(Gl Services (Main) Examination, 2024 PHKM-B-MTH

fota / MATHEMATICS
T94-uA 11 / Paper 11
RufRa a7 : &7 @2 SiferBaq 37% : 250
Time Allowed : Three Hours Maximum Marks : 250
Ty weaeet favie srgem

FGAT TV & I 37 @ GF Rl T AT &1 SqTYEF T3

a4 oz v & 9 7t @l & favrfa & aen @t sk sraet G 4 99 g E |

Fereff 1 For aier FvA & I AT 8 | :

97 g7 1 3% 5 HAar & aor @bl 3o § @ F9% @ 8 FH-8-FH U F97 G fbegl did Fo & IR Jlog |
Y% F97/91T & 3F IqF T R T E |

yo & I 3G Fifma A ¥ for@ TR Tz ST Ig@ e ¥av-9q 7 fEa T 8, SR 3 A H T
9@ J97-T5-IH (7. H.T.) Jasl & J@-Y8 W [l w7 | 51 S Ffeg | ifaga arerm & Sifaks 53
fordtt A & for@ Tg IR W FIF 7% T8 AT |

I3 FTTIF Fl, @ ITYH HiFS] HT TIT HNAG TA ITH! [Higee HNAT |

59 d% Ilelad 7 g, GHd TUT VeIact! Faicrd q17% 379l 4 JgF & /|

Yol & FRI B T FHFER B A | I} FET TE 8, @ FeT F I F1 T F ST T8 T8 IR ;AT T
& | F97-T5-3 (F.71.T.) Jas § Grell D157 5377 753 1 Iq% 379 F! T &Y & HeT AT heq |

Question Paper Specific Instructions

Please read each of the following instructions carefully before attempting questions :

There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in all.

Questions no. 1 and 5§ are compulsory and out of the remaining, any THREE are to be attempted
choosing at least ONE question from each section.

The number of marks carried by a question [ part is indicated against it.
Answers must be written in the medium authorized in the Admission Certificate which must be

stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space provided. No
marks will be given for answers written in a medium other than the authorized one.

Assume suitable data, if considered necessary, and indicate the same clearly.
Unless and otherwise indicated, symbols and notations carry their usual standard meanings.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a question
shall be counted even if attempted partly. Any page or portion of the page left blank in the
Question-cum-Answer (QCA) Booklet must be clearly struck off.
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Qg A
SECTION A

Ql. (a) Wﬁm%ﬁﬁmnW@WWG%,ﬁﬁmaﬁTn,(m>n)m
HEAE & | gUT3T fh G 1 HIfE m o1 3tfersh-a-31fires ush Suamg 2 |

Let G be a finite group of order mn, where m and n are prime numbers

with m > n. Show that G has at most one subgroup of order m. 10

(b) AR w=1flz), zF Th favafies wea ], 99 qurise &

2 2
(a—+;2] log |f'(2)| =0 |

If w=1f(z) is an analytic function of z, then show that

32
— + log |f'(2)| =0. 10
[6x2 ayz]

log dx & 3fEer w1 gheor Hifvm |

(c) (2 x

O ey DO

2
_log x

1
J@2-x) g

Test the convergence of I

@ IR x My F BeM ¢ AR y ATE GHHEG B TG F@ §, @
2T 6 z) = p + g, i = Y= 1 T forvaifies wort &, Faf p= 22— N qop

oy ox
29 ng

B x | oy

If ¢ and y are functions of x and y satisfying Laplace equation, then
show that flz)=p+iq, i=,—-1 1is an analytic function, where
N % , ov

- - 10
e s and q= 6x+ay
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Q2.

