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Important Instructions

Candidates should read the undermen-
tioned instructions carefully. Violation
of any of the following instructions may
entail penalty in the form of deduction of
marks, cancellation of candidature,
debarment from further Examination of
the Commission etc,
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(a) Write your Registration Number and other
details only in the space provided in the
Question-Cum-Answer (QCA) Booklet for
candidates. -

(b) Do not disclose your identity in any
manner such as, by writing your Name,
Registration number, Mobile number,
Address, Question-Cum-Answer (QCA)
Booklet No. etc. elsewhere in the Booklet
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Do not write in the QCA Booklet anything
other than the actual answer such as couplet,
obscene, abusive expression etc., nor put any
sign/mark having no relevance to the answer.
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Do not make any direct/indirect appeal/threat
to the examiner.
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Do not write answers in bad/illegible
handwriting. Such answers may not be
evaluated.
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Write answers in ink only. Do not use pencil
for writing the answers. However, pencil may
be used for drawing diagrams, sketches, etc.

6 | a9 T ¥ Iver@ FU T qIEAwW F o A«rET 49
=t wreaw ®§ 92 7 o afega &6 aafiga
£ Feft ST T 7 S I A 7

Do not write answers in medium other than the
authorized medium in the Admission
Certificate. Do not use mixed language either
i.e. authorize and unauthorized media together
for writing answers.
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Write answer at the specific space (right below
the question) only. Answers written elsewhere
at unspecified places in the booklet shall not be
evaluated.
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If you wish to cancel any work, draw your pen
through it and write “Cancelled” across it,
otherwise it may be valued.
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QUESTION PAPER SPECIFIC INSTRUCTIONS

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

There are EIGHT questions and printed in HINDI & ENGLISH.

Questions no 1 and 5 are compulsory and out of the remaining, any THREE are to be attempted.

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.

Word limit in questions, wherever specified, should be adhered to.

Illustrate your answers with suitable sketches/maps and diagrams, wherever considered necessary. These
shall be drawn in the space provided for answering the question itself.

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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= EVALUATION INDICATORS

1. Contextual Competence
2. Content Competence
3. Language Competence
4. Introduction Competence
5. Structure - Presentation Competence
6. Conclusion Competence
Overall Macro Comments / feedback / suggestions on Answer Booklet:
1.
2.
3.
4.
5.
6.

All the Best
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then show that AB = 6/5. Use this result to solve the following system of equations:
x+y+z=5
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1. (b) amf?q%V?[v. (L)] =2 weis

r2

Show that Vz[V. (ri?-)] = r% where
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Determine the complete solution of the differential equation:
d?y
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1. (d)

-
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A particle is performing a simple harmonic motion (S.H.M) of period T about a centre O with
amplitude & and it passes through a points P where OP = b in the direction OP. Prove that the

time which elapse before it returns to P is % cos” (g) 10
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1. (e)

AT [2, 3] T x4 —-5x2 + 4 F ATAFAH 37T ~qa7 T 7 o)

Find the maximum and the minimum values x* ~5x” + 4 on the interval [2, 3]. 10

fEM) = M- Tu"—}-ﬁ

|
L) B o joma {Wem) | 293 jo
Cec erlrena
A lem) 20

=

Wa3 =jox
y(l«'nl-{d)%
> (@) (an-r) 20
Y ::faJ " a i@
Wow ) all \pa'w’r asgomp P L. Inleyval.
~ AL () o gy

¢ )
i Ez.,;] "[ S I e m’-Mij

™t ‘\nﬁtvy—‘.Q L

24+ M ensls Wy
}\kkvﬂ&.

e ‘((’L) D r“—;h‘t*\ﬁhu«s Owe /e(’_D

]
S YR STITRUMA,

ﬂ) ﬁ‘I ‘I"HM
(&Q ( ’-) 2,' @ l
WWW.visionias.in 14

:

Ll
ki k|
il Rreer
ey

3

Candidates
must not
write on
this margin



WWW.Visionias.in

Mo VY e

[

15

il wt
wfn

%4

Forerr
=it
Candidates
must not
write on
this margin



2. (a)

AT ST V siie W, R¢ #t e sgem itz §
V={(@a, b,cd):b-2c+d= 0}
W={@a, b,c,d):a=d, b=2c}

(i) V, (i) W, (iii) V n W =T 347 37 smams s s

Let V and W be the following subspaces of R*:
V={(a,b,c,d):b-2c+d=0} and

W= {(a,b,c,d):a=d, b=2c}.

