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Question Paper Specific Insiructions

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

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

Candidate has to attempt FIVE questions in all,

. 4 b L Al A T T le sl
Questions no. 1 and 5 are compulsory and out of the remaining, any THREE are to be attempted
choosing at least ONE question from  ach section.

The number of marks carried by a question / part is indicated against if.

] ; ; : e ] wrtificate whie =
Answers must be written in the medium authorized in t/2 Admission Certificate ch .??”Ibf be
| = L I, ] o Tx . voSDEee - y 5 h
 stated clearly on the cover of this Question-cum-Answer (QUA) Booklet in Ff’f; 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.
] ] : o e : d Meaninoe
Unless otherwise mentioned, symbols and notations carry their usual standar eaningsg,
. . . . Ader. Unless struck off, ¢
Attempls of questions shall be counted in sequential order. Unl 88 -w'H‘HH off tttempyt of a duestion
; » - i e b ]
shall be counted even if attempted partly. Any page or portion of the page lofy blank i B
b! cestion-cum -Answer (QCA) Booklet must be clearly struck off.
'____—___—_ \
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SECTION A

Q1. (a)

m%%qﬁwﬁa%mmm%'?mwﬁg&aﬁﬁm
\/ Can the set 0, 0,0, /3 (1, 1,'0,0),40, 1, -1, 0)} be extended to form a

basis of the vector space R1 2 J ustify your answer.

(b) s wqiwor - RY - R3, S T, y,

%,mwﬁm(ﬁ),aﬁﬁ(ﬁ),mﬁa)ﬁwmﬁw

/ Find the range, rank, kernel and nullity

T : R* - R3 given by T(x, Y, 2, W) =

of the linear transformation

(X-W,y+2,2-w).

(c) m@6ﬁaﬁ%ﬂa§2ﬁaﬁwmwﬁwﬁﬂ§%|aﬁﬁﬂw

wﬁﬁmw%lww%wﬁﬁrﬁw@gﬁmwm

2 | Be<ah =61 Ut Efeichie Sremé s PifSre 6w a1 simae st |

A rectangular sheet of metal of length 6 meters and width 2 meters is
D given. Four equal squares are removed from the four corners, The sides

of this sheet are now folded up to form an open rectangular box. Find

approximately the height of the box, such that the volume of the box is

maximuni.

(@) fear M e & fix + y) = fix) fly), @ft axfas x, y F Qg fix) = 0 G of
areafas x & fag 3 £(0) = 2 2 | @it areafa x % forg 2wfsn 6 £1(x) = 260 2|
O m:ﬂx)mml

+ = d
i hat f{ V) fix) fly) for all real x, y, fix) # 0 for any real x an
Given that flx = fl #

(x) = d fix).
£(0) = 2. Show that for all real x, f'(x) = 2f(x). Hence find fix
SLPM-P-MTH 2

Z,W)=(X~w,y+ 2z 7z ~w) g fear

FIHL= (0,0, 0,3),0,1, 0, 0), (0, 1, -1, 0)) <1 afewr wufy k4 1 v 3747
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Q2.

(e)

(a)

(b)

(c)

i

=

34 v 1 et wa Ao Rrwa ol fig (1, 1, 0) @ @ e frdwe
y=0| x2+?‘2=4%l

Find the equation of the cone whose vertex is the point (1, 1, 0) and

whose guiding curve is y = 0, x2 + 2% = 4. 10

9T T : RS » R2 & Y@ Waw wwiaor 2 6 TA, 1, -1 =@, 0),
T(4,1,1) = (0, DA T(, - 1,2) = (1, 1) | T I FifSrw |

Let T : R3 - R? be a linear transformation such that T(1, 1, -1) = (1, 0),
T4,1,1)=(0,1)and T(1, -1, 2) = (1, 1).4dEs 15

|

= iF ¥3 <5in“1(§\l <
b

+
6 1 \D/

oA
o o¥ [ 1

Using Mean Value Theorem, prove that

V3 . _1(3) Ul i
+ — < 8In — | <€ = % = 15
15 \b 6 8

oA

(i) 38 S F1 G F i \miﬁa.i‘@ﬂ? =¥ = ¥ awiw & ot

ST aF x2 + y2 =16, 2= 0 ¥ TR THA L |

“ 1

Find the equation of the cylinder whose generators are parallel

to the line %= ¥2« =§ and that passes through the curve
x2+y2=16, 2=0. 10
(i) =T waret

