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INSTRUCTIONS
Each question is printed both in Hindi and in-English.
Answers must be written in the.medium specified in
the Admission Certificate issued to you, which must
be stated clearly on the cover of the answer-book
in the space provided for the purpose. No marks will
be given for the answers written.in a medium other
than that specified in the Admission Certificate.
Candidates should attempt Question Nos. I and 5
which are compuisory, and any three of the remaining
questions selecting at least one question from each
Section.
The number .of marks carried by each question is
indicated at the end of the question.
Assume suitable data if considered necessary and
indicate the same clearly,
Symbols/notations carry their usual meanings, unless
otherwise indicated:
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(a)

(b)

()

(d)

()

SECTION—A

Let A be a non-singular, n x n square' matrix.

Show that A . (adj A) = | A | . Hence show
that | adj (adj A) | =1 A |(“'1) 10
1 0 =1 2
[et A={3 4 5|, X=|y|, B=}6
0 6 7 y2 5

Solve the system of equations given by

AX =B

Using the above, also solve the system of
equations AT X =B where A! denotes the

~ transpose of mafrix A. 10
. 1im xty .
Find (x,y)50,0 —S5— if it exists. 10
X" +y

Let f be a function defined on R such that

f(0) = -3 and f'(x) £ 5 for all values of x in R.

How large can f(2) possibly be ? 10

Find the equations- of the straight line through

the point (3, 1, 2) to intersect the straight line
X+4=y+1=2z-2)

and parallel to the plane 4x + y + 52 =0. 10
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TS—F

@)W%Awmnxn'aﬁwﬁl
mf-sqﬁ;A.(ade):]m.ln.mmfzq%

| adj (adj A) | = | A |12 10

I 0 -1 X' 2

@) it A={ 3 4 51, X=|y /|, B=| 6l
EEIEH

ST FT TR BT gT,

AX =B
%Wﬁm’ﬁ'ﬁ'gﬁ'ﬂﬁﬁql TEF 9y
gt ATX=B FHIBT T Y 5 AR @t AT
S A ® uRad & DT ww@mr 2 10

(M AR #ARr

. 2

oy 0.0 —Y o o T s ¥ G |

[
x> + y3

10

@ AT f & waT R 9T 9fitaim, @ f
Rﬂ'x%mﬂmﬂ’f%ﬁmfm)=—33ﬂ?
f(x) <51 f2) F BT 99T B gwr g
g ? 10

m)gm;ﬂ%@%wwﬁm“ﬁﬂ

x+4=y+:1=2(z_—~2)
mqﬁ%@aqm%_%qfa‘go,l,z)%aﬁﬁé
?raﬁ'(waa4x+y+52=0$wfa'{s‘r| 10
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(f) Show that the equation of the sphere which touches

the sphere

4+ yP + 22+ 10x - 25y — 22 = 0

at the point (1, 2, —2) and passes through the
point (-1, 0, 0) is

(@) (@)

(i)

(b) (@)

x2+y2+zz+2x—6y+1=0. 10

Let ?l.l, ?\.2, ln be the eigen values of a n x
n square matrix-A with corresponding eigen

'vectors X Xy e Xn. If B is a matrix similar

to A show that the eigen values of B are same
as that of A. Also find the relation between
the eigen vectors of B and eigen vectors of A.

10

Verify the Cayley-Hamilton theorem for the matrix
1 0 -1
A=| 2 I 0
3 -5 1

Using this, show that A is non-singular and
find A", | 10
Show that the subspaces of R spanned by
two sets of vectors {(1, 1, -1), (1, O, 1)}
and {(1, 2, -3), (5,2, 1)} are identical. Also
find the dimension of this subspace. 10
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() wwisw & W Tﬁwmmﬁww;‘aﬁﬁfg
(1, 2, -2) W 7w

4(x2+y2+z2)+10x—25y—2z=0

T I BB AR RT (<1, 0,003 g 3
ToRaT 8,

AN CON Y

(i)

