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Time Allotted: 2 Hours

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 / {ol-3 / 53
1. Answer any four questions:
(- BIAfG &rea Ted nies
P IR THPT IR B :

(a) Prove that f(z)=Z is not differentiable at z=0.
AT f(z)=Z, z=0 (O ST (differentiable) <1
z=09T f(z) =z 9ea (differentiable) B HT FHTOT B |

1+i
(b) Evaluate .[ (x— y+ix?) dz along the straight line from z=0 to z=1+1.
0

1+i

i e e j(x—y+ix2)dz, z=0 (QF z=1+i 4 FEE A |
0

1+i
z=0RI z=1+i FHAETGA [ (x—y+ix?)dz oIS TeaTGh THER |
0

3
(c) Prove that f(z)= Z3 +; is continuous in the region |z |< 2.
VA

3
zfﬂT«TWf(z):Z3+; SFRO |z | <2 CHG ASS |
z +

|z|<2 &3 f(2) =

3
23 +; Ry EJQT&TWTUTTF@?J [l
+

z

6077 1

Full Marks: 60

3x4=12
3
3
3

Turn Over



UG/CBCS/B.Sc./Programme/6th Sem./Mathematics/y MATHPDSE2/2023

(d) Prove that j Zciza dz =27i , where C is positively oriented contour |z—a|=R. 3
C
e ¢ j Zciza dz =27 @A C &3 positively oriented contour |z—a|=R .
C
ST TR, .[Zciza dz =27i, STl C GHRIHD I~ 1T (contour) |z—a|=R
C

g1l

(e) If I, represent the open interval (—%,%} for n=1,2,3,-; then find ﬂ]n. 3
n=1

MM n=1,2,3-RG [, T& A (—l —j @ Pfeesmer N1, Fsa
n=1

1
n’n

AR n=1,2,3, B A 1, oF T SR (—%%} SRR 76 W ()1, T
.. n=1
(f) Let (X, d) be any metric space. Show that the function d; defined by 3
di(x,y) :M, Vx,yeX

1+d(x, y)
1S a metric on X.

$7 (X, d) 936 metric space | MAE @

d(x, )
di(x,y)=—25Y gy e x
1(x, ) T+ dr ) X,y €
B RGNS o, SAFFH X -9 T 9 metric 2T |
(X,d)gﬁtrﬁrﬁr@?ﬁ@ﬂgmé@mmﬁﬁdl(x,y)zw,Vx,ye)(am

1+d(x, y)
gRHTT TR (function) dy, X AT U Afce & |

GROUP-B / R4/ &5

Answer any four questions 6x4 =24
-CFI BTG eted Ted s
P IR T3P! IR B
2. (a) Show that u(x,y)= % log (x* + »?) is harmonic. 3

AT u(x, ) = % log (x + y?) harmonic T
u(x, y) =%log(x2 +y?) BMIFD B FR @S |
(b) Evaluate lim (cos z)l/ = 3
z—0
M= el g lin%) (cos z)l/ z*
z—>

. 2
GIICERR ﬂg q hn}) (cos z)l/ z
z—>
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3. Find Taylor series expansion of
1
(1+2%)(z+2)

|z | < 1-99 Sy +—&ﬂ§Taonr@§fﬁ®§ﬁﬁ‘ﬁWl
(1+z7)(z+2)

|z|<1 HT+ @I Taylor SRIET fAIR U< TSTEI |
(1+2%)(z+2)

in |z|<1.

4. (a) If f(z) is analytic with | f(z) |= constant, prove that f(z) is constant.
| f(z)| &= @ f(z) MW analytic W@ @A @ f(z) w2 &35
e f(z) feIquTeHe A1 | £(2) | = constant & - JHIV BT fb f(z) ReR © |
sinyz
N

