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MATHEMATICS 

Paper—I 

Time Allowed : Three Hours 

 

Maximum Marks : 300 

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 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 
otherwise 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 is to be 
strictly followed. 

Pages left blank in the answer-book are to be clearly struck 
out in 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 

f (x, 

Check 

1  
X3 COS- + y

3 	1 
cos- 

y 	 for x, y # 0 
X 2 +y2 

0 , otherwise 

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

(b)  Let p and q be positive real numbers 

such that -
1

+ -
1 
 = 1. Show that for real 

P 
numbers a, b 	0 

at' 	bq 
ab < 	+ — — 12 

P 

(c)  Prove 	or 	disprove 	the 	following 
statement : 12 

If 	B = (b1, b2, b3, b4, b5 } 	is 	a 	basis 

for 525 	and 	V is a two-dimensional 

subspace of R5, then V has a basis 
made of just two members of B. 

(d) Let T: 1123 	IR3  be the linear trans- 

formation defined by 

T(cc, I,  y) = (cc + 213 - 3y, 2a +513-4y, a +4(3+ y) 

Find a basis and the dimension of the 
image of 7' and the kernel of T. 	12 
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1. () xy-k-istic-t A z1 crit.cf 	r4( 	th--d7 

  

1 	1 
x3 cos— + y

3 
 cos- 

y 

f (x, y) = 

 

x2 + y2 

    

0 , STR2ll 

gRI ER 4141141 tr(771 (0, 0) ER f 	+11cfKr atR 

mar 414 	 *tr-A7 I 
	

12 

(4) 147 .acti-A7 p afiR q kit UM-04T aihiract, 	 

I -FT 1+  1= 1 tiTte-47 fa 11*-ctrat fieArall 
P 

a b  	< aft + ti 
	 12 

P 

(A ) ra 	11(1 	1 fH.5, tlf-AA aprar 38chf taunt 

12 

arz R5 	rMq B = 	b2 , b3 , b4 , b5} ' 

&Atm 	afR V kch t-fcRfief .314+ILIFE f R5 21, 

a1 v~r 	3-TRITi 6-1411q1 B kda FRF1114 

4-4t pn 6111 

(A) TiR 	T :R3  —> R3  1,a, 1171-  t,41-cR t, 

T(a, 13, y) = (a +213-3y, 2a +513-4y, a +4(3+y) 

1-T1 ErForrrEm t I T 	aTN 	T Sfedr411 

antiR atR lam fm1 	*I 	 12 
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(e) Prove that two of the straight lines 
represented by the equation 

x3  + bx2y + cxy2  +y3  =0 

will be at right angles, if b + c = -2. 	12 

2. (a) (1) Let V be the vector space of all 
2 x 2 matrices over the field of 
real numbers. Let W be the set 
consisting of all matrices with zero 
determinant. Is W a subspace of V ? 
Justify your answer. 	 8 

(ii) Find the dimension and a basis for 
the space W of all solutions of 
the following homogeneous system 
using matrix notation : 

	
12 

x1  +2x2  +3x3  -2x4  +4x5  =0 

2x1  +4x2  +8x3  +x4  +9x5  =0 

3x1  +6x2  +13x3  +4x4  +14x5  =0 

Consider the linear mapping 

f : I12 2  -) 1R 2  by 

f tx, 	(3x+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)}. 	12 

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

prove that —11 is a characteristic 

root of Adj A. 	 8 
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rff-4 c=re--A7 It ei-ntor 

x3 +bx2y+cxy2 +y3  = 0 

slu fRecd ate i-urail A A 	(14-ich)uil ER tril, 

gCb+c=-2t1 	 12 

2. () 	thf-Ag v qR.ciPich titseiraA 9 4-q tr{ 

Aifi 2 x2 all&kt r2r TAU wilt t I AR 

#11-A7 W 7F:1 TITTRIT 1:1F-0 P'41 al-F&O 

chit 	tl Flt WRT- 	 t V 

347I aci{ 	ERT TZ cici, tr-A7I 	 8 

PiHRiRdd HHVId fiTh-P4 	Pift 5(1.  *t 

arfz W 	 31T&O 1:47q 	TrrF 

axc. q  f-144( 	Via, 34M17 old 4rtr-  : 	12 

x1  +2x2  +3x3  -2x4  +4x5  =0 

2x1  +4x2  +8x3  +x4  +9x5  =0 

3x1  +6x2  +13x3  +4x4  +14x5  = 0 

(13) (i) f (x, y) = (3x +4y, 2x -5y) 5,10 WINT 

	 f :R2 ,R2 tft .ft-dR 11-471 

311TTR {(1, 0), (0, 1)) 	Altsga aii 	A 

3-TTVII )(1, 2), (2, 3)} 	1711*:tra 

34-r&30 B 
	

12 

(ii) 	fa ?c oeirsto-iung 3-117 A 

31-NuRTrui-F err t, a. fay tir-4 	III 

1;41 	aifiTFIeuTT 	t Adj A T I 	 8 
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(c) 	Let 

(1 i 2 + i` 
H= 2 1- i 

2 - i 1 + i 2 

be a Hermitian matrix. Find a non-

singular matrix P such that D = PT  H P 

is diagonal. 