(e)

(a)

(b)

()

frefrfiga Yas e guen i gd wW % fore fgero fafy w1 swii Hiis
JAferehaHieRToT ﬁﬁm z =Xq + 2%y
ENGRED X]—Xg 2 3
2x; +X9 <10
X1, X920
Use two phase method to solve the following linear programming

problem : 10

Maximize z=X;+ 2X,
subject to X;—X923

X1, X920

H1ft 3 e & =E (SRA) fHgia i SUET F g, FTHA < f, > b

aHfire 1 i FIRG, T £y = 1 L ok
: : n:

Using Cauchy’s general principle of convergence, examine the

convergence of the sequence < f, >, where f, =1 + % + 51? ol 15
! ! n!

T 3 T Al THE H oIk quThRl ufdfera oTeeh @, @fhd sEehl
fqulia sTmavae &9 8 T A& 2 |

Show that every homomorphic image of an abelian group is abelian, but

the converse is not necessarily true. ' 15

9% Hoi Fd hIT S R 99 C 1z = e, 0.< 0 < 21, F IFEL AT Ik FW
IEERINED % 3k ¢ & gfifsr @ g 9@ (az—l)cos6+i(a2+1)sine

a4 - 2a2 cos20+1

%’ & a2 > 1 2

Find the function which is analytic inside and on the circle

(a2 —1)cos0+i(a? +1)sin 6
at —2a% cos 20 +1

on the circumference of C, where a2 > 1. 20

C:z=¢€ 0<0<2n and has the value
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Q3. (a) o flz) = : % IFAH qYT IAh! U1 (3HTEX) T IaT ST |
z(sin nz) (z + 5)
3 AR W fz) & @99 +ff 71 iRy |
Locate the poles and their order for the function f(z) = L =
z(sm nz) (z + 5)
Also, find the residue of f(z) at these poles. 15

® A S Uy, 0<x<1 F fEr $ifvw, feh T o @ F e
n=1

S.(x) = —21—210g(1+n4x2),xe[0, 1] % g fean w2 Ii’?ﬁgﬁ%ﬁ"ﬁﬁvﬁ
n
W TGRIG Bl A A G 8, TR S U! (®, [0, 1] | THEAH
n=1
AR 78 gt 2 |

Consider the series ) Up(x), 0 < x < 1, the sum of whose first n terms
n=1

is given by S,(x) = zizlog (1 + n*x2), x €0, 1]. Show that the given
' n

series can be differentiated term-by-term, though Z UI'l (x), does not
n=1

converge uniformly on [0, 1]. 20

(©) od Rrgia #1 Iwm # gu, Frafafaa Was soma gaen w ga SR
Wiﬁm z=4x1+3x2+x3
T3 T Xq + 2Xg + 4%g > 12
3xq +2x5 + X328
X1, X9, X320

Using duality principle, solve the following linear programming
problem : : 15
Minimize  z=4x; + 3xX9 + X3
subject to  x; + 2x, + 4x5 > 12
3%y +2x5 +x328
X1, X9, X320
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Q4.

(a)

(b)

(c)

quiteh! % q@d Z W U 999 Z[x] H fem i | 7@ i x g sifa
7[x] Y T USTEen S B | 2uis 6 S, Z[x] Y TH TS OrSTEed! @ Wik
St UreTaett T R |

Consider the polynomial ring Z[x] over the ring Z of integers. Let S be an
ideal of Z[x] generated by x. Show that S is prime but not a maximal
ideal of Z[x]. 15

[0, 1] ® sferfya fF=fefad wom £ & fow suft qen f= dWm wwree S
HifS -
(1-x2)12 gfe x qfmzT 2 |
fx) =
(1-x), e x 3RET 2 |

31d: guiEe & [0, 1] W f GHM GHEheH T8l 8 |

Find the upper and lower Riemann integrals for the function f defined
on [0, 1] as follows :
(1 —x2)V/2 if x is rational.
flx) =

(1 - x), if x is irrational.