f(2)= % @3 singularity @fe1 a4

1) = silj/_f P TeherdT (singularities) U= RSB |

(b) Find the singularities of f(z)=

x> +1

dx

X0 +1

6
TeAGDT TR, |
0

6. Let (X, d) 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 (X, d).

6 (X, d) 936 719 metric space 93 ¥ 4FT X -&3 ST (subspace) | & F7 Y

o) 703 T @R @eTig T (X, d) O 3R @ 2|

(X, d) T QUi Hicep T 31 Y, X T b |eT TU &1 | HHTTOIT {81 fob ¥ ol & afs

aqr (X, d) T closed & 9 A |

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

1
d(x,y) :I | x(t)—y(t)|dt, x,y € X.Show that (X, d) is not complete.
0

& X G0 [0, 1] 93 T RO 7561 HOS AWI AARME TFET G AR 47

d(x, y):j | x(6)— y(£) | dt, x,y € X | (RANE @ (X, d) F~5jef o1

[0, 1] &7 GR9INT 9 FR=R aRfded (real) Jedd YbRigwd! A X g1 3

d(x, )= [ [x(t)= ()| dt, x,ye X1 (X, d) TF & 4 ESTER |
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8. (a)

(b)

9. (a)

(b)

6077

GROUP-C / fretol-of / Fg-

Answer any fwo questions
-3 715 2tad Tea wie
P 53 UHD! SR [Ty

Show that the function f(z)=./|xy|, z=x+iy is not analytic at origin,
although Cauchy-Riemann equations are satisfied at that point.

@S @ RIS f(z) =4/ |xy|, z=x+iy SFFFH analytic 701 IS A T&
[R™0® Cauchy-Riemann F<<eiafer e 2

SIRTEN, b U f(2) =+/|xy|, z=x+iy H (origin) AT fPHSUTHS &7 Al
FEfU Cauchy-Riemann FHIGRUES & fSwgHT W€ B |

If u=x>—-3xy?, show that there exists a function v(x, y) such that w=u+ivis
analytic in a finite region.

Ty =7 —3x)? T ORE @AE @ GIFH SFF v(x, y) ION ACS w=u+iv
@I @36 [#E (0T analytic TR\

AR u = -3xy? 9, W [ BT T=eT Thrf v(x, y) B Il w=u+iv T
AT QAT freIvuITees g6 |

State and prove Cauchy’s integral formula for a simply connected domain.

@9 @3 simply connected domain-€, Cauchy integral 3@l eI® S e
41

U ATEIRYT ST (connected) S & ARt Cauchy’s integral formula a@og < 3
TTOT TR |

Verify whether Cauchy-Riemann equations are satisfied for
3_.3
X -y :
, if (x,»)#(0,0
u(x, y)= P (x, ) #(0,0)
0 , if (x,1)=(0,0)
and
IV (1) #(0.0)
V(xa y): x2+y2
0 , if (x,»)=(0,0)
512 I 2 Cauchy-Riemann AT P 3@ e, 2w =Iitg
3_.3
X —y :
x| T 1T (60200
0 , 1if (x,»)=(0,0)
UEK
3,..3
X+y :
, 1f (x, »)#(0,0
WX, 1) =42 4+ 32 (x, y)#(0,0)
0 , 1if (x,»)=(0,0)
4

12x2 =24
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10.(a)

(b)

(c)

11.(a)

(b)

(c)

6077

3.3
, 1f (x, »)#(0,0
x|z T @N200)

0 , 1if (x,»)=(0,0)

3 3
x+y .
o N0

0, if (x»)=(0,0)
@I AR Cauchy-Riemann FHIGRUER TIE B dT B 11 Ta R |

2z

Evaluate §e—4dz , Where C'is the circle | z|=3.
C (Z +1
2z

e et wee §—Cdz, @A C 9@l g€ 2] =3,

C (Z + 1)

2z -
JeAGDH TR §———dz W&l C et | z|=3 & |
C (Z + 1)

State and prove the Liouville’s theorem.

Liouville &9 G##{mj{G HRER® F¢a &wie 541
Liouville’s theorem T8 RT 3T+ FHTUT (&1 |

Prove that every polynomial function P(z) =a, +a,z+a,z" +...+a,z" =0, where
the degree n>1 and a, # 0, has exactly » roots.