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

f (x, y) = x3  +y3  - 63(x + y) + 12xy 

(b) Define a sequence s„ of real numbers 
by 

(log(n + i)- log n) 2  
— E 

Does lim sn  exist? If so, compute the 
n cc 

value of this limit and justify your 
answer. 	 20 

Find all the real values of p and q 

so that the integral T
o 

X P  (log )13  dx 

converges. 	 20 

4. (a) Compute the volume of the solid 
enclosed between the surfaces 
x2  +y2  =9 and x 2  +z2  =9. 	 20 

20 

20 

=1 	n + i i  
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TrR 

1 	i 	2 + i 

H= 	2 1— i 

2 — i 1+ i 2 

Wf) 	3-11W t I la' 	°=1c-',n+iuflil 341e P 

	

vcr 	1-+ D = PT  HP faTcrIf t I 	20 

3. () f (x, y)= x3  + y3  —63(x + y) + 12xy 	WU 

trforrrtm 	 % 	f P-utrzr tik 

1-43341 	ti&-wirt f-4T31  	 20 

(15)  sn 	(log(n + i)— log n)2 

	

i 	n + i 

	

S„ i trreurm 	I TErr 

iim sn  fir 31 	ac t? ifa tHr %, n T tilmr 
n 

1TR Wf T4-kW-OR itrftRt 3U-4 4711 VET A c14, 

sR7 trft7i 

p 	q 	Pitt a R.Ach 	 44Hfl Th'r 	 W-A7, 

Wft 	 xP (log +c)q dx 31RYWuT a,2 	20 

4. () '71 X2  +y2  =9 344 X2  +Z2  =9 

tifcc d111 3uzr-d4 a qft-*--d7 	 20 

6,111 	<41-11 

20 
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(b) A variable plane is parallel to the plane 

x y z 
- + - + - = 0 
a b c 

and meets the axes in A, B, C 
respectively. Prove that the circle ABC 
lies on the cone 

yz( b + c) + zx ( c + a) + xy(a + b) 0  
1 c b) 	1a c ) 	b a) 

(c) Show that the locus of a point from 
which the three mutually perpendicular 
tangent lines can be drawn to the 
paraboloid x2  + y2  +2z = 0 is 

X
2 + y2 + 4z =1 

Section—B 

5. (a) Solve 

dy _ 	2.xyeklY)
2  

dx  y2 (1+ ek/Y12 )+2x2 e(x/Y
)2 

(b) Find the orthogonal trajectories of the 
family of curves x2  + y2  = ax. 	 12 

(c) Using Laplace transforms, solve the 
initial value problem 

y" +2y' + y = e , y(0) = -L y'(0) =1 	12 

20 

20 

12 
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0) 1.,rich 97 k-144c1c4 3774 1-14(4 

X y z 

a b c 

9J-11-4{ t 3717 Shi-Pf: A, B, C14 340 1?1 fA9-41 

t I -rfr 	td ABC, *T 

yz
bc 

 + ZX 
c 
— + 

a 
--) + Xy [2 +-b)=0 

` 
,c b 	a c) 	b a 

TR Prd t 

01) T411s -FT kch 

x2  +y2  +2z = 0 i A17 1:111:7 MW VA 	71-1771T4 

4M1 i%, TT fq3794 x 2 +y2 +4z=1 

t I 

isiug-17 

5. () 6ci tINR : 	 12 

dy _ 	2xy 
, 2 

dx  y2 (1 + e(x /Y)2 ) + 2x2 e(x/Y)2  

ash-TO x2  + y2  = ax 	u 4 5149).  

	 tfiR1 	 12 

MP R1FEITall air 	 surnTT HI 

y" +2y' + y = e-t  , y(0) = 1, 00)=1 

Qcfl 	 12 

1 	trida77 

20 

20 
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(d) A particle moves with an acceleration 

a4 
X + — 

x3 

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

origin is —a. 
2 

(e) If 

A. x 2  yd -2xz3  + x2217 

B = 2zi + y.) - x 2-)  k 

a2 
find the value of 	(A x S) at (1, 0, -2). 

axay 

6. (a) Show that the differential equation 

+ y2 ,62 ± 	i)  dy  _ 0  (2xylog y) cbc + (x 2  

is not exact. Find an integrating factor 
and hence, the solution of the equation. 20 

(b) Find the general solution of the 
equation y-  - y" = 12x 2  + 6x. 	 20 

(c) Solve the ordinary differential equation 

	

x(x -1)y" - (2x -1)y' +2y = x2 (2x -3) 
	