Hence, show that fis not Riemann integrable on [0, 1]. 15

T HUHL HT HIH TauUH, ARG A, B 3 C I & it e,
s, Frchrar i A3 # Py 6 w2 | 9R &l st § @ @
rfrepTiEt & TerATaRer Y AT (FIR w9 H) A e R

AR
Al | feeett eE | dleehal | 998
A 16 22 24 20
B 10 32 26 16
® 10 20 46 30

I8 fraaa (sramsmee) Fra hIfT, S SAFTAr Y FF ARG i <AaH HT o
3R =gan wrra oft faifa Hifm |
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The personnel manager of a company wants to assign officers A, B and C
to the regional offices at Delhi, Mumbai, Kolkata and Chennai. The cost

of relocation (in thousand Rupees) of the three officers at the four

regional offices are given below :

Office
Officer Delhi Mumbai | Kolkata | Chennai
A 16 22 24 20
B 10 32 26 16
C 10 20 46 30

Find the assignment which minimizes the total cost of relocation and

also determine the minimum cost. 20
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SECTION B

Q5. (a) iz f AR f 3R g 37 Teaftd @Wag =0 & @8 Bod 8, a9
u = flx — kt + iay) + g(x — kt —iay),
o%u 62u_ 1 6%u
1 TH &A ¢ |

. 2
Grgf(x2=1“'1‘(“%7
C

Show that if f and g are arbitrary functions of their respective
arguments, then u = fix — kt + iay) + g(x — kt — iay), is a solution of
62—u+923=iag—u,whel'eo@:l——. 10
8X2 5‘}72 C2 8t2 C2
(b) TRE-SieA fafy grn FrfaRaa Was i fem &t ga Fifvw .
2x+3y—-z=5
4x + 4y—-3z=3
2x -3y +2z=2
Solve the following system of linear equations by Gauss-Jordan method : 10
2x+3y—-z=5
4x +4y—-3z=3
2x -3y +2z=2

(© (@)  (8D)yq 3N (FF);¢ o Tleg G0 &9 H ¥Hd G0ged F1q hIT |
(i)  (9B2.1A); 1 CIHTE FHIT 1A HIT |

1) Determine the decimal equivalent in sign magnitude form of
(8D);¢ and (FF)qg.

(ii)  Determine the decimal equivalent of (9B2.1A),,. 10

(d) GEHHE m qYT TS 2a H UH GGU UHEAH I8 U fueh &fas aa W
8 3 M Go5HH 1 T SAfth 36 T TH SR § g BR % =edl & | 30 g
9IS gr 77 i T8 gt {1 AR |
A rough uniform board of mass m and length 2a rests on a smooth

horizontal plane and a man of mass M walks on it from one end to the

other. Find the distance covered by the board during this time. 10
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(e)

Q6. (a)

(b)

T JaT8 1 o fava o,
0= %(x2+y2—2z2)

& grr fear man @ | aw @ s A |

The velocity potential ¢ of a flow is given by
b= %(x2 +y2 — 222).

Determine the streamlines. 10
gutse fop fgfom ameemma wientor

%0(x,y) 5 *0(x,y) 'y

6X2 ay2

@1 g, aiEm gfaey

0(x, 0) = f(x), X € (= oo, 00) & e TAT o(x,y) > 0
T | x| — 00 My — oo,

0, x€(—o0,00)y20

oo

f() d¢
(x, )=Xj s
o,y e BEs P

-_— 00

& w9 4 for@n S g B |

Show that the solution of the two-dimensional Laplace’s equation

oz y) | %9, y)
aXZ ay2
subject to the boundary condition
0(x, 0) = f(x), X € (= o, ),
along with ¢(x, y) — 0 for |x| — o and y — < can be written in the form

=0, XE (—o0,),y20

o0

f(&) d&
(x, )=Z j —_2 2 20
o(x, y . y2+(x_§)2

e =% Y = ABC + BC + AB ¥ fru adbaa uhwer (aiferer afe)
i | 4 P g s

A=10001111, B=00111100, C=11000100

% foru fonfa Y (vemm awoft) oft sm hifse |

Draw the logical circuit for the Boolean expression

Y = ABC + BC + AB. Also, obtain the output Y (truth table) for the
three input bit sequences :

A=10001111, B=00111100, C=11000100 15
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Q7.