Find a basis and the dimension of (i), V, (ii) W. (iii) VN W.
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2.4(b) | =TT x +y = u, y = uv FT T FF g0, THIHT [ | {xy (1 - x —y)}"2 dx dy FT Heft T x | o v

¥ wig ¥
g 8 Rrerm
=0,y =0aTIT x +y = 1 F 5T TAG &7 T ToATF4 11970 e
By using the transformation x +y = u, y = uv, evaluate the integral J| {xy (1 — x —y)}'? dx dy EZ';?:’;‘“
taken over the area enclosed by the straight linesx =0,y =0andx+y=1. 17 :‘;‘;‘;‘:‘:ﬁin
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2 (C)

7fT st {(1-x, x(1-x), x(1+x)} &7 {1, 1 + x, 1 + x2} F qOUE HHF T T2 Po(x) —

1 -1 2
Pox) FT amegg feqorA=[-2 1 —1]‘;*?{,aaTmmma?rﬁ1m
1 2 3
1 -1 2
IfA=|-2 1 —1|is the matrix representation of a linear transformation T: P2(x) — Pa(x)
1 2 3 ; '
with respect to the bases {1-x, x(1-x), x(1+x)} and {1, 1 + x, 1 + x*} then find T. 18
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3 (a)

_+%+_ -1 ¥ fig P & o At st far fi = s fifo ode fg
fifsm & af a7 4PG ¥ 79 &, 57T G; 9 {3 & &'l P & o ardr afw«a star xy-
Wﬁﬁaﬁ%,ﬁa&ﬁ%‘r{%P%z—:(kz—a2)+§'(2c2—b2)+§=0wﬁwr%l

2 2 2
Find the length of the normal chord through a point P of the ellipsoid = + =+ = =1.
£ a? b c?

And prove that if is equal to 4PG3, where G; is the point where the normal chord through P meets
the xy-plane, then show that P lies on the cone.

X enpd sty o ¥ 0.3 piy o B
=Q@c* —a%) +5 (2" =b°) + 5 =0. 15
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1 0 0
3.)| aRA=|1 0 1] T4 ZTE0 B 9% quits n 23 F form, A"= A™2 + A2 [ &) s ASOFT T
0 1 0
EIGEAELR
1 0 0
IfA=|1 0 1‘ show that for every integer n >3, A" = A" + A’- . Hence determine A, 15
0 1 0
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X (¢)

UF WAF S F AT F AHA-ara % {7 97 €7 (0, 1, 0), (3, -5, 2) ¥ e F qHFT Y

st FrT, ST Mo S FT Fa0aer 5x -2y + 4z + 7 = 0 F AF =g UF geq T & T H
2l

A sphere S has points (0, 1, 0), (3, -3, 2) at opposite ends of a diameter. Find the equation of the
sphere having the intersection of the sphere § with the plane 5x -2y + 4z + 7= 0 as a great circle.

e |
e»\wdnm Bf‘&)ow
(=) (-9 (5foe0) Heleny
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4. (a)

Xy-THTd | &7 et T2 & FAT £ F

1 1
x3cos—+ y3cos =

f,{x,y)=[—j;+7——3 for,x,y # 0 2
0, =4
grT afvartaa FifSm (0,0) 97 f F wiaed A sashertaar it s Fifvm

Define a function fof two real variables in the plane by

x3cosi + v3cos 5
_f{x, "i’] — T f{)T, XY=+ 0

0 otherwise
Check the continuity and differentiability of fat (0,0).
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4. (b)

frg *liaﬂ‘ﬁ?mmj + J_';n}-'2 +eZ +2ux +2vy + 2wz +d=01TF Qi*faﬁ' =T F741 %,
2 2 2

FRE LI+ =48
a b [

> > LUe . PP
Prove that equation ax® + by’ + ¢z* + 2ux + 2vy + 2wz + d = 0 represents a cone if ST

=d.
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4. (c)

farg o &, amameor:, fdt o &g & wmemst 2 + )7 = 20z 77 &9 st 390 o a5

g, a7t &g 798 274 P+ %) + 8 (a =)’ = 0 7 Rum &, a7 37 A wfSreay § & a7 e
TF & 3l

Prove that, is general, three normal can be drawn from a given point to the paraboloid x> + y* =
2az, but if the point lies on the surface

27a (x° +37)+8(a—=z)*=0

then two of the three normal coincide. 15
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. . Fireard At
4. @) | [ /|y — x?|dxdy FT AR FST, SETR = [-1,1: 0, 2] g
Evaluate [f, /|y — x?|dxdy where R=[-1,1: 0, 2] 13
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5. (a)

