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S F-DTN-M-NUIA
MATHEMATICS
Paper—I
Time Allowed : Three Hours Maximum Marks : 300
INSTRUCTIONS

Each question is printed both in Hindt 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. 1 and 5, which
are compulsory, 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
othernwise indicated.

Important Note : Whenever a question is being attempted,
all its parts/sub-parts must be attempted contiguously. This
means that before moving on to the next question to be
attempted, candidates must finish attempting all parts/
sub-parts of the previous question attempted. This (s to be
strictly followed.

Pages left blank in the answer-book are to be clearly struck
outin ink. Any answers that follow pages left blank may not
be given credit.
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Section—A

1. (a) Define a function f of two real variables
in the xy-plane by

1 1
x3 cos— +y3 cos —

-’25' 5 X for x, y#0
flx y= x*+y

0 , otherwise

Check the continuity and differentia-
bility of f at (0, 0). 12

(b} Let p and g be positive real numbers

such that l+l =1. Show that for real

P q
numbers a, b20

P q
ang—-+—b— 12
P q

fc) Prove or disprove the following
statement : 12

If B={b, by, by, by, b5} is a basis
for R® and V is a two-dimensional

subspace of R®, then V has a basis
made of just two members of B.

{d) Let T:R® 5R® be the linear trans-
formation defined by
T, B, v) =l +2p -3y, 200 +58 -4y, o +48 +¥)

Find a basis and the dimension of the
image of T and the kernel of T 12
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TIE—

1. (%) xy-99dd B & IRGias 90 & BeH fH

1 1
x3 cos = +y3 CcosS—

Y x
) > 5 x,y#O%@
f(xs y]_ X +y

0, ¥I3au
g gfers i (0, 0) W f & wiEE IR
FaheHTa F St Fhifs 12
(@) "R & p 3t g T vATeTE anafas wEET
s Lilo1 2 oute f e demait

P q
a,bzoaﬁf%ﬂab5£+ﬂ%l 12
P q
(M) Trafafgs s = fog SV sy sew @us
Hifsm 12

afe R® & fw B = (b, by, by, by, b} T
anuR @ 3R v us fg-fofg qumafe @ RS &,
AV T MU BT S B F e & gee 3
T 23T Em
() mm &ifde T R® 5 R® wF Was suraom 2,
el
To, Byi=@+2-3y, 20 +5p -4y, a +4p +7v)

gm gfonfea &1 7 # afe iR T % ufafam =
T 3R 3R fam 79 ifsw 12
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2.

(e} Prove that two of the straight lines
represented by the equation

()

(b)

x3 ~|~bx2y~|~cxy2 +y3 =0

will be at right angles, if b+¢ = -2,

(4

(i)

()

Let V be the vector space of all
2x2 matrices over the field of
real numbers. Let W be the set
consisting of all matrices with zero
determinant. Is Wa subspace of V?
Justify your answer.

Find the dimension and a basis for
the space W of all solutions of
the following homogeneous system
using matrix notation :
Xy +2x5 +3x3 -2x,4 +4x5 =0
2x; +4x, +8x3 + x4 +9x5 =0
3x; +6xy +13x3 +4x, +14x5 =0

Consider the linear mapping
f:R? 5R? by

flx, yh=Bx+4y, 2x-5y)

Find the matrix A relative to the
basis ({1, 0}, 0, 1}} and the matrix B
relative to the basis {1, 2}, (2, 3)}.

If A is a characteristic root of
a non-singular matrix A, then
A
A

prove that is a characteristic

root of Adj A.
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() fag Fifvu fr adiwm

xrbxfytoy? +y? =0

T Tl ) Taei § | & Heon w g,
AR b+c=-278

2. (&) (i

(i)

@) i)

(ii)

i oftfse v oarafos gemei & 8 W
wfi 2x2 g B owlew wufE B WA
ifig W = anfos afid @t seg
AT T 21 F W O ITeAfE 2 VA
A IH % 9 B g @)

fafafar o fem & o = f

e W & foau amegg e &1 s
Xy +2x, +3x3 —2x4 +4x5 =0
2x) +4x5 +8x5 +x4 +9x5 =0

3x; +6x, +13x3 +4x,y +14x5 =0

fix, Yy =@x+4y, 2x-5y) FW a®
FIGICER _)“111-12—>1R2 T feam #ifs)
amar {(1, 0}, (0, 1)} ¥ wEia J=E A
AR MR (L, 2), 2, 3) W wElEm
e B 3t Hif)

5 A SqHANE HWHE A T
mﬁwaﬁw%‘aﬁ,aﬁﬁaﬁﬁ‘qﬁﬁ%

ws stfienafoe 0w R Adj A #91)