(c)

(a)

(b)

aﬁ?fﬁa%w-’% +§ = 1, % U =quty, fe gomE M, &1 386 ad
a

¥ HEaq qAT I Heg W [HE ATl [T F AU, FSed AU HQ hiog |
fean mran R 6 fopeft oft forg W T xy o wWIIUT @ |

Find the moment of inertia of a quadrant of an elliptic disk

2 2
=) B 1, of mass M about the line passing through its centre and

a® . b*
perpendicular to its plane. Given that the density at any point is
proportional to xy. 15

Frafafaa as-wea axfismm
-0 2L -0 —x-y,
ox oy
%1 98 GHIH U3 TTd HIFIG, S fh a6 0= 0, xy = 1 MM F x +y + ¢ =0,
x2 +y2 + ¢2 = a2 ¥ B TORAT & |
Find the integral surface of the following quasi-linear equation
-0 2L s0-0L =x-y,
ox oy

which passes through the curve ¢ = 0, xy = 1 and through the circle

x+y+¢=0, x2 +y2 + ¢2 = a2 15

@) zﬁgrghﬂeswmmaag fram, 3

(i) <SR h=1% Y qaast (Sfusgea) fem
T ITT S fx) = 5x3 —3x2 + 2x + 1 R x = — 2 T x = 4 T GRS

HIT |

Integrate f(x)=5x3—3x2+2x+ 1 from x=-2 to x=4 using

1) Simpson’s % rule with width h = 1, and

(i) Trapezoidal rule with width h = 1. : 15
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(c)

Q8. (a)

(b)

A i o6 9 &=

B(X2 _y2)
( ) )= )
ks . 2 + y2)2

2Bxy

(2% 4y2)%

V(X’ y) W(X’ y) = 09

W&l B U IR @, AN rEdied varg & fore fa wefell @ dqse s
2 | 39 37 &F | TeEnl (TEifiees) oW w1 fufor Hifv |

Let the velocity field
B sy ] 2Bxy
o y) = e R vix; y)= s B o f wx,y)=0
&2 4 y2)2 (xf £ 322

satisfy the equations of motion for inviscid incompressible flow, where B

is a constant. Determine the pressure associated with this velocity field. 20
IR STashel Tefiehtor
¢ 2. 99
2 —+¢|=
ay(ax Sk s
%! fafgd w0 & wuaia w6 g HivT |
Solve the partial differential equation

o 2. 00
5G] rast( B 0] -0

by transforming it to the canonical form. 15

AT o AT FeA F SR T 1 UGN e Faferlaa stterst & 72+5) *
T 1 AT I

x: 1 2 3 4 5 6
flx) : 0 1 8 27 64 125
Using Newton’s forward difference formula for 1nterpolat10n estimate
the value of f(2-5) from the following data : 15
% 1 2 3 4 5 6
fix) : 0 1 8 27 64 125
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(c)

A wifSe fo6 weh 3Fd ga | 3 gHEIR, g9 e foudid arereE wfie 2a

1 gt W & | quisy foh wfia & ama am W@ afie

2 2
bggfﬂzzﬁg+z=c
x“ +(y+a) a

g0 & S €, Wl C Uk I B, qoi-fog Je@ w1 wex foig 7, oK wivad =i
e areft 1T y 1 3T B |

Suppose an infinite liquid contains two parallel, equal and opposite
rectilinear vortices at a distance 2a. Show that the streamlines relative

to the vortex are given by the equation

2 2
g ZEO =8, T g,
x“ +(y+a) a
where C is a constant, the origin is the middle point of the join, and the

line joining the vortices is the axis of y.
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