Xx-3 _y=8 z-3 s X*t3 _y+7 _z2-6

3 < 1 -3 2 4
o aftel i =gAam g fifor |
Find the shortest distance between the straight lines
x-3 y-8 z-3 x+3 y+7 z-6

= = and ==
- - : and — 2 T 10
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() Fyfefiaa S8 &1 W (TRIETH) B9 5 @0iE Ao .
fg =2 2 1
A=|-3 6 0 -1
1 -7 10 2‘

Q3.

Reduce the following matrix to echelop form :

15

[ 2 =2 2 i3
Gt A=|-3 6 0 _
I =7 10 3
v ? ; 13;‘mﬁﬁ?ﬁ@x2+y2+22—2x+2y+47~3-0
2X +y+z= (E3 a4 3 - R
y 4 ngmw3x+4yzl4ﬁweﬁ(ﬁgl
Find the o ations _ i
/ 2 2 ?2(1:1’;':011:?2 of the spheres which pass through™ the  circle
9x + dy = 114 T oy 2 Y+ 2z =4 and touch the plane
‘ 15
R
2
()
/ Evaluate ﬂ y.dx dy, where R is the region bounded by vy = x and
R
y = dx — 32. 10
(i, 7wy = % () o gl 8 )R et i g s e 8, e
1 \F_Ll +yf2—l-l =xf(£}é,
X ()r X
/ a*u & o 8%u 3
2% 2T Oxy — — & ¥ 5 =0%|
1 . ox? yf‘uy (},2
Ifulx, y) = x f{i} + g(%), where f and g are arbitrary functions,
then show that
()
| X e + oy x
2 2
g™l g M B8 s 10
L # 2o oy

4
SLPM-P-MTH



s B

Zgrtgy for et
0 ) 2
X2+ y2rd—Ax 42y 454 4 g
7 S o7t e A R, S e gy X+ 6
. B =Y+3=74 107 >
Show that there 1s no tangent plane to tl : o .
xz 4 y2+ ?,‘2*—"1)( + 2}’—-47.}_ 4= ¥

that can be passed throug} .
b gh the straight line

Q4. (a)

sphere

y+3=241

2
9 o 15
| Xy E_ﬂ__\m
b FRAx,y) =1 " xZ .2 ST (x,y) #(0,0)
L b S (%, y)=(0,0)
2,41 £,,(0, 0) 3R £, (0, 0) F1a Hfvre|
i XV x2 yz
If flx, y) = 1' Y 2.2 A
- 0,4 when (x, y) =0, 0),
then find )
fey(0;0) and £ (0, 0):
2 O
(0 () 3m=gEA=(2 1 -6
|
12 =%\
¥ syfyererfores g1 2 dnd sifuaafie afze Fa Fifau |
Find the eigenvalues and the corresponding eigenvectors of the
12

matrix
{'1 92 0

A=CaNAY -6 |.
|
2 -2 3
(i) HETP MVJIWSII$I¥3ﬁWqﬂa"HEM 2 ) a9 & | W A
? =

1. X .
= |= dim P4 — dim P,

|
dim|
ot 11 pol ials of d < noover
cnvaee of all polynomials of degree =1
+ P denote the vector space of all PoX
Let P, denote the v
R. Verify that |
(P, ) . ) g
dim| -})’4- _ dim P, —dim P,.
| B

52/
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(b)

(c)

(d)

U4

@vs B

SECTION B
y Y (dy Y _ ydy , ¥ £
{1_v2+._‘](__.) 25 — + = = 0 I & HINT |
x2 J\dx x dx  x?
4 \2 2
Solve [ 1-y2 + L [dlj _o¥dy Y _ _o 10
x2 J\dx x dx  x?2