U F7 qAAe T a6 (a, b, ¢) # E1 [SAT & T4T HET F FwHq: A, BT C fEgEt ww
T &1 [gelt O, A, BT C# =7t gu M F ¥ 7 fawgya w9 Fifvrw, 5121 0 Hq=-fag
&l

A variable plane passes through a fixed point (a, b, ¢) and meets the axes at points 4, B and C

respectively. Find the locus of the centre of the sphere passing through the points O, 4, B and C,
O being the origin. 10

Let- Az(H;O,cD B (o,u)o

T3 "
NOV\D) . zj \1“4&

@a\uo—\-:d'\ o t,lmx"ﬂ‘ JETV" o= (lﬂqu_Q_J
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—~9+
2 O v
A“/a!\')() (Ve on tud
a (=2
p v T - -

WOV’/ we_ Lnow ‘{-ﬂ""‘\—# e‘(uw.%a\ ”j\
T g e e el

Al pybaz>
~% “ A “*Va, —WNZ=0
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5. (b)

8 kg 91T #if UF Tz, FEATIT T § T AR T A Foool T TATIHA 21 I AL Y 9K s
1 %7 T F G o & b AT O, Fed 29 5 =2 F i F avae v atay o ) = §

a1 3T Firfs

A rod of 8kg is movable in a vertical plane about a hinge at one end and another end is fastened
with a weight equal to half of the rod, this is fastened by a string of length / to a point at a height
b above the hinge vertically. Obtain the tension in the sting. 10
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5. (¢)

FEfifm F e* cosx + 1 = 0% 31 a3 q&T F 419 e* sin x = —1 F1 UF FEaa® G

a2

Prove that between two real roots of e* cos x + 1 = 0,a real root of e* sinx = —1 lies. 10
wilpoe G

e
s Bt a ong | lrc,'\m{—é
M”“——P‘ =0

20
N o= , a3 tve
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5. (@) | AT FHF = a(1-cosh), (r, 0) T 24N T AF TR F AR FAT 0 77 iy, | T
STET (r, 8) ot ot &g ¥ mrwaer e For 31 -
Determine the orthogonal trajectory of a family of curves represented by the polar equation r = | S*ndidates
a(1-cos®), (r,0) being the plane polar coordinates of any point. 10 | writeon

I ; this margin
L]
ke G ven
>4

":q(lf—cm&)

|
T
§
L
s
$
{

wwm:jsionia;nh Y - -ﬁm ( G + mk&)-‘h(g:/)aj
o L C =




QecCQd @ =~ \
@+
Ly |2 “*i
e
(&nO) ( @;rc_f.(g o o COJ(—CED

2) cy= &'ﬂ@( J.‘F“’S@

&n8

o
o [v: ! ((—\-cozdl)

WWW.visionias.in

L

v Wied Suspened
SR Qs

53




5. (e)

afd 4 = x2yzi — 2x2%] + x22k,B = 271 + yj —x%k, 97 (1,0,-2) 9T %(}1‘+ B) #T
X

HIT 19 Hifo0) g

If A = x*yzi — 2x2%] + x2?k,B = 2zi + yj — x?k find the value of

az - —
505 (A + B)ar (1,0,-2). 10
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6. (a)

(D* + D% + 1)y = e */zcos ("—”(3) F1 g1 Fiform)

Solve (D* + D? + 1)y = e */2cos (xvfs) 20

O ven

pU 4 2 -
( —rof’)a‘—‘eka(fﬂ
=

gb\r:l{aj QJ]MO,)

MH'{-)’V“L*( ~ @420

P (3, | + (3
———— ]
- 2

WWW.visionias.in 56

L RS A G E R




| Yous , to ’}“l tvan"l':(,ub( ‘mkg,.{}
Yo= L e @(*G)
0" +0-t]

So% ] i/ 3
e )

[ fm) a(ﬁ

cn\] 9

ex | m(w) fio)
o e (4) ) el

o2& O +.g1.+1

DY D)
JDL'-logff Lo -0 .%

2
=

-f‘H
1 (4

___zgE f (\\(\)
www.visionias.in O‘-ﬂ‘}_%D -T‘.ﬂ-.-:‘%}’y

(ﬁ

te on



3 P23
Wz
%Y’ = '?ek@;@(wg)
=
AV

WWww.visionias.in

58




Www.visionias.in

59

this margin



6. (b)

