Game ) oa a4

oy = LN o
JTHd /AT T Heldllg AT TR |

42 2 3 -1
Al 4 3 2 6
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(b) Let [a;,] be the pay off matrix of a game prove that the game has a saddle point

10.

11,

6077

iff max [min aij] = min[max aij].
i J i i

@, [a,;] T G0 4@ R0 ST (pay off matrix) | &N T (o A #ICTs
(saddle point) QIR 3T ST €= T (if and only if) max [min g, ;]=min{maxa,]
i J g !
gfs [a;;] TS<T WP pay off matrix HT, HHTIT ﬂﬂﬁi{ foF WeTP! saddle point T TR
max [min g;;] = min[max a;;] 9 HH |
f K ! i

!

Find the dual problem of the following L.P.P. and solve the dual problem.
Dual problem-&7 ST C3 o< L.P.P.-47 A 4
e TR dual TR U AMSTE < TAeTTs FATE TR |

Maximize Z=5x+12x; +4x,

Subjectto,  x +2x, +x; <5

Xps Xy X3 20

Solve the following L.P.P. by two phase method:
Two phase 7@(® &/ T A1coa L.P.P.- 9 At <41
=1 L.P.P. @17 two phase fafer o e W |
Maximize Z=2x—3x,
Subjectto, —x +x,=-2
Sx +4x, <46
Tx, +2x, 232
X, Xy 20

A manufacturer of furnituré makes two products chair and tables. Processing of
the products is done on two machines A and B. A chair requires 2 hours on
machine A and 6 hours on machine B. A table requires 5 hours on machine A and
2 hours on machine B. There are 16 hours of time per day is available on machine
A and 22 hours.on.machine B. Profit gained by the manufacturer from a chair and
a table is Rs. 1'and Rs. 5, respectively. Formulate a L.P.P. to maximize profit per
day and solve'it,

«3f% IR 2ETFIRF TRY GV (chair) @ BRE (table) T T3 A ¢ B TES
B, 456 (5T (chair) T T 2 W51 A 7T 6 6 T B 1LY TR T G0
(R (table) ToT TS 5 B! A T €} 2 TG B T evareT 71 A wEb afef
16,951 ¢ B 736 elfsfie 22 95! F1w 400 A1 43 GACT (chair) A 2 Rs. 1 @R
(5 G (table)-a 7S 7 Rs. 51 (53T (chair) ' GRA (table) F© 7wt ol <3
TS TS e A 27 @2 W 9F0 L.P.P. 1o @ Iy 54|

TeiteRent ge fmidTer T < 2aeramT | SeaTeEee! WA gEaer ARk A TB A
TRew | AR A 7T TSTT ufens 2 9Uer 3 AR B |1 6 Tuel wnfee | AR A AT U3eT
e of§ 5 9UeT ) AR B T 2 TUeT Afaes | AR A AT {47! 16 5UCT < AR B AT 22
BUCT THY SUCTEY B | U T < Oaet 91 S<aTeenel BHIGH! AT 5598 Rs. 1T Rs. 58
| wfey T ToRT SRR 7 L.P.P. SRR ¥ IS GTe e |

X

12

12
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