2 I ACGJF I AT P(z)=a, +a,z+a,z" +...+a,z" =0 @A n>14R
a, # 0, 93 5F n YT & =2

D q8US YR P(z) =a, +a,z+a,z’ +...+a,z" =0 58I degree >1 3 a, =0,
BT GATFD 1 SRIE (roots) §& H+ HHIU B |

If 4 and B are two non-empty subsets of a metric space, prove that

(i) AuB=AUB (i) AnNBcANB

@I @6 metric space b, 4 93 B A 710 S SAGHD 2 SIRCE 2o 91

(i) AuB=AUB (i) AnNBcANB

Al 4 31 B Afce TepT 55 IR-Reh FaIC 8% WY TV BN~

(i) AoB=4UB (i) AnBcANB

Show that every set in a discrete space (X, d)is open.

418 @ discrete space (X, d) (@ &Sl (162 J& @ |

Discrete space (X, d) HT Tl AT YTl (open) © T 3@!13@?[?{ |

If 4 and B are any two non-empty subsets of a metric space (X, d) then prove

that d(AU B)<d(A)+d(B)+d(A, B).

I (X, d) metric space-9 4 @& B Kb S« TG 27 &4 T7
d(AuB)<d(A)+d(B)+d(4, B).

Al A 3T B 4fced W (X, d) I 53 R-Reh G HY, THIT TR fob
d(AUB)<d(A)+d(B)+d(A4, B)

3+3
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DSE-2B
LINEAR PROGRAMMING
GROUP-A / {ol-3 / 5 5-&
1. Answer any four questions from the following:
AT - BIA0 &feais Tea mies
eIt T IR THeT IR S8 :
(a) Find the dual of the following primal problem:

(/5614 Primal problem-97 dual (33 1
=T Primal FR=ATT dual =TT RSB R

Minimize  z =3x—2x,
Subjectto  2x; +x, <1
—xl+3X2 24, X1, Xp >0

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

fafafae cenifbs ik Fa 9 «fteny mifes et =iiez)
TeThT game FHTET TBI, SIRAT R RATTCaT GRT [l &

B B
Al 3|7
A |31 9
(c) Solve the following problem graphically:
Graphically 4 52
=T AT I1ftheh /UHT THTE THIRL

Maximize z=x+x,
Subjectto X +2x, <2
3xl+x2S1

xl,X220.

(d) Prove thatin E?,the set X ={(x, y):|x|<2,|y|<1} is a convex set.
AT E2 BT X = {(x, y):|x|<2, | y|<1} @F(6 Tee (16 2|
ST TR fb E2HTT X = {(x, ):|x|<2, | y|<1} STT A |

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

S ={(x,y): x>+ y* <25}
feTie st G614 extreme points (7 34, JMW ACF |

S={(x,y): x>+ y*> <25}
=T STl (convex) TE S ={(x, y): x? + y* <25} Bl TRA Sge Well T{EN (Al
P B ) |

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

mAle @ Npa foaf (o370 aRFSIR Feaie
(1,-2,3,4), (-2,4,-1,-3) @R (-1, 2,7, 6).
TIRTEN [ 1 1T sereves IRge wuaT FR e
(1,-2,3,4), (-2,4,-1,-3) 3 (-1, 2,7, 6).

6077 6
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GROUP-B / Reit-4/ &5

Answer any four questions from the following

TTHA (I-CFIA BIAMG 2TH Ted e
P IR THEwD] IR [T,
2. Use simplex method to solve the LPP
Simplex Method 219 I WHRER—® LPP-G3 74« 341
fo=T LPP S7er= T simplex fIfer s T@%ﬁ?{ I
Max z=3x+2x,
Subjectto  x;+x, <4
X —x<2
X, X% 20.

3. Use Big-M method to solve
Big-M method-43 AR AN |

Big-M fafey SRINT RR e T8y |
Max Z=X— Xy +3x3

Subjectto  x;+x, <20
X] +X3 =5
X] +X3 >10

X1, Xp, X3 >0

4. Find an initial basic feasible solution of the following transportation problem.
54 Transportation problem-43 @A GlfeRE FBR] TN @ F4 |
fA=T transportation FHRITHT TR SERYT T (BFS) T8 TIoeid |

D, D, Dy D,
o119 8 5 7 112
o, 4 6 8 7 |14
Oy | 5 8 9 5 |16
§ 18 13 3
5. Find out optimal assignment cost from the following cost matrix

WW TGS (A optimal assignment cost (74 4|
7= STTeT =TfCeRT STC ST TSI AT U=IT oIS IeY |

I om o 1
A 9 6 6 5
B 8 7 5 6
C 8 6 5 7
D 9 9 8 8

6077 7
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6.