Mﬂﬁqﬁ.ﬁ#u&ﬁmmﬁ%ﬁm%mmﬁwmi
Form the differential equation of all ellipses whose axes coincide with
. -—-————'—"_-.
coordinate axes. it 10

forg R P el 1 ST R 3 SATY W, i P e 99 279 ST ol TR 2 3
o &g R, e g ket e o A () 2, 1 AT A B S T 6

wﬁa&ﬁaﬁ#aﬁaﬁ%lwﬁﬁﬁméﬁ SRR

Prove that the time taken by the Earth to travel over half of its orhit,
which is separated by the minor axis and is remote from the Sun, when
the Sun is at the focus of the elliptic orbit, is two days more than half of

the year. The eccentricity of the orbit is taken as Zi% . 10

fer T 2R A 3B w @ Aifee @ W Rem A fig F, e A A gl 2a R
AO % BO 21 TER W S ¥ ST O W usk | s # 3 e O W R | Al
ga&aa@ﬁﬂsianéz%wa,wﬁﬁoﬁm%_aﬁm%maﬁqﬁmﬁ
I A &, ol AT ¢

j12 — 42 = 2¢2 [cosh[i)— I-I
¢

grT e g |
ot

Given that A and B are two points in the same horizontal line distant 2
apart. AO and BO, are two equal heavy strings tied together at O and
carrying their weight at O. If  is length of each string and d is depth of O
below AB, then show that the parameter c of this catenary, in which the
strings hang, is given by

. .- a1 faY .|
12— a2 = 2¢2 | cosh| & J—-l .
\ B | 10
A u=x+y+z, v=xi+y?+z® A w=xy+yz+2x 212910 R
grad u, grad v 3 grad w HHAATT 2 | )
[fu=x+y+2 v=x2+vy2+22 and w=x
. ; Y + ¥z + zx, then show

grad u, grad v and grad w are coplanar. en:show that
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(a)

(b)

RO A (1) 3 e e Fm: B dR Glo) §, A g A

t
L .[f(x)g(t~x)(1x = F(s) G(s) & | 30 omy 1 5T Fd g, ‘
0
t

WMt =t .+ .[ y(xlsin(t-x)dx %ﬁﬁ@ﬁﬁﬂ

0

If F(s) and Gs) are Laplace transforms of fit) and g(t) respectively, then

t
prove that L _[ F(x) g(t — x)dx | = F(s) G(s). Using this result, solve the
0
t

equation y(t) =t + I y(x) sin(t — x) dx. 15
0

Q%W@:Eﬁ.ﬁmﬁgﬁmma%wwﬁw&gowﬁm%aﬁt@ﬁ%
TA DR T Y 9 ST 41 2 | St Ay et A 3R i C % 7 7
W ST & ST ok a8 A STehfer s & <0 1 A 81 S0 47 fig 318 smar
2 | AR S F IATUA MF B F 4N H e 2, df gwisy fFoFw

\/g (2\/_4_:3':"\" w9 W 3 faig C T ATa 1 s |
g 3/

One end of an elastic string, having natural length a, is fixed at some
point O and a heavy particle is attached to the other end of the string.
The string is drawn vertically downward till it is four times its natural
length at the point C and then released. If the modulus of elasticity of the

string is equal to the weight of the particle, then show that the particle

. ; a 4t
will return to the same point C in the time \/; [2J§ 4 _3_] 15

@) oy m) ex2y? 2 FEF A L -DR, Thx=ely=2sint+1,
2=t cos t, ¥ fog t = 0 T EI-ve 1 fau & fosp-srareheres 771 ey oy
F1a FIe |

Find the absolute value of the directional

derivative of
o(x, y, 2) = x2y2z2 at the point (

1, 1, -1) in the direction of the

t I g
tangent to the curve x=e¢% y =2sint+1, Z=t-cost, att =0 10
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(ii) t
~ II) ~2 _I‘;)
—) ) = _ J O <
?ﬁmﬁ»ﬁ VZH = (-:-LTZ— 3ﬁ( 2 E _:‘t_é_ ;’}
C o
, J{
= q = ¢H o =
IfV.E:O,V.H:O,VXIL:—-—:__ andVXH__aI‘J
(z't = -:_H_' ’
. 5 ot
o=y '\2 = '\_2 ; p
then show that V2 H = (————?- and V2 E} = .(HIE ) I , b
ot ot2 0 %,,

