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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

Question Nos. I and 5 are compulsory and out of the remaining, THREE are to be attempted choosing at
least ONEfrom 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 ofthe page left blank in the Question-cum-Answer
Booklet must be clearly struck off.
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Q. 1(a)

Q. 1(b)

Q. 1(c)

Q. 1(d)

VB3

SECTION—A

fti* in? V, « (1, 1, 2, 4, V2 - (2, -1, -5, 2), V3 - (1, -1, -4, 0) cWT
va= (2,1, 1, 6) tfti+ta : FRfa #i M VS-Mt 2 Atre % wo $F WH i
The vectors Vj - (1, 1, 2, 4), V2 - (2, -1, -5, 2), V3 = (1, -1, -4, 0) and
V4 = (2, 1, 1,6) are linearly independent. Is it true ? Justify your answer. 10
PIHfcHfed 3 WitcT AT dr*M I frIfCR

"l 2 3 4"

2 14 5

15 5 7-

8 1 14 17_

Reduce the following matrix to row echelon form and hence find its rank :

"1 2 3 4
2 14 5
15 5 7
8 1 14 17

10

frRfeffefl tffaT *TR fATIicR :

2N

Evaluate the following limit:

10

PIHIelfifI'tf HHWIA 7PT

Vsinx
Vsinx + Vcosx

Evaluate the following integral:

§

Vsinx
10

%-&PZ-0-tf35r&i 2



Qle a ~ ERTM £ K X - 2y+z+12=0 NR

X+\R2+2-2x-4y+22-3=0 Fef TOTt I FI¥ 10 t
For what positive value of a, the plane ax - 2y + z + 12 = 0 touches the sphere
X+Y2+72- 2X- 4y +2z - 3=0and hence find the point of contact. 10

100
Q2 lift 3T A=10 1 ga3nc® ad to ftffair
010

100
Ifmatrix A= 1 0 1 then find AR 12
010

Q2b N OGuatKzz N ~ RIT %l tz $ IR CPT 2, dt
3TOR  fATT  3TITO |
Aconical tent is of given capecity. For the least amount of Canves required, for it, find
the ratio of its height to the radius of its bese. 13

Q2 PmidiNg TR % FPFT T vo FFH TO

1 1 3
1 51
311

Hnd the eigen values and eigen vectars of the etrix :

113
151
311

Q2d ~ Syz - 8x- 3y =0 A cF¢( AN WV
Bx =3y =2zit, da Jr it i
If 6x = 3y =2z represents one of the three mutually perpendicular gererators of the core
Syt +82x - 3xy = 0 then dotain the egquations of the other two generators. 13

Q 3@ VIR Te AV ofAV* 11 nft
T@pa*ad=(2q +59 +a,-3at +% - a3 -a, + 22+ 33

Nt 11 era 3nar<
V=(0Ir0) W=(,21) \W=@B-1 1)
3MF T to i

QEIX>-8& &t
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Let V=R3 and T € A(V), for all a}e A(V), be defined by
T(ap a™ a3) = (2a{+ 5" +~ _ 3sy + % - a3 -aj + 2a2 + 3aj

What is the matrix T relative to the basis

V,- (4,01 V2=(-1, 2, 1) v3- (3,-1, 1) 7? 12

Q. 3(b) X2+y2+z2—1 T (2, 1,3) 3fg<tH ri
Which point of the sphere x2 + y2 + z2 = 1 is at the maximum distance from the point

(2,143 72 13

Q. 3(c) (1) Wrier fr+IfcTi’ 2,3 )~ (4,-5 3)% t T

x-m $ wArrr 11

Obtain the equation of the plane passing through the points (2, 3,1) and (4, -5, 3)

parallel to x-axis. 6
(i) finite
x~a+d_y-a_z-a-d X-b+c=y~b=2z-b-c
a-8 a a+5 P~Y P P+Y

11~ ft, A NreieT
ftw 11

Verify if the lines :

x-a+d_y-a z-a-d X-b+c_y-b_z-b-c
a-5 a a+5 atC P~Y P P+Y
are coplanar. If yes, then find the equation of the plane in which theylie. 7
Q. 3(d) fAT SHPficH N

J\] (x-y)2cos2(x +y)dxdy
R

t, Ittf Wawr (71, 0) @71, 70 (7L 27) (0, M t !