8. (a)

6077

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

@14bcaa Ny @HFTRe LPP-@7 feasible space M AF OF (FF F9 @R feasible
region-& b RV (33 41|
{1 LPP &7 TTftheh wUHT G491 (feasible) ST DIaR, Tfs T Y AT FH1 &
T TR ImgE Ul F TS TeY |

Minimize z=3x—X,
Subjectto  x;+x, <2
2x1 + 3X2 >6

X1, Xp >0

Two linear simultaneous equations with four variables are given below 1+5
4x; +2x) +3x3—8x4 =6
3x)+ 5%y +4x3 —6x4 =8

(1) How many basic solutions are there?

(i1) Find all of them.

5 SeRifR ¥fb afd 9171 (simultaneous) FNFe (S T
4x; +2x) +3x3—8x4 =6
3x)+ 5%y +4x3 —6x4 =8

() o ElfeRe el =i ?

(i) I==a Ghferss K @3 91

IR TR 97 g8 RGP simultaneous THIHRUT el Rt & |
4x; +2x) +3x3—8x4, =6
3xp+5xy +4x3 —6x4 =8

(i) STHRYT FHTEE® DT B ?

INISERSIIEESE
GROUP-C / Rett-at / gg-1
Answer any fwo questions from the following 12x2 =24
oA - T% oTHd T WIS
T g A R R
Solve the following LPP 6

Minimize z=3x+x,
Subjectto  2x +x, 214
X —x =24
X, Xy 20
by solving its dual problem.
Dual problem-93 JNIF IR N6 LPP-G3 7 & F4 |
Minimize z=3x+x,
Subjectto  2x+x, 214
X —x =24
X, Xy 20
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=T LPP J#Te eI,
Minimize z=3x+x
Subjectto  2x+x, 214
X—x, 24
X, X% 20
D! dual FHEIT FHTE X |

(b) Solve the following LPP by Two Phase method:
Two Phase Method-43 AR WHETR® LPP-93 i« 41
gﬁ% TRUT fafer (Two phase method) §RT 7=T LPP HTeI ¥ ﬂg q

Maximize z=3x—-X,
Subject to 2x+x, 22
X +3x, <2
x <4
X, X 20

9. (a) Solve the following 2 x 2 game by using mixed strategies:
Mixed strategies &GN €A (VCH 2 x 2 (AR SN 3216
31 RO (Mixed strategies) 8% SRINT TR 7177 2 x 2 game FHTE {8 R]

I |3
4 |2

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

063 @e Transportation problem ¥ 5N (N FEIY FAKI (I 413
=T Transportation FRATEHT Te ST TR T T HTH T |

weow, Wy W,

K 19 30 50 10 7
F, |70 30 40 60 9
K 40 8 70 20 | 18

5 8 7 14

10.(a) Find the optimal assignment profit from the following profit matrix.
Ao (v el =TS I (ACF S SHNZACD AP (79 412
7= ST RITfeadTe SEH STTSTHC AT URiT oRITS I8 |

D D, D, D, D

ol2 4 3 5 4
0,17 4 6 8 4
o2 9 8 10 4
0,/ 8 6 127 4
o512 8 5 8 8

6077 9
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(b) Solve 2x4 game graphically.
TEF e 2x4 (LN EVAbas MR AT 1
=T 2x4 game FTthes TUHT FHTETT TR :

B
B, B, By B
412 2 3 -
414 3 2 6

1. Use Penalty method to solve the LPP.
Penalty Method BRI SNI(68 LPP-43 A (37 I
Penalty fafer J&RT RR =1 LPP ST T :

Minimize z=4x +x,
Subject to 3x+x,=3
4x +3x, 26
X +2xy<4
X1, X, 20

6077 10