12

12

12

8
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{c/) Let
1 i 2+
H=| -i 2 1-i
2—-i 1417 2

be a Hermitian matrix. Find a non-
singular matrix P such that D=P  HP

is diagonal. 20

3. fa) Find the points of local extrema and
saddle points of the function f of two
variables defined by

o y=x+y° -63(x +y) +12xy 20

(b} Define a sequence s, of real numbers
by

n : 2

Z (log(n + i) —log n)
Sn = n+i

=1

Does lim s, exist? If so, compute the
n-ee

value of this limit and justify your
ANSWer. 20

fc) Find all the real values of p and gq
so that the integral _[éx-”(log 7 dx

COTVerges. 20

4. {a} Compute the volume of the solid
enclosed between the surfaces

x?+y? =9 and x® +2%2 =0 20
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(m)

. ()

(M)

nH Hifse

H:
2-1 1+i 2

ws gHA IR Bl U UR SYewEAviE IR P
! Fd Hifse 6 D = PT HP fo=off 211

1 i 2+
- 2 1-i

fix y}=x3+y3—63(x+y)+12xy EARY
g @ =0 % GeW fF wEE " T s
fargant 3 e fargatt &t Jr@ Hifs)

=i(log(n+i}—logn)2 -

n+i

qemat & IR s, i gfomm &g
lim s, 1 3G 37 3 @}, @t g@ i &

n —jo0

U =1 ufEhe e 3T 3793 39 & ued o &
pessE Ll

p 3R g & wh arfE T R E B,
mﬁwf;x-"(logi}q dx HfE X

) g8t x? +y? =9 3 x?+2z°=9 & &=
uftag 31 % 3 F Ifiher il

20

20

20

20

20
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{b) A variable plane is paraliel to the plane
.{ + 2 + E = 0
a b c
and meets the axes in A, B, C
respectively. Prove that the circle ABC
lies on the cone

yz(—lz+g]+2x(£+EJ+xy(E+E]=O 20
c b a ¢ b a

(c) Show that the locus of a point from
which the three mutually perpendicular
tangent lines can be drawn to the
paraboloid x? +y? +22=0 is

x? +y2 +4z=1 20
Section—B
5. {a) Solve
dy Qxy e(x/y)2
dx 204 X107 4 oy 2eln/ o 12
(b) Find the orthogonal trajectories of the
family of curves x? +y? = ax. 12
{¢/ Using Laplace transforms, solve the
initial value problem
Yy +2y'+y=e", y0) = -1, y'0) =1 12
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(@)

(m

Ueh = "9Hde] 319 HHd

E.}.g.’.g—o

a b c
%+ THTR g R HEW: A, B, CH = @ fiwm
21 fag s f% 39 ABC, ¥

[b c] (c a} (a b)_

yz, —+—|+zx| —+— |+ xyl —+—|=0

c b a c b a

w fom 21 20
Tuizy 6 ™ 1@ fag, W& ¥ waewd
x? +y? +22=0 aF d9 WER o WY@
i 1 wwdt §, & fagey x? +y? +4z=1

2l 20

gus—d

T HIfT - 12
dy 2xye("5/y)2
dx 20 4 o974 o2l Y

aF-FAl x? +y” = ax F T=HUE ULt B
F1a hifer | 12

T ® YT H1 SEATA id g YRR 7
|

Y +2y +y=e’’, yl0)=-1 y 0 =1

F A FIfe) 12
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fd) A particle moves with an acceleration

L )c+a4
x3

towards the crigin. If it starts from rest
at a distance a from the origin, find its
velocity when its distance from the

- |
origin is 5

fe) If

— - — —+
A =x%yzi -2x2° j + xz°k

§zZz?+y}!~le_c’

find the value of aa

6. fa) Show that the differential equation

2

x 0y

(AxB)at(l, 0, -2).

2xylogy) dx+(x2 +y21fy2 +1jdy=0

is not exact. Find an integrating factor
and hence, the solution of the equation.

f} Find the

general

solution

equation y” -y” =12x? +6x.

of

the

{c) Solve the ordinary differential equation

x(x-Wy” -Rx -1y +2y = x2(2x - 3)
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(7) TH FU =W

a4
=)

F @y IgW A A A F@ B AR

Tz

fammaen 8 ITW A g a B YE &, @ ITW A

gaﬁiﬁmméﬂaﬁm%ﬁml
(%) =fe
E = xzyz?—2m3?+xzzz
§=22?+y;—x22

a2 - -
(A xB) 1 °H

@ (1,0,-2) W 3

ENE L

xdy

6. (F) zwizw fF @Ewa gl

R2xylog y) d.>c+(x2 +y2\/y2 +1)dy =0
T FE ¥ WHEhAM U WA i
AT FHR g T4 il

(@) wHEW y” - y” = 12x? +6x F A
IR

() WY 3T FHEF

x{x -0y -2x -y’ +2y = x> (2x - 3)
1 &A I
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7.