Q7. (a) @@Wﬁwmﬁw&g‘ﬁﬁw %ﬁratwaﬁfrﬁmaa—éﬁﬁwgmémﬁ ,’
@ww.mﬁ@.ﬁé%mﬁﬁgww%ﬁmﬁﬁgﬂqﬁm%! %
A solid sphere rests inside a fixed rough and hemispherical bowl of twice i
its radius. If a large amount of weight, whatsoever, is attached to the "[
highest point of the sphere, then show that the equilibrium is stable. 15

|
(b) (ﬁ [(xy+y2)dx+x2dy],ﬁcsaﬁy=xm}"=x2mm‘ﬁaﬁm _'
:
C i
2, % o0 Toaer 8 i &1 i wenfug Aif | {

Verify Green’s theorem in the plane for ¢ [(xy + y2) dx + x2 dy], where

C
C is the boundary of the region bounded by the curves y=xandy = x2 15

3 3
32 wen -
(e} ) aammﬁmur(n—)—a(xw) i

dx 8
& = B o fafem g 3a fifsw |
Find the general solution and singular solution of the differential
o1+ ) = g pyy (1Y 10
equation Ll+~d; Sga T g3 Lk

2 d%y | dy

.x 3(_31:_;14.33; +x—+y=xlogx$lqgfwmaﬁﬁﬂzl
aay e dx

dx3 dx?

d%y | ged® | d
ot 3 2 dy . ;
Find the complete solution of x P + 3x s + xdx +y=xlogx.

10
8
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(a)  HAdHA THiEO (x 4 ¢ d?y . _ e o =

| (X 4 9) 13 _(2x+5}d‘} +2}_,:(1+x}examgr1?«rfaj7ﬂl
- dx X

ﬁﬁlﬁmmﬁ&‘%ﬂ o

4 e 2 )
O 5()1\-’0 the (hﬂl_‘l‘(\nt.ial equ d y e e :_)]d:v & 2y - (1 + X) e.‘\.

ation (x + 2)

) dx ax
by the method of variation of parameters. 15
(b) ~ EEHIOTE AHIATZHE® O <x<a, 0<y<b, 0<z<ec®
n D) h ‘ A : A
F =lx*-yz)1 +(y2-2x)] +(z° — xy)k]
& foru g 21w wiE genfug i |
\/ Verify Gauss’s divergence theorem for
> , A _ A _ ,«
F = [(x2 - y2)1 + (y2(=20)) + (z2 — xy)k], taken over the
rectangular parallelopiped 0 € x<a, 0=y =< b, 0<z<c. 15
(©) U FO1 I FeAT aet § SRR STt vt feor faa sed % A< AP
At 3 ¥ Ty wEw T ferg & v foar s | zrtzu B
G)  (u2<2ag)F AT F0 el o qEf ¥ A fid & AEeE
\/ (about) BT FAT 2,
Gi) (uZ=5ag) o 01 qofd; el A =l 2, 31
Gif) (2ag < u2 < 5ag) % [TT; T, T P, TF wqeft & fewn #, < afas & @y
' 2
-~ = ) u —
HIT ¢ T 2. I a1, SafF cos o = —-—@
3ag
% | |
A particle is projected inside a fixed smooth cylinder with circular
cross-section 1in a vertical plane from the lowest point with initial
horizontal velocity u. Show that for
(i) (u? < 2ag); the particle oscillates about the mean position in
| the lower half,
(i1) (u? > hag); the particle executes complete circular motion,
and
(ii) (2ag< u? < hag); the particle will leave the curve in a tangential
direction, making an angle « with the horizontal
2
u” —2ag
such that cosaa= —— - 20

3ag
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