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Question Paper Specific Instructions

Please read each of the following instructions carefully before attempling 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 meaning.

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 Booklet must be clearly struck off.
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Ql. (a)

(b)

(c)

(d)

(e)

STH-D-MTH

@us A
SECTION A

7 AT R x; = 23 x,.1 =%, +20, n=1,2, 3, ..28 | guizw %
IHH x4, Xo, x:;,...ﬂﬁﬂ?ﬁ% |

Let x; =2 and xp,1 =+, +20,n=1,2, 3, .... Show that the sequence
Xq, Xg, Xg, ... 18 convergent. 10

aH AT 6 G =i n %1 wF W § | wisy R G e e S, %
SYHHE % THEU ¥ |
Let G be a group of order n. Show that G is isomorphic to a subgroup of

the permutation group S_. 10
X & aaa [0,3] W =T AR =T 1= §a i |
sin x 2
Find the supremum and the infimum of — on the interval (O, -g} ; 10
sin x

3 wft gy s B (o) T0 EiRT B Re 0 BeM f[é]‘ﬁaﬂﬁ‘a
fafmar 2 |

Determine all entire functions f(z) such that 0 is a removable singularity

off[é]. 10
arhl fafer = sEdWTe & g

2X+y
%1 I=AH TH, T
4x + 3y <12
4x +y < 8
4x -y <8
X, y20
3a hifvT |
Using graphical method, find the maximum value of

2X +y
subject to

4x + 3y <12

4x +y <8

4x -y <8

x,y20. ; 10



Q2. ( a)
(b)
(c)
Q3. (a)

STH-D-MTH

H ooy fo

t
ftt)=J' lsldx,
0

&l [x] Td 9t quf T B, S x ¥ B A x < SO 7, Hi G3iaT § |

() Trafia Hife g Tl e +, S8 £ Aawaa & |

Gi) Fuffa Hifsie aft arafas gt «, 5@ £ 9qq @ Afed g 981
2|

Let

t
f(t)=I [x]dx,
0

where [x] denotes the largest integer less than or equal to x.
(i) Determine all the real numbers t at which f'is differentiable.

(11) Determine all the real numbers t at which fis continuous but not
differentiable. 16

gftEn (Fet) aurehet fafer & swaumer & g fag fifse s

*® x sin mx
J. ——— dx =

T —ma
= 5 — 8 ;
0 a“+x 2

Using contour integral method, prove that
..' *° x sin mx

"5 5

L g ma - 15
0 a®+x 2

oM S fof F us &7 8 3 FIX] o+ 5gug, i F H Thdd T X H &,
T Tifad waT 2 | f(X), gX) e FIX] 591 g(X) = 0 % fou, gwize &6 @
a(X), r(X) e FX) 2 e fefe (X)) =1 =1 (g(X)) & °1d & Bier & 3R

fX) = q(X) . gX) + r(X).

Let F be a field and F[X] denote the ring of polynomials over F in a
single variable X. For f(X), g(X) € F[X] with g(X) # 0, show that there
exist q(X), r(X) e F[X] such that degree (r(X)) < degree (g(X)) and

fX) = q(X) . gX) + r(X). 20

TS o TR 2, x L, T Loy T9EY F |
Show that the groups Zp X Ly and Z,. are isomorphic. 15
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(b)

(c)

Q4. (a)

STH-D-MTH

T AR f=u+ivFF EH D={ze C: |z| < 1) T TH fgefs .
%o 2 | gIisY foh Do @t fermgeni o
u  %u B v v %l
o o2 e o
Let f=u+ iv be an analytic function on the unit disc
D={ze C: |z| <1}). Show that

=0

%u 9% o%v v
i e el
ox“ oy ox~ Oy
at all points of D. 15

TRt Tafdr & grr F=feriaa Was T g =t g i .
SAfereRasteRtur Shifs

z = 3%y + 5Xg + 4X3
ENGRED

2%, +3%9< 8

2x9 + 5X5 < 10

3xq + 2x9 +4x5 <15

X1, X9, X3 2 0.
Solve the following linear programming problem by simplex method :
Maximize

z = 3%y + 85Xy + 4X3

subject to
2xy +3x9 <8

2Xo + 5xg < 10
3x1 + 2x2 + 4x3 <15
Xl, Xz, X3 = 0. 20

o f: C > C W n> 1% foau, a9 <hifSw 6 £ S £ nal staeas
agifar & 3 £O = £8 | A <fifSe o £ o tan ooy Svaftes wom & e
foe fopdft n > 1% foqg, £@ &J =0,9 k=1,2,3,..% fu | eufse fos £
T oG B |

For a function f: C - C and n > 1, let £f™) denote the nth derivative of f and

£ = f. Let f be an entire function such that for some n > 1, ™ (%] e

forallk=1, 2, 3, ... . Show that fis a polynomial. 15
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(b)