THFT (px — y)(py + x) = 2p,FEp =g,ﬁﬁﬁqwﬁmwﬁwﬁﬁ(mﬁ)ﬁﬁqaﬂ1
T g it

Reduce the equation (px — y)(py + x) = 2p,wherep = g—%to Clairaut's equation and hence
solve it. 15
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6.%(c)

AT EYTEAT AT WAN F0F, GriwE W fEw oyt - 3y’ + 2y = 4t + e, y(0) =
1,7'(0) = —1 FT g o0l

Usi glpl tranfrm olve the initial value problem y" — 3y’ + 2y = 4t + e 3 3(0) = ﬁdidms
1,y'(0) = 15 | i
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7. (a)

www.visionias.in

e fOve UF F 7 IHF AT A F 9T T 64F F AT T9T AL F e v seforrg
(Brsam) a 79 21 1 five us = afasr &5 a7 w@r g, S sefairem aor #r oqsf F7ar 2
zaTzy & oF F1 wfewan F=re, e & aramaen faw s+ @, v3a 2

A body consists of a cone and underlying hemisphere. The base of the cone and the top of the

hemisphere have same radius a. The whole body rests on a rough horizontal table with

hemisphere in contact with the table. Show that the greatest height of the cone, so that the
equilibrium may be stable, is V3a. 15
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7. (b)

E =Y qieAt aren Yed o, PEEr 79 =AM g, F TR0 $fiT g8 F g [T F FA9E 9
qﬁ'mmﬁwamsar:mwkﬁlgqﬁqﬁﬁw:f%‘laﬁwﬁwPWIﬁé‘rw@a{)W
mmc,w%ﬁﬁv%mw kaz

aﬁawmmmﬁﬁmqﬁaﬁwammmamm

& T9T 2% F0T TedF g3 9T S a0

wheels and axle are m and k respectively, and the radius of each wheel is r. Prove that if the truck

is propelled along a level track by a force P, the acceleration is —me? and find the horizontal
+ 2
-
force exerted on each axle by the truck. The axle friction and wind resistance are to be neglected.
15
-
\
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7. (¢)

21 FTETE FT UF ATC (Hfarer) S a0 w It =7 (3f2) vt 2, v &ferT Y & 47 e
P 3% Q & @r=f g 1 zarfen fr a7 ware () 2(1 - %5!‘;-) 2, 52T h 91 ¥ Faa7 dift
gs Rafa & weg =7 &er (F7) 2

A cable of weight w per unit length and length 2/ hangs from two points P and Q in the same

2
horizontal line. Show that the span of the cable is 2/ (1 = % ) where h is the sag in the middle
of the tightly stretched position. 20
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8. (a)

SHAE-HYE B oTH FII0| AR FF F o0 Fear i e 1 afvamar £ifsm s a6
x =ty = tiz=2t ¥ O s o fiftm zatzy & o @ F B awar s
AT awmar

Derive the Frenet-Serret formulae. Define the curvature and torsion for a space curve. Compute
them for the space curve x = t,y = t%,z= §t3. Show that the curvature and torsion are equal
for this curve. 20

wWww.visionias.in 76

=
-
8 fore
=iy
Candidates
must not
write on
this margin



WWwWWw.visionias.in

77

L
#
e

il

Candidates
must not
write on
this margin



Egiccial ]
Wi 3
o

31

Candidates
must not
write on
this margin

WWW.Visionias.in

78




wWww.visionias.in

79

T ®t
¥ Wi 7
it ferere
=g
Candidates
must not
write on
this margin



8. (b) | =afzmfram i(e) = ti+ () j+ ( k v oA § a1 iy b4
T8l Ferer
Show the curve ¥(t) = ti+ ( ) ( zi k lies in a plane. 8 :Wdid
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s
this margin

wWww.visionias.in

80




www.visionias.in

81

Feirrd
wi &

forern
ey
Candidates
must not
write on
this margin

a4




8. (¢)

i g, bR cF R ami F P alRav = (x + y + az)i+ (bx+2y — 2)j + (—x +

cy + 2z)k AU g1 T HEAT F AT TH AG F dearwre FEerwt # fF=es (st se
|

For what values of the constant @, b and ¢, the vector V = (x + y + az)i+ (bx + 2y —

z)j + (—x + ¢y + 22z)k is irrotational. Find the divergence in cylindrical coordinates of the
vector with these values. 10
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8. (d)| IcF.d7, &1 qeaisa fifsm H,GETCX%W&W@?;?EW%@T?:%%I

Evaluate [c F. d7, where C is an arbitrary closed curve in the xy-planeand F = _3;:_+xzj : 12
x%ty
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SPACE FOR ROUGH WORK
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