(®) ()

x2+y2+22+2x—6y+1=0 8O 10

aﬁﬁqxl,xz,._.,xn@nxnaﬁmA%
SIRTT A9, N8 wa smeng gl

wmm‘—?r %w BT M A B R

WaﬁaﬁaﬁTA-%mqﬁsﬁ%aﬁaﬁa‘z
T 9@ S| 10
STeqE
(1 0 —1
A=[2 1 o
13 -5 1
%%q'ﬁ%—%ﬁw#uﬁuwﬁaaﬂﬁqr
WWW@Q.W%AW
2 3R A™! Hem R 10

TOsY & aRwr & @ {(1, 1, -1),
(1,0, )} 3 {(1,2,-3), (5, 2, 1)} & AR
9T R’ @ Iwmieni wdww 21w am
o W ImEA w1 R wem g
10
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(ii)

() ()

(i1)

Find the nullity and a basis of the nul] space

of the linear transformation A : R® — R®

given by the matrix

0 1 -3 —]
1 0 1 1|
A= . 10
31 0 2
1 1 -2 o,

Show that the vectors (1,1, 1),(2, 1, 2) and
(1, 2, 3) are linearly independent in R®.
Let T: R® 5 R® be a linear transformation
defined by
T(x,y,z)=(§(+2y+32,x+2y+52,
2x + 4y + 62).
Show that the images of above vectors under
T are linearly dependent. Give the reason

for the same. 10
2 =2 2

Let A=| 1 1 1| and C be a non-
1 3 -1

singular matrix of order 3x3. Find the
eigen values of the matfix B> where
B=cC"'Ac. . 10
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(i1)

M @

(i1)

(0 1 =3 -1
1 0 1 1

A= .
31 0 2

1 1 -2 0

F g0 T Wi s A R@ y R
B} OWE M wEle w1 o

wisg & RO ¥ whRw (1, 1, 1), 2,1, 2)
M (1, 2, 3) Wrwe: w@dT T dhiferg
5 Tee,y,2) = (X +2y + 3z, x + 2y + 5z,
2x +4y + 62) % gra aiwfda T R® — RO)
T W wigew §

W%T%Wmaﬁvﬁ%aﬁﬁ?
Wrera: sl &) U B R PR e

i | 10
2 -2 2

R A=[1 1 1| dr c @R
1 3 -1
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(@)

(b)

(c)

(b)

Evaluate :
im g x4 X#2
@) M fx), where f)={ %7’
N ’ X=2
1
iy | mxdx. 6. 12
0

Find the points on the sphere x% + y2 + 722 =4

that are closest to and farthest from the point
@3, 1, =1). 20

Find the volume of the solid that lies under the

paraboloid z = x? + y2 -above the xy-plane and

inside the cylinder -x? +_y2 = 2X. 20

Three points P, Q, R are taken on the ellipsoid
2 2 2

xz + y2 + 22 =1 so that the lines joining P, Q,

a® b° ¢

R to the origin are mutually perpendicular. Prove

that the plane PQR touches a fixed sphere. 20

Show ‘that the cone yz + zx + xy = 0 cuts the
sphere x? + v2 + 2% = a2 in two equal circles, and
find their area. 20
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3.

(F) JeaisT FiAq -
in x4 #2
(1) il_%ﬂf(x)ﬁviﬁ fx)={ %3 ° X
T . X=2
(ii) Ifnxdx. @, 12
0

C@)sz+y2+zz=4W®ﬁ3Wﬂﬁm,
g 3, 1L,-1) F T8 oW @R W QX 8
20

() U ¥ F IWaT A AN, 0 @
z=x*+y*® AV, xy-v909 B IR AT R

X +y?=2x & 3w Rug ) 20

y2 z2
@)eﬂ?ﬁquama - :2_“{?
aﬁ%@qwaﬁa|maﬁﬁq%w

PQRWﬁ'ﬁmEﬁwmgl 20

@ T B WG yz +zx +xy = 0 Tww

x2+y2+zz=a2ﬁa, %gﬁ»ﬁ,
ST ST dee W i) 20
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(c)

(a)

(b)

(c)