(c)
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frefefias sfees gaen & fau, afe R @l f&Gfy & gr, omfis
FUTieh GETd B 1A ShITE qAT AT FTd hIIT |

T
D, D, D3 D, Dy
O1(1 4| 7 0 3 6 | 14
STW Oy 1| 2 |-3| 3 | 8 | 9 UM
Og|3|-1| 4 0 5 | 17
8 3 8 13 8
HIT

Find the initial basic feasible solution of the following transportation

problem using Vogel’s approximation method and find the cost. 15
Destinations
Dl D2 D3 D4 D5
Oy|4| 7 | 0| 3 | 6 |14
Origins Og | 1 2 =B 3 8 9  Supply
Og3| 3 |-1| 4 | 0 | 5 |17
8 3 8 13 8
Demand
u <fifere an T aTEfEE SEEe § autieey st S}
n=1
zzrize fp Aof) Z x, T T GARE an(n) 2 S 100 Y i@
=1 n=1
Bl @ |
Let Z x, be a conditionally convergent series of real numbers. Show
n=1
that there is a rearrangement Z xn'(n) of the series Z X, that
n=1 n=1
converges to 100. 20
5



Q5. (a)

(b)

(c)
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©uE B
SECTION B

(D?-2DD’' +D'?) 7= eX* 2 4 x3 4 sin 2x I A FIRMY,

NTgl
9 2
p=2 p=2 p2-9 p2_29 3,
ox oy ox? dy*
Solve (D% — 2DD’ + D'?) z = e* + %Y 4 x3 4 sin 2x,
where
2 2
Ei, D’Ei, DZE—a—,DQE—a——, 10

mIE-SeA faftr % g S B saren HIv gor 3w 4Ry %1 swe
AR

2 6 6

2 8 86

2 6 8
1 el e shifs |
Explain the main steps of the Gauss-Jordan method and apply this
method to find the inverse of the matrix 10

2 6 6

2 8 6.

2 6 8
Seft A frai o1 seamTer i gu el s

z(y+2z)(x+y+2z)
1 30 Taad &Y ¥ fafay | el & o s a9 9t Bt w5
3@ HINT | fou T sk qor IS wEaw §9 F AU GerHE gl S
319 IfmT St Feartug shifs |
Write the Boolean expression
z(y+2z)X+y+2)

in its simplest form using Boolean postulate rules. Mention the rules
used during simplification. Verify your result by constructing the truth
table for the given expression and for its simplest form. 10
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(e)
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UM xy-SHaE § [ T U9 a5k & a¥1 S 36k 95k [ g Hieg & =t Ffdw
+ 8 | 7

2 A2
ZX_‘:-}-(;Y‘: =1{x. ¥) V(x,y)eS%l

II‘FCIS%Wﬁ@(x,y)ﬂfﬁﬂ%%ﬂmSﬁmFWwﬁﬁﬁﬁ%,T‘h
firg IR 6 37 ol o @ FE T 8 f 76 w = wix, y) THE E @ |

Let T be a closed curve in xy-plane and let S denote the region bounded
by the curve I'. Let
2 2

6__\23+6__\;E =flx,y) V(x,y) €8S.

ox® 0Oy
If f is prescribed at each point (%, y) of S and w is prescribed on the
boundary I' of S, then prove that any solution w = w(x, y), satisfying
these conditions, is unique. 10

ZWTE fiF wh Srelgemehi &thet, TR SomE M 3 91 HUi& a9 b,
aﬁ-wm,ﬁwﬁawér%,ésséﬁémamjiM?ﬂzﬁaﬁnlaﬁ%
T

i o tar % il wee st O g Fm, el p e %

i 6t eread gl € |

Show that the moment of inertia of an elliptic area of mass M and

2.2
semi-axis a and b about a semi-diameter of length r is i- M 2 b

5M o

, where p is

prove that the moment of inertia about a tang W

the perpendicular distance from the centre of the ellipse to the tangent. 10




Q6. (a)

(b)

(c)

STH-D-MTH

AT AT Trfiehur
2(pq+yp+qx) +x2+y2=0
%1 U FHTRS T hIfTT |
Find a complete integral of the partial differential equation
2 (pq + yp + qx) + X2 + y2 = 0. 15

ﬁqnquwnﬂu_l,uo,ulaﬂ{ugﬁs%q,ﬁmm?@nﬁ
T o ST R | qEise 6 gweh)

2 2
y&2-1 o xxZ-1)
UX=YUO+XUI+—TAU_1'|I'—3!——AUO

% ®9 T fora ST Hehar 8, &l x +y=1% |
For given equidistant values u_y, Ug, uy and uy, a value is interpolated
by Lagrange’s formula. Show that it may be written in the form