Evaluate the integral

JJ (X - y)2cos2(x +y) dx dy
R

where R is the rhombus with successive vertices as (n, 0) (22, 7) (71, 27t)(0, 7). 12

V-PTPZ-'O-'&Bxm
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Q. 4(a)

Q. 4(b)

Q. 4(c)

Q. 4(d)

PIHfrftekl JIFT Rf~rfcfq

[V 1y-xT7] dxdy
WT R=1[-1,1;0, 2].

Evaluate Ii VI1y-"21dxdy
R

where R = [-1, 1; 0, 2]. 13
R4t fAn -m *rg"RT

{2, 0,0,0),(0,10,0), (1,20 1),(0,00, 1}
SIT fAnfer 11 ?TcwA m iK

Find thedimension of the subspace of R4, spanned by the set

{(1, 0,0,0),(, 1,0 0), (1, 2,0, 1), (0,0, 0, 1}
Hence find its basis. 12
X2+y2=2z " NREIET RIICT
X=0 ACMI? R OT WRT T jasil Aeft f

Two perpendicular tangent planes to the paraboloid x2 + y2 = 2z intersect in a straight line

in the plane x = 0. Obtain the curve to which this straight line touches. 13
it TeFT
x2—2x—Jy > y)* (0, 0)
0,0
fx,y= X+ Y
0 (x, y)=(0, 0)

N AT FRTeir ~ 3T epfteT
For the function

X22G1Y 5 (x y)*(0, 0)
f(x, y)= X ty

0 (x, y)=(0, 0)

Examine the continuity and differentiability. 12

+0



Q. 5(a)

Q. 5(b)

Q. 5(c)

Q. 5(d)

Q. 5(e)

V-&r°z~0-2£8? &t

SECTION—B

PIHIFIftRT 3T KT MWTTW ~  FeT
XCOSX— +Yy(xsinx +cosx) = I.
dx

Solve the differential equation :

xcosxjy +¥(xsmx +cosx) = 1. 10

X
PIHfclfad 3T~cT FcT
(2xydey + 2xy3 + y)dx + (xXV2y - x2y2- 3x)dy = 0.

Solve the differential equation :

(2xydey + 2xy3 + y)dx + (x2) N - x2y2- 3x)dy = 0. 10

A AcT 3T~ (WFT/QJT.) ~  TFT t, 3MFT ‘a’ " 3|lckf+ld “J* f |
2

AN TTIST PIieT $ -a M 9T fcT"m PTT OG8F, ~ 3TR?jwr

T ~cfT «rg, A » TO 3VHT TIIIT MFAT |
A body moving under SHM has an amplitude ‘a’ and time period *T\ If the velocity is

trebled, when the distance from mean position is ga >the period being unaltered, find

the new amplitude. 10
8 kg T noNfsrr (T A M  HK wt A "TT WATPT 11 A
M I i\ % "RTH % b TR, 3;sf TT w ~r 8

wzm *rcw w11 Tttft A i

A rod of 8 kg is movable in a vertical plane about a hinge at one end, another end
is fastened a weight equal to half of the rod, this end is fastened by a string of

length / to a point at a height b above the hinge vertically. Obtain the tension in the string.