20 

11  

12 

12 
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3/4 14194 3T1TI 4 34)1 	 *kat t I qC 3/4g 

f3/4r1rITTPan 3714340 a14 -4T*A, z7r],u4 

tru34 	tr-A-Ri 
	

12 
2 

-) 
A = x 2yzi -2xz3  j + xz2  k 

•-• 
B=2zi +yj-x`k 

(1, 0, -2) c 	
a 2

(A x B) 	1117 1tici 
ax ay 

*r*i 	 12 

6. (T) -T411-57f@F 313/4*@ f1 	114,1111  

(2xy log y) eh( + (x2  + y2 ily2 ± dy  0  

7rI1u1 	 11104 IjuiT ;11c( TherNg 37I1 

31-dRa (-14-11*tul *1 6c.-1 	 20 

.f4414b(Iff y"' -y"=i2x2  +6x wr 94144, 	-r 

I 	 20 

(10 1411-1731313/4*-F (4414ntu1 

x(x -1)y" - (2x -1)y' + 2y = x2  (2x -3) 

Fr irtNR I 	 20 
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7. (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  
distance 

 M 	
before coming to rest. Ai 2 _ 

ma
m 2 20 

(b) 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 

if -
b 

> f -1, the equilibrium is stable, 
a 

whatever be the weight of the particle. 20 

(c) 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 

141+p2  

where p is the coefficient of friction. 	20 

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

x = t, y = t 2  , z = 2  t3  3 

Show that the curvature and torsion are 
equal for this curve. 	 20 

p. log 
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7. () S,o 	41 i m 	ITT cic14, koh facer -tfaftR 
ass crt Agur cnkcit 3tR a" kch kit VAI alt z~ 
.1s1 tail t 	ss 	Ra1tVia,It fQtbiTttI 

t 	 1AI fel TR 	<:•444I4 

M (>   piT 	-13Tri-47 	41 0104 4  ass 
Aka, 

 

Thu faar Alef l cati3 Ar-aa 
AAcm A 	fatrAra4zTra3/4 'r& A f at 

acid Or  2 Mma 	-fla 	 3ITTIT I 
MM ma Tn 2 

frail a 	m urfl 31tirMh11giF ftA Tit  pa 
f-41 IR 7T Tut 	sr K311t 	at 	,faaTi b 

l' h Lica 	FITN 4-ccidi4 fa IR 111:4 4 
34A4 421-) TP3 ITT &CM PO I Ul 	*I* 	 

-b > 	-1 t, al chur aT 4R -=Q 
a 
ArnuraTar P-Trzit et MI 	 20 

kq' -Q,44,414 taFT (A) 3/4 i 	i4 3/41-44 -73/4 
arra w-ct 4Faa 	Ara-Ern At3/4att % I fa.G 
4lf-  13/4 *T-3/4a4 fates T1 

2  
3 	

11 
11TIM glog 1+11+ 
	t, 	 

tl 

8. () z-tllz WiltA 1-0:M*11A1 317*-18 
ncir 3117 faAlaq tribute Stra7 3A44 

x = t, y = t2 , z = t3  

4+4.4 cftm--d4*tri azifF f3/4 	a3/4 3/4 
fog, nit $t fdttlaq WkIWl t I 

20 

(g) 

(T) 

20 

20 
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(b) Verify Green's theorem in the plane for 

fc((xy + y2 ) dx + x 2  dy) 

where C is the closed curve of the region 

bounded by y = x and y = x 2  . 	 20 

(c) If F = y i + (x - 2 xz) j - xyk, evaluate 

JJ(V x ) 

where S is the surface of the sphere 

x2  + y2  +z2 = a2 above the xy-plane. 	20 
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(N) fc 
[(xy +y2 ) dx + x 2  dy] 	“4-1 O.  

slim WI Fictlit14 tfm7, M 	1 C k.iqd ash t, y = x 

31'1( y = x2  flu tra4 Ta-Tr m-r I 	 20 

-• 
(7 ) 	 F = y i + (x -2xz)j - xyk, M 

xF) n ci-s' 

4-11-11ch 	 S 	di 

x2  + y2  +z2  = a2  I xy-(44ciei .3)4( 	It( 

tl 	 20 

* * * 
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3774 311( 491 mum.  4 ford terra atfm, 0-RR 34u art cr--  STEW-97 
r3 tin t1t77 t, ark Pt MUM' TT RE 34(§1 	gu-gg rff 

34.ku Afa RIR 17r feral 417r weegi v4w-crif rVt 3i Rid vrtzvf 
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327 SW 	Mit 371111/39-11P11 	41( FfT2/-2TR/ I Iff.nr ard zrg 

aiv4 	R rift faa4 fclq awl 40 t4 	Pres 3777 Wit 
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Note : English version of the Instructions is printed 
on the front cover of this question paper. 
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