(a)

(b)

(c)

(a)

A heavy ring of mass m, slides on a
smooth vertical rod and is attached to a
light string which passes over a small
pulley distant a from the rod and has a
mass M (> m) fastened to its other end.
Show that if the ring be dropped from a
point in the rod in the same horizontal
plane as the pulley, it will descend a

. 2 Mma .
distance ———"_ before coming to rest.
M? -m?

A heavy hemispherical shell of radius a
has a particle attached to a point on the
rim, and rests with the curved surface
in contact with a rough sphere of
radius b at the highest point. Prove that
it 2505-1, the equilibrium is stable,
a
whatever be the weight of the particle.

The end links of a uniform chain slide
along a fixed rough horizontal rod. Prove
that the ratio of the maximum span to
the length of the chain is

1+41+p2
Tt

plog

where U is the coefficient of friction.

Derive the Frenet-Serret formulae.
Define the curvature and torsion for a
space curve. Compute them for the

space curve

3

x=t y=t>, z=2¢

Wik

Show that the curvature and torsion are
equal for this curve.
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. (&)

(m)

TENHA m H UF R 90, UFk TEw Feain
FT W IO HA § I 9% wF Al gohl B0 @
JEM TN BT A oW & B foedt m A
Tl 2 e ek @ it @ s Fome
M (> m) Jg1 g37 21 2uiigy fo aft aom =i 3
¥ ur 0 foag @ fim fon s & foeft & afaw
Toad H 8, A farmeeen 9% oged @ gd @
aaazﬁ;szz % 19 T o
—m

o a % o uilt il =@ & fm o ous
fag wt s o1 331 gen & oft 37 @, B b
F UF G e & 9y 3= fag w wwd d
WP " gy W e gan B Rag HAifsw e afe

E:»\/g—la’t,a"rmmﬂﬂiﬂ%a’t%ﬁfﬁ,
a
e e & et

TF THFETHE FEen (W9) & R A +wfeEi e
arerg, gt Afdw 32 3 gr-ury wadt § fag
#ifse % sfrran foggfc =1 w7 & o= w

} 2
ELE I ulog{pr—lfl-ik} &, S8l =IO T

21

-8z wie o Hifsw) arewm °% % Ry
Tt 37 famea Y afta i) s 5

x=t y=t*, z=3¢>

%F foru 3ae aftae ifsm) aoiee & @ O &
T T 3t famea Fwret #)

20

20

20

20
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{b} Verify Green’s theorem in the plane for
§.lbcy +y?) dx + x2dy]

where Cis the closed curve of the region
bounded by y=x and y = x2. 20

(c} IfF =y_i’+(x—2xz)}?—xy;c’, evaluate
2 2 5 o
H(VxF)-nds
s

where S is the surface of the sphere

2 2

X +y2 +2° =a® above the xy-plane. 20
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(@) §C[(xy+y2) dx + x°dy] % fou gwaa # 19 &

T #1 g i, el CEIa TH R, y = x
3 y = x? T =g =W Fv 20

(m) ﬁﬁ:y?+{x—2xz)}?—xy_k+, Gl
[[VxF)-7i a¥
S

# "R s, S S Mo
xg-t-yg-t-z2 =a2m)cy—waaﬁmmg§
21 20
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e
U9 -93—I1
7Y - i "ol Uit : 300
AW
g v feet 3il A @1 o o 24

¥ & IW 3G areAw 4 for@ 9 wifen, g sga e vadv-ug
T fber 747 3, 3R 39 WTAH F WE IP@ IN-YKF F JE-7¥ W
sifda Ffde v ® fF s wifde) gdw-u3 w 3gfaa aram &
sfafter 3= fardt mreemy 7 for@ 0 I 9t FiE 37 T@ e

T e 1 3R 5 Jiard &1 @ 3 4 @ 9% @8 @ FH-8-99
T T AR faeg AT g & I

I T & g a3 ve % 3fd # fou o &)

e Fvad g, al IugE SMiwgl F wHA FHaw qur I ffE
Fiferg

ydfis /g gafera vl ° g &, srger ARy

o Rdw . mamas 2 F g A T F IR &, aa
3G T% % @t wmi/39-wprf & I ary-ary 3 sawr S w R fE
et v H IW forad & fog omt wgd @ qd fiwe g & ot
Tl /39-9p1t & IR GHIW & 91 39 19 F1 FLE @ A FHorg
IW-g&iH 1 @relf! 13 gU 951 #t @igt & We w9 4 @ g ardt
72 58 78! & ar @ gu 3w & 3iF 7w 9, day g gt 2

Note : English version of the Instructions is printed
on the front cover of this question paper.
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