10
AmEN x2+y2+22- 9=0 FMz=x2+y2- 3 $ fr8 (2,-1,2)"
or I
Find the angle between the surfaces x2 + y2 + z2- 9 =0and z = x2+ y2- 3 at
(21_112)' 10

+o



Q. 6(a)

Q. 6(b)

Q. 6(c)

Q. 6(d)

Q. 7(a)

Tj-znKZ-0-rtSr&t

x+y)afrT (4x2 + 2xy + By)dx + (2x2+ 9y + 3x)dy =0  ti'Hi*cn
t otV AN | deMSHIt™ 37c¢T tldw*°l T ST fAhlfal' 1

Find the constant a so that (x + y)a is the Integrating factor of
(4x2 + 2xy + 6y)dx + (2x2 + 9y + 3x)dy = 0 and hence solve the differential equation.
12

A wrm *nr A AN m 4 Kkgt, $ wr Ni<m
M fo fat NN PRTT Asftrr yJTTA A f | $

60° I 1 fAPTT $ ST W#

>t <fon N

Two equal ladders of weight 4 kg each are placed so as to lean at A against each other
with their ends resting on a rough floor, given the coefficient of friction is |i. The ladders
at A make an angle 60° with each other. Find what weight on the top would cause them

to slip. 13
gft ~ "5 Xx2- nyz = (X + 2)X 4x"N +z3=4(1,-1,2)TIT
e&f X n PHfcIHI

Find the value of X and ji so that the surfaces Xx2 - pyz =X+ 2)x and 4x2y + z3 = 4

may intersect orthogonally at (1, -1, 2). 12
A 13r~fa, N 3% M?wt; ‘a’

t Nrro 11 A arrrm W htgjr- MfAr

A mass starts from rest at a distance ‘a’ from the centre of forcewhich attractsinversely

as the distance. Find the time of arriving at the centre. 13

(i) ftHfctf&d dMIfl fAT wMX STIRE MAT

3 "5
T *? ) s2+25
(i) ciiKiiti  "HIcK "SIART Pl*-ifeiRaa
y'+y=ty0) =1y(@0)=-2

% fArferm

(i) Obtain Laplace Inverse transform of

(i) Using Laplace transform, solve
y"+y=ty0) =1y - -2 6+6=12

7
-+



Q. 7(b)

Q. 7(c)

Q. 7(d)

Q. 8(a)

Q. 8(b)

XP ~ulo A A 3MER A AT «ld t, RTMN WTIHT ~
HSf fTTT R ¥F§ t AT r 32%ffa t | ?Fg ° ANgITdx Mt
$ 3IMOIC *1T A t ArHTMT t I~ A~ AT 3fsftM AT 30° 2 h
?t, <t A Al %r u fASHfAT AMtfAT
A particle is projected from the base of a hill whose slope is that of a right circular cone,
whose axis is vertical. The projectile grazes the vertex and strikes the hill again at a point
on the base. If the semivertical angle of the cone is 30°, h is height, determine the initial
velocity u of the projection and its angle of projection. 13
F=(Xx2+xy2i + (y2+ x2)j
N felT w | *k<Titd W Sfa F AN A m: W AMAT |
A vector field is given by
F=(x2+xy2)i + (y2+ x2)j
Verify that the field F is irrotational or not. Find the scalar potential. 12
X =py- p2
Al Set PIMfctU, 3BT p=vyv
dx
Solve the differential equation
PY ~ P wh il 13
X = PY~P wherep=— .
m iii to v fAr frfar farfr w A
A E N farfr £ 3 i
Find the length of an endless chain which will hang over a circular pulley of radius ‘a"
so as to be in contact with the two-thirds of the circumference of the pulley. 12
NN ok < % 3¢, N oo srtr sfr A f, A 11
Ary A Tmf A Trg™ T a bt (@a>Dh), *TPf W |

A particle moves in a plane under a force, towards a fixed centre, proportional to the
distance. If the path of the particle has two apsidal distances a, b (a > b), then find the

equation of the path. 13

V-&7°Z-0-tf82&% 8



Q. 8(c)

Q. 8(d)

V-2rp°z-0~'tf$2&%

PfHfcife'd ~TPT

| e"x(siny dx + cosy dy)
C

/

AST CA ztm f, PRTA (0, 0), (7t, 0), v 2y
"