Show that the generators through any one of
the ends of an equiconjugate diameter of

the principal elliptic section of the hyperboloid

X2 y2 Z2

>+ 02 2 =1 are inclined to each other at
c

a
an angle of 60° if a_?' + b? = 6c2. Find also the

condition for the generators to be perpendicular
to each other. 20

SECTION—B
Obtain the solution .of the ordinary differential

equation o x+ y+1)?,
dx

if y(0) = 1. 10
Determine the, orthogonal trajectory of a family
of curves represented by the polar equation

r =a(l - cos 9),
(r, ©) being the plane polar coordinates of any
point. 10

The velocity of a train increases from 0tovat

a constant acceleration fl, then remains constant
for an interval and again decreases to 0 at a constant
retardation fz' If the total distance described is X,
find the total time taken. 10
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2 '2
gafey % sfoeaems = 1);2 =1 ¥ g
ﬁﬁﬁa%%wmﬁw%%ﬁﬁ
Rl F AR g woeee B
PV T AT B E IR a2 + b2 = 62| TR
F B TR B T Q@R WK A9 B &) e
A T | 20

wE—
Freafofem wanwr sawa wiew w1 s g
FIMT

iiz-=(4)::-i~y+1)2,
dx

I y(0) =1 10
garg g
r =a(l — cos 0)

F 0 W IF-aE ® aile g@v-gg @

Frafor #if,

(r, &) f&i <t Mg & v gl P &1 10

@mﬁm#ﬂmﬁaﬁ*ﬂwt‘ d YO0

v @& gl 8, Ige 9% UH aafmaa‘» forg

mﬁaﬁww%aﬁ-{fﬁr{mﬁa—cﬁmf

%wmaﬁ-a"ﬁoqgﬂwﬁluﬁrmaﬁ

T g x B, @ g R v oawm 9l
10
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(d) A projectile aimed at a mark which is in the
horizontal plane through the point of projection,
falls x meter short of it when'the angle of projection
is a and goes y meter beyond when the angle of
projection is B. If the velocity of projection is
assumed same in all cases, find the correct angle
of projection.

10

(e) For two vectors @ and b given respectively by

N

a=5t%+t]-tk

and b=sinti—cost ]

determine :
0 5 (@5)
and (i) %(Exﬁ). 10

(f) Ifuand v are two scalar fields and f is a vector
field, such that

uf =gradv,

find the value of

f-curl f 10
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@'ﬁﬁﬁvﬁﬁaﬁﬁ,ﬁqﬁwﬁa‘ﬁg%aﬁa
¥ 4R o X @, w g8uF, w9 yayw @
o BT & 7@ fremd ¥ x e v e @ 8k
S IHTV R B e B, @@ ™ @ g @
y HIET ® S frcar @1 ofy oy wme X wa
AT B T AT Rer 9w, @ gENT @7 gd)

BT WA R 10

a=5t21+t]~-tk
M B='si‘nt‘i‘—cos'tj
® FRT T o gfRkEy she a M b R

Frafor #ifve .

0 = (a8)

AT (i) ?:11{(5"'3‘)' 10
(@) IR udR vI IRy & & Ik F o aRy
&7 8, 3 YR B
u f =grad v,
@ focurl f ® 7 we@w ARy 10
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6.

(a) Obtain Clairaut’s form of the differential equation

dy dy 2 dy
(xdx y)(ydx J Y

Also find its general solution. 15

(b) Obtain the general solution of the .second order

ordinary differential equation
y" = 2y'+ 2y =x + € cos x,
where dashes denote derivatives wir. to x. 15

(¢) Using the method of variation of parameters, solve

the second order differential equation

2
g—g—/+4y=tan2x. 15
X

(d) Use Laplace transform method to solvc the
following initial value problem :
d’x _ dx dx

—2 0)=2and—=
7 dt+x e! , X(0) = i

I
|
J—

L]

t=0
15
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[ _ Y dy  Y_.2dy

(xdx YJ(ydx+x] adx:
F R TP A AT A9 & S
ﬁqﬁﬂﬂwml 15

(@) fehiw ®ife waror sawa ader
Y"—2y.'+2y=x+cx,cos X,
Wl I x H N AT FT AT wd §
T NF BT U< T | 15
(M) wraer fa=on ﬁﬁfﬁmmm g'z,f'&?ﬁ'cr
e sEHd gHH

d2

“&%+4)’=tan2x B BT IR 15
X

@) Fre=ffee —fw 9 w9 s o @
d’x _d

2x—2 x+x=e‘,x(0)=23ﬁ-{g_’5' =—1.
dt dt t {0

15
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7.