Y(yz—l) x (x2 1)
3! 31

where x + y = 1. 15

U, = yug + xuy + Azu_l G E AZUO,

3 UHEAH BE AB, AC W, i Il% 1 GoaWE m g o 2a 2, Wy
lieh § A T et o @I Sl T R 94T 3 SRS "vaw W nfawe € | w6y t
W, 99da H R &9 JY Ox, Oy%’éﬁﬁﬁ@é‘iwwﬂﬂmaﬁﬁ%(gn)w
B AT B Ox S Y 6 + ¢ 1 BV §41e & | Rrg Hifdre s & 61 afest s

m[éz-f- ﬁ2+[%+sin2 cp]az é2+(%+cosz ¢Ja2 d)ﬂ% |

& T o T i % e wHiw B o sy AR, 1l west X, Y]
Tied T el ot & & Ay, A fag w fRar s @ |

Two uniform rods AB, AC, each of mass m and length 2a, are smoothly
hinged together at A and move on a horizontal plane. At time t, the mass
centre of the rods is at the point (£, n) referred to fixed perpendicular
axes Ox, Oy in the plane, and the rods make angles 0 + ¢ with Ox. Prove
that the kinetic energy of the system is

m[é2+ ﬁ2+(%+sin2 ¢Ja2 92+[%+0052 ¢]a2 ¢2:|

Also derive Lagrange’s equations of motion for the system if an external
force with components [X, Y] along the axes acts at A. 20

&



7. (a)

(b)
(c)
STH-D-MTH

2 8%z 8%z 9 6%z y2 oz x° oz
y —2~2xy R = +
ox ox 0y oy X 0x y oy
! fafea ®a 4 goria HifSe 3R sraqua sqe 5@ 31a HifSw |

Reduce the equation

2 6%z 6%z 9 8%z y2 oz x° oz
y —5 Xy R B S e e
ox ox dy oy X ox y oy
to canonical form and hence solve it.

RE

b "
3h
J. ydx:? [(Vo+¥y) +3 (Y1 + Yo +yg+¥s+ ..+ ¥y _1)

) +2 (yg +¥g + - + ¥ 3l
I ead HINT | T n W HI3 e 7 2 39 30 &l fAfge | foremm &
gﬁm%mﬁgﬁqﬁﬁﬁw%?
Derive the formula

b
3h ;
J. ydx=? [(yo+ ) +3 1+ Y+ Vs +¥5+ - +¥a_1)

a

+2(yg+yg+ ... +¥,_3l
Is there any restriction on n ? State that condition. What is the error

bound in the case of Simpson’s % rule ?

Ueh S 8 Ueh YaaTehl Afeterl § & fS@es &0 & = D qem d 2, o ash
g o @ 2 | afe vaw v am & Tmaan & qen Jfe amr sme fR fa
srafiadt 2 qon sigp-3d & i 8 @ 2, @ fag it fe

D2 ,2_v2
%2? e(v V)/2K—6ﬁ1-"’
&l K 99cd g TaHTioe g9 8 a9 79iEdt g |
A stream is rushing from a boiler through a conical pipe, the diameters
of the ends of which are D and d. If V and v be the corresponding
velocities of the stream and if the motion is assumed to be steady and
diverging from the vertex of the cone, then prove that

v _D? o?-v2/eK
Vo 42 ’

‘where K is the pressure divided by the density and is constant.

g




Q8. (a)

(b)

STH-D-MTH

feam gam 2 wforftar T wfe,
%y 2%,

aﬁc2=1,Taﬂﬁmﬂa?ﬁam%ammmm9ﬁsaﬂémW
2l

(1) STded a1 TR S gefed g Fd i |

t >0,

(ii) wfcergi
y(0, t) =0, y(, t)=0 & t &% fog
W[@] =), y(x,O):asinE,0<x<l,a>0
ot It —o l
* @y ot ga Feerfere |
Given the one-dimensional wave equation
&’y _ 28%,
ar S T
where ¢? = E, T is the constant tension in the string and m is the mass
m

per unit length of the string.
(i) Find the appropriate solution of the above wave equation.

(i1) Find also the solution under the conditions
y(0,t)=0, y(,t)=0 forallt

and [@] =), y(x,O)zaSinE, O<x<l,a>0. 20
ot |y — ¢ [

2qeAtrd fafr & fou yarg = & &9 ¥ we temiften faflaw | 3@ fafyr 6
fardperar &t feufaert = aofa hifs |

Write an algorithm in the form of a flow chart for Newton-Raphson
method. Describe the cases of failure of this method. 15

10



@ AR (x,y, 2) T W sl qe w1 am

2 2 |

3xz 3 3z° —r ¢

= 3;2, = ,rz=xz+yz+z‘3
r T r

% g a2, @ fag A fr g3 7fa aov R qon am fawa 2 R ) ek
r

i, grr-@ret 1 ot Ay i | |

If the velocity of an incompressible fluid at the point (x, y, z) is given by

2 .2
{3}{2 3yZ 3z r }, r2=x2'+y2+z2,

o r’
then prove that the liquid motion is possible and that the wvelocity
potential is 13 Further, determine the streamlines. 15

r
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