Evaluate Je *(sinydx +cosy dy)}where C is the rectangle with vertices (0, 0), (n9 0),

f
" * 9 12

fAT ReT A

»4 ddy +6x3d—€3-/l+ 4x2d_2¥/- 2x$/- 4y - x +2cos(logcx) .
dx dx dx dx

Solve :

AN -j + BX3N-y +4x2MN-~-2Xx — -4y =x2+2cos(log x) 13
dx4 dx3 dx2 dx

+©
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n N fiRfafisTfl fiM ~ fAn 'ffraqin* )

n $IA3BHI3OTIN*ITTI*ft %<$ ~ 3M ~Nof
aulkcM ~ n % 3R "N 11
TO WSIT 1 3fK 5 3?tof | cmi 3Tt rot 3 $ TRIIWN $ Hcfi WR cffaTO! % 3tR
ilrxh OT/7FT % FYICT 3R> "B W& 1M~ f
to! % -M S#iftT *n«ra ™~ % ! *rA tesi 3#a W& IdMM3to ~wr I, afaw Tmzm“~rto
TO-W-~"tR (o #0 T*0) "fAT % Tg&FfS~ M s WR ~ to ®mBRL Tnfrfef 3R?
fofl "RIW? A~ Rtd ~ 3tR N «$] 3™> "P-R
gfe 3mw z it, dt AREEAN § EAZ(p! vrnrn M s N fA
B n G2 Atn 3 3t 3 sp> fi
3ERt% Mml -AA¥H1 O T/ K Nt NN T 3AME % 3rR A A APTcH N *oerft 3$TO N
NHi 3 wft N~ A &M\ YR % vt Tgk: wiz <?tfNi

MATHEMATICS (PAPER-II)

Time Allowed : Three Hours Maximum Marks : 250

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.

Question Nos. 1 and 5 are compulsory and out of the remaining, 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 medium other than the authorized

Assume suitable data, if considered necessary, and indicate the same clearly.
Unless 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 Booklet must be clearly struck off.

e-ffVX-0-RB8B/35 1 [P.T.O.



A / Section—A

Arn2?n'# AT |

How many generators are there of the cyclic group G of order 8? Explain.

(X 4%~PJp {e, a, b, ¢}

3

fe>

t

e dr™W (snfifefe)

Hfl B

«H5"™

Taking a group {e, a, b, ¢} of order 4, where e is the identity, construct
composition tables showing that one is cyclic while the other is not.

(b) ~

Wi

test mm

%

to

5+5=10

n

Give an example of a ring having identity but a subring of this having a
different identity.

() W ~(-i)n+1-JL_ % vfivm

n=1

n +1

vfasm

0o

N

Test the convergence and absolute convergence of the series V (-)d+1—-—--.

n=1 A+l
(d) % W I VX, ijj- \n{x2 +T/2) +x +iyM "t W f u[x,
/(2}=u+iy Z% N NN ATTT]
Show that the function v{x, AN=In(x2+y2)+x+y is harmonic. Find

wW

its

conjugate harmonic function u{x, k). Also, find the corresponding analytic

function fzZ\ =u +iv in terms of z,

(e) ftnfafed

wmi T&

Mt~

% frR wi:

Solve the following assignment problem to maximize the sales :

C-71VX-0-RBHB/35

m O o ©® »
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Territories ($fc)

/g
4

15
13
12
13

m
5
13
12
15
10

o 0o 0o N o Z

10

10

10

10



2. @ ~ RT& I, 1°FT 1% AW R STFATCA /2 (j? onto R') A

Whiten ()t, ¢t /? cdrHv 37?2 0 11
If i7 is a ring with unit element 1 and <is a homomorphism of R onto R’,
prove that $1) is the unit element of R'. 15
o) W i
*
/W = In* n+l n
0, x=0
ftRH 1? gte£/{X)dXx MN"HP