(a)

A mass of 560 kg. moving with a velocity of
240 m/sec strikes a fixed targét and is brought to

1 |
rest in Too- €& Find the impulse of the blow on

the target and assuming the resistance to be
uniform throughout the time taken by the body
in coming to rest, find the distance through which
it penetrates.’ 20

(b) A ladder of weight W rests with one end against

a smooth vertical wall and the other end rests on
a smooth floor. If the inclination of the ladder to
the horizon is 609, find the horizontal force that
must be applied to the lower end to prevent the
ladder from slipping down. 20

(i) After a ball has been falling under gravity
for 5 seconds: it passes through a pane of
glass and loses half its velocity. If it now
reaches the ground in | second, find the height
of glass above the ground. 10

(ii) A particle of mass m moves on straight line
under an attractive force mn’x towards a
point O on the line, where x is the distance

from O. If x = a and %=u when t = 0,
find x(t) for any time t > 0. 10
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240 m/sec % AT F FF TRAH, 560 kg W TH

%ﬁ,w%ﬁwﬁﬁmmﬁ%aﬂ?-{é—o

seci’fﬁ'{mﬁwwq@ﬁvﬁﬁ%%vnﬁw
AT & AT I AGH AT 3R I T
fie % g1 R o& g3 § @ o e
Wﬁaﬁﬂaﬁmﬂmmlwﬁﬁq
fF ot <8 a9 98 "l 3o w21 20
W IR %1 @& 9@ F1 & Q0 fega sahr deax
¥ few 8, ol @ R e wf w R
?Eﬁ?ﬁ@ﬁﬁ"feﬁﬁﬁwmﬁfGWﬁ,ﬁW
i & fid 3 Prag Y f e o3 e ol
¥ A > o e &R s B T e
BT 120
(i) @ 1< & Ted & a7 5 s o5 @
W P ARG AF TH HABAE ¥ A e @
T s a7 A A R0 AR aw 7w qfy
w1 df%s # gT W @, Fiawas @
9§ Fa weE ARy 10
(i) TUAM m H T I, @ &g O M| A%
TH Y @ I mn’x Al @ & T
A FaT B, W@l x T ' O ¥} WR

x=a3ﬂ'{%—f=u,mt=0,ﬁﬁw‘£ﬁﬂﬂ
T ot> 0 % o ox(t) 3@ fRw 10
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(b)

©)

(d)

Examine whether the vectors Vu, Vv and Vw are

coplanar, where u, v and w are the scalar functions
defined by :

=Xty+z
v=x?+y? 4+ 2
and W = yz + zx + xy. 15

If § = 4yi + xj+ 22k, calculate the double integral

[[(Vxa)-ds
over the hemisphere given by
x2+y2+22=a2, z2 0. 15

If T be the position vector of a point, find the

value(s) of n for which the vector
il
is (i) irrotational, (i1) solenoidal. 15

Verify Gauss® Divergence Theorem for the vector
if'=x2§+y2j+zzﬁ
taken over the cube

0<sx,y,z<1. 15

(Contd.)



MR W =Yz + zx + xy.
@) 3 U=dyi+xj+22k, & R game

H (Vx ﬁ)~d§

15

P FT T N tr{étrﬁmaq R | s
M @ 7 o By = Refy aRw &, &t o @ oo
() # A AR, Res R R
M™r
(i) srgoff, (i) Wity 24 s
(@) == TRiq

0<x,y,z<1

M wdfige B gq wRy
Tf=x2§+y23+zz];
RIRIEC I Ly I g G— R |
15
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Note : English version of the Instructions is printed on the
Jront cover of this question paper.



