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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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QUs A
SECTION A

Ql. (a) §H AT % Ffe mn 1w wfifd @ G R, & m 31K n, (m > n) 39
A & | ST o G 1 Hife m 1 1ferss-a-31feh Toh IvaqE R |

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=1fz), zF T favafis o= B, a9 gurize fh

2 o2
=+ _|logif@] =0 ¥
{6}(2 asz og |f'(z)|

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

2 2
(a_ ; %2—] log |£'(2)| = 0. 10

2
© J'l"g"dxaaawﬁmmmqﬁmﬁﬁm
0

log x

dx
J@2-x)

Test the convergence of J. 10
0

@ A x dA y F HoM ¢ AR y AW FHEO FB TR T,
ST % fz) = p +iq, i = |~ 1 T fawcifirs wom R, el p =

L S
_ax+ay%|

a
_ N g
ox

2|8

q

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

p=@—§£ andq=a¢+%. 10

oy  ox ox

PHKM-B-MTH 2



Q2.

(e)

(a)

(b)

(c)

frfafiaa e T waen #1 ga v & fou g fafy & sgam Hifs
HAferhaie HITT 2 = x; + 2xy
ENCRED Xy <Xy 28
2%, +X9 <10
X1, X920
Use two phase method to solve the following linear programming

problem : 10

Maximize z=Xq+ 2Xy
subject to X;—X923
2x1 + X9 < 10

X1, X9 >0

RSt F Ao F =9 (See) fagid i ST N §U, A < f, >
ST Y e BTG, & £, = 14 = 4 = b

1! 2] n!
Using Cauchy’s general principle of convergence, examine the
convergence of the sequence < f, >, where f, =1 + % + % + ...+ l! : 15
! ! n!

ZuiEY 5 U oreell g P TAh GEIRR] Sfdfer el 8, wifhd g@ehl
foelia tmavas €9 ¥ T 7 2 |

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

the converse is not necessarily true. ‘ 15

o usdiblon: I[Gﬁ%qﬂC‘z=eie,03952ﬂ,a§ﬁ'¢lﬂﬂ1w%\-bq{
frdifis 2 o C 6 TR T R q @~ Deos@+i@” +Dsind

at _-2a2c0s20+1

%, GIET aZ>1 % |

Find the function which is analytic inside and on the circle

(a2 —1)cos~9+i(a2 +1)sin 6
at —2&12 cos20+1

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

C:z=¢e" 0<6<2n and has the value
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Q3. (a) oM flz)= % IFAS AT ITh! I (3ATE) FT gaT TR |
z(sin nz) [z - %J
¥ IdR W flz) & @y i 7 Hifdm |
Locate the poles and their order for the function f(z) = 1 g
z(sin nz) [z + 1)
2
Also, find the residue of f{z) at these poles. 15
® Af Y Uy, 0<x<1 F1 fer S, fed ved o W@ w1 dmea

=)

S.(%) = 2—12-10g(1+n4x2),xe[0, 1]%gmfamnm% Iaﬂ'ﬁ?ﬂﬁw"?ﬂﬂg%ﬁ
n

$ UGG IFEHO A S FHA B, F@E S U (), [0, 1] | THaaH
n=1
rfrafa T At 2 |

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

is given by S,(x) = ﬁlog (1 + n*x?), x €0, 1]. Show that the given
: n

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

n=1
converge uniformly on [0, 1]. 20

(c) od frgia =1 3w i gu, Frefrfiaa Was s wwen it 5w $ifv
r{«mﬁwﬁﬁq z=4x1+3x2+x3
F3d o6 Xq + 2%, + 4xg > 12
3x; +2X9 + X328
X1, X9, X3 2 0

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

(b)

(c)

QUi % aer Z W 9gue 9o Z[x] 1 famm Hif | 7@ e x gr s
Z[x] Y T USTEEn S B | guis {6 S, Z[x] Y UH NS OrSTEe @ AfhA
3fiss ToreTaE 7€ 2 |

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] & giefya Frefafed wom £ % fow suft qen fe S qureee w@
Hifd -
(1-x2)1/2 gfe x afmg 2 |
fix) =
(1-x), I x 3T & |

ard: gtse % [0, 1] W £ HuH qHTheE 76 2 |

Find the upper and lower Riemann integrals for the function f defined
on [0, 1] as follows :
(1-x2)V2 if x is rational.

fx) =

(1 — x), if x is irrational.
Hence, show that fis not Riemann integrable on [0, 1]. 15
Teh HUH BT IS JaUH, ARG A, B 3R C H &g waiet oo,

g, Fiewr R 395 § Py HE Tl § | 9% & wEiert § @ 39
SRt & ToHiar  ArE (F9R 9 #) e & e R

EapIE
Ffteprlt | feoeft Ges | i | 9
A 16 22 24 20
B 10 32 26 16
G 10 20 46 30

I8 Faa (srameai=e) Sa Hifrg, S TAMTawr i & ARG i =[HaH HT 2
3R =aw @mma off fuifa Hifs |
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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 :

Find the assignment which minimizes

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

also determine the minimum cost.