Is the function

"~ < X < -i-
/(*)=" n+1 n
[0, x=0
Riemann integrable? If yes, obtain the value of Bf{x)dx. 15
(C) w i /(z) = — 2z 3 -~ % 2 = 0 % c M 3 3m rtf A to
z2-3z +

Find all possible Taylor's and Laurent's series expansions of the function

2z-3 .
/(2)- - about the point z - 0.
z -3z+2 20
3. (@ 3*=fa Wi NN
r e2+1 dz; C:\z\-2
z{z + ){z-~1)'
*TRte#pr]|

State Cauchy’s residue theorem. Using it, evaluate the integral

¥ 62 +1

-—g- ¥1— dz; C: |7]=2
Jc z{z+\){z-1)2 15
(fy MV ————% fIG
n=i (1+n2x2)
Test the series of functions V -—X__ for uniform convergence. 15
n=l +n X )

C-?TVK-0-RBaB/35 3 (P.T.O.



TtoPH wm\ TK
"NYY Z = X] +2X2-3x3 +4x4

ft
X\+X2 +2x3 +3x4 =12
X2+2x3+x4 =8
x> *2> X3> 1A

Consider the following linear programming problem :
Maximize Z = x{+2x2-3x3+4x4
subject to
X:+X2+2x3+3x4 =12
X2+2x3+x4 =8
Xj, X2, x3,x4 £0

I 3R 3TO 3Wt fFcTW 1?

Using the definition, find its all basicsolutions.Whichofthese are
degenerate basic feasible solutions and which arenon-degeneratebasic
feasible solutions?

@ smnfl™~*Fra
IN?

Without solving the problem, show that it has an optimal solution. Which

of the basic feasible solution(s) is/are optimal? 20
W fWeffecl Wpm W | ¢l T f? HT% dr T
% n r:
Do the following sets form integral domains with respect to ordinary addition
and multiplication? If so, state if they are fields : 5+6+4=15
(i) b42% A~ n b N

The set of numbers of the form bj2 with b rational
(i) m

The set of even integers
(iii) NMHtins<

The set of positive integers

X2+2y2<1™~"W | /(X, Bf=x2+3y2-zy% TO ftndH ilRt

TO N tfA

Find the absolute maximum and minimum values of the function
/(*>y)~x2 +3y2 -y over the region x2+2y2<1. 15

C-ffvZ-0-RBHB /735 4



f/

ftofaf&s imn mvn ? ot jwft left m m fAfA A A
wm\ » TIRYt 3 left wm\ ~r ~ n

srtepten Z =2X1-4x2 +5x3
%
Xj +4x2 -2x3 <2
-Xt+2x2+3x3 £1
Xj, X2, x3 £0

Solve the following linear programming problem by the simplex method. Write
its dual. Also, write the optimal solution of the dual from the optimal table of
the given problem : 20

Maximize Z -2 xx-4x2+5x3
subject to
XL+4x2-2x3 <2
-Xj +2x2+3x3 £1
Xj, X2, X3 £0

Tgvz—B / Section—B

ETftOT

Q2+z22-x2)p-2xyq+2xz=0

=— cmlg=~,"t
P dx J 3y

Solve the partial differential equation

{y2+z2- x2)p - 2xyq+2xz=0

where p=3—Z and q =d_z.

dx dy 10
(D2+DD'-2D/2u =ex+y N~ N AN Atj]D =AY B =—

3% 3/
Solve (D2+DD'- 2D'2)u - ex+ty, where D=~ and D'=A . 10
3% 3/

((pag) =» 1) v {pAq) -» -r) % frR dfa p,g,r3 (STaren

fAfrofer A (1] fan » ™ Mut 1%

Find the principal (or canonical) disjunctive normal form in three variables
p, q, r for the Boolean expression ((paq)-»nNv ((paq -»-r). Is the given
Boolean expression a contradiction or a tautology? 10

C-HV2-0-RBHB/35 5 [P.T.O.



(d) x-fan 3 mt? /0  inK ton ani » AT A i
3rtb w i t'\n "t fAra'm jnfcifta C&t"h) ffcg *ft tr

Consider a uniform flow UO in the positive x-direction. A cylinder of radius ais
located at the origin. Find the stream function and the velocity potential. Find
also the stagnation points. 10

(e) VcFWm x2+y2+z2=2a2, z20 % OZ~-m % NSr3-

Calculate the moment of inertia of a solid uniform hemisphere

X2+y2+z2=a2, z> 0 with mass m about the OZ-axis. 10
hr ?
6. (@ pcos[x +jJ)+qsin (X +1t) =z, p=— dvlq—{)— , n Ath\
dx dy
Solve for the general solution p cos[x +y)+qsin (x+Yy) =2z, where p =%Z and
X
9z
dy 15
fbj WTC n efefi PIFITN A~ -
ftl
Solve the plane pendulum problem using the Hamiltonian approach and show
that H is a constant of motion. 15
() w r 3Tt N'M ia n wt |
X : -1 2 3 4
f{x) : -1 11 31 69

/ (1-5)in?intftm
Find the Lagrange interpolating polynomial that fits the following data :

X : —1 2 3 4
f{x) : -1 11 31 69
Find/(1-5). 20

wWF-uxx+li=0, O<x<f, >0
u@ H=uEH=0, t£O
ux, 0)=x(/-x), 0<x</

C-ffVX-0-RBHB/35 6



Find the solution of the initial-boundary value problem
ut -Uxx +Ti —0, 0<x<lI, t>0
uO, H=u{l, =0, t£O0
u{x, 0) = x{l-x), 0<x<l 15

(b) swm h - 02 % ‘Ajiid A tth

N TXeX), 2)=3 B STeRia 2, 2-4] 3W AN
X

Solve the initial value problem E =x[y-x), ¥Y{2 =3 in the interval [2, 2-4]
X
using the Runge-Kutta fourth-order method with step size h = 0-2. 15

(c) TN % n | :
H =— -bgpe~at +— g2e~at{a+be~at)+—q2
2a 2 2

a, b, it foA] | <h<™ R7Nilieh N 7knp udd <gHQ"a 1

A Hamiltonian of a system with one degree of freedom has the form

H = —---bgpe~at + — q2e~at{a+be~at)+ 2
2a 0P 24 ¢ A

where a, b, k are constants, g is the generalized coordinate and p is the
corresponding generalized momentum.

(i) % "FRI»
Find a Lagrangian corresponding to this Hamiltonian.
(9)] n n N to N N osnfaci 1
Find an equivalent Lagrangian that is not explicitly dependent on time.
10+10=20
8. (a) srifte wfam
XZEZL_J _gxy___(_j_z_g_+y2 - - +)gu_ +yg'I =0 n
dx dxdy dy2 dx dy
n n -# 1N gstt to w i
Reduce the second-order partial differential equation
2 d2u 9 d2u | 2d2u du du _ n
X — - -ZXY - +tyz—- +X— +y— =0
dx2 dxdy dy2 9* dy
into canonical form. Hence, find its general solution. 15

e-nV2-0-RBOB/35 7 [P.T.O.



10x! -2x2-x3-x4=3
-2Xx2+10x2 *~x3 - x4 =15
-Xj - Xx2+10x3-2x4 =27
-XX-X2-2x3+10x4 =-9

AWi T ("R ALEA) |

Find the solution of the system
I0OXj-2x2-x3-x4=3
-2xj +10x2-x3-x4 =15
-Xi - X2+10x3-2x4 =27
—X] ~x2-2x3 +10x4 =-9

using Gauss-Seidel method (make four iterations). 15
(©) ft 3TO: RT3 tFTcTrg 24 )21 % TTAW 1 3*fAcEl A I m i 3

31 non N 3M? spjoftt |, ft gqroTO “RI

irf\ o

In an axisymmetric motion, show that stream function exists due to equation
of continuity. Express the velocity components in terms of the stream function.
Find the equation satisfied by the stream function if the flow is irrotational. 20
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