PHKM-B-MTH
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wvs B
SECTION B

Q5. (a) cuizy f afe f 3t g 7% daftd wad =0 & @8 Hod 8, a9
u = fix — kt + ioy) + g(x — kt —iay),

2 2 2 , 2

6_121+a—121=ia—u,3|€f Cf.2=1—k_%;

x2 oy’ (2% at? C2
%1 TH & 2 |

Show that if f and g are arbitrary functions of their respective
arguments, then u = fix — kt + ioy) + g(x — kt — iay), is a solution of
62—u+62—u=i32—“‘,Whereotz=1——~-. 10
2 oy 2 o2 c2
(b) TmRE-Sieq fafy gro Frafafea Was wfieo e+t ga Hifvm
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); % Tfag qitamr 9 # gvmeid a9qed A1a HIfT |
(ii)  (9B2.1A),, 1 TIHAE HHGET 1A HITIT |

(1) Determine the decimal equivalent in sign magnitude form of

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

(d) FENH m AT T 2a H TH GGU THEAH a8 U faed &fos aw W w@n
8 3 M goq"H 1 Teh =4fth 38 T T SR § gHL BR d% dadT 2 | 36 N
9IS gR1 7 i 7T% gt Fa i |
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)

U YaTg 1 an fava ¢,
o= %(x2 +y2 — 222)

& g fean @ | g Wl s Hiie |

The velocity potential ¢ of a flow is given by
o= %(x2 +y2 - 272),

Determine the streamlines. 10
Zutsy fo ffem wmeemm s

o(x,y) | %o, y) _

ax2 ay2

&1 &, i gfgey

0(x, 0) = f(x), X € (= =0, o0) & e T 0(x, y) — 0
T | x| — o0 Iy — oo,

0, x€(—00,0),y20

o0

y f(&) d&
M&ﬁ=—j S e
T y +(x—2)

% ®9 | for@n s gehar @ |

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

*o(x,y) | %6, y)
61{2 8y2
subject to the boundary condition
0(x, 0) = f{x), X € (= o, ),
along with ¢(x, y) = 0 for |x| — e and y — = can be written in the form

=0, x€ (~,),y>0

(= =]

f(&) d

¢(X,Y)=X J. HQng 20
Bd ¥ ax—¢)

Jeig =96 Y = ABC + BC + AB & fofu qdhama afigy (wfiforere afde)

difau | i faw g argshal

A=10001111, B=00111100, C=11000100

% foru ffa Y (wemm amoft) oft uw 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)

aﬁqﬁaﬁwﬁ +i_z = 1,% T wqyty, e gemm M 2, &1 366 ad

a2
¥ TEad 91 I9H Peg W oA aTell @1 % HOE, TgA AN Fid HINT |
fear man 2 fo fopeht oft forg W w9 xy % HwTEIT 2 |

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

b2
perpendicular to its plane. Given that the density at any point is

X—2 + =1, of mass M about the line passing through its centre and
a

proportional to xy. 15

Frfafga as-wea wHfiswm
L. APODRG | S
(y—-9¢) 5 + (¢ —x) 3y X-Y,
1 98 GHIHS J53 1A hIo, S fF a9 =0, xy= 1AM FA x+y+ ¢ =0,
)c2+y2+q)2=a2 QWW% |
Find the integral surface of the following quasi-linear equation

2 o0 o
(y ¢)ax+(¢ X)ay X-Y,

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

Xx+y+0=0, x2+y2+¢%=aZ 15

G e h=1% @y e g. fram, 3

(i) <ERh=1% 9y g (fUses) fm
Wmmﬁx)=5x3—-3x2+2x+1?[)(:—2?{)(:4?755?{1:[1%7{

i |

Integrate flx) =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 efifore fok o &

B(x2 - y2)

ux,y) = 5 v(x,y) = —————

(x2+y2)
W&l B U IR 2, AW IrEdied arg & fow nfa wefien i d@qse s
2 | 39 97 &7 ¥ "eanl (vEifdeee) g @ futor Hif |

Let the velocity field
B(x? - y2) 2Bxy
ux,y)= —5—, v(x,y) = ,  wxy)=0
(X2 73 y2)2 (XZ 3 y2)2

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

is a constant. Determine the pressure associated with this velocity field. 20
T Srashel HHffehtor

i 7, 4 M By
ay[ax+¢]+2xy{ax+¢J 0

i fafga w9 o wuafa w6 g Fifvm |

Solve the partial differential equation

9 (%% 2ol B9 o1 o
ay(ax+¢J+2xy(ax+¢J 0

by transforming it to the canonical form. 15

JqAYE o fTC = F i g 1 399N e Freffaa sifwsi @ 12-5) &
T &1 3MheA hifT

X: 1 2 3 4 5 6
flx) : 0 T 8 27 64 125
Using Newton’s forward difference formula for interpolation, estimate
the value of f(2-5) from the following data : 15
X: 1 2 3 4 5 6
flx) : 0 1 8 4 64 125
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(c)

M ST fF v 3Fa g ¥ @ guEieR, e aun faudid aedie yfie 2a

1 gt W & | quisy T wfia & ame ar @ s

2 2
g T, ¥
x“ +(y+a) a

g € TS €, SRl C Uh IR R, qoi-fog Je@ 1 mew foig R, o wiwd
e aTeft 3T y T I R |

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

8 o .8
lagiE NN to —g) +¥ =,

xz+(y+a)2 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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