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MATHEMATICS (PAPER-I)

Maximum Marks : 250 |

Time Allowed : Three Hours

QUESTION PAPER SPECIFIC INSTRUCTIONS
(Please read each of the following instructions carefully before attempting questions)

There are EIGHT questions divided in two Sections and printed both in HINDI and

in ENGLISH.

Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE guestion from each Section.

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.

Assume suitable data, if considered necessary, and indicate the
|s and notations carry their usual standard meanings.

same clearly.

Unless and otherwise indicated, symbo
ns shall be counted in sequential order. Unless struck off, attempt of a

mpted partly. Any page or portion of the page left blank
must be clearly struck off.

Attempts of questio
questiun shall be counted even if atte

in the Question-cum-Answer Booklet
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HUE—A / SECTION—A

@ WAl A=A vﬁmﬂxnﬂsm&ﬁﬁﬁmaﬁ‘%lﬁﬁﬁqﬁﬁﬁgﬁq V, R W & aftw wfe
1 9 fm-fim 2 x 2 A @ % 3em A

Consider the set Vof all nx n real magic squares. Show that Vis a vector space

over R. Give examples of two distinct 2 %2 magic squares. 10

beHmME{R]Hﬂzxzmﬁmma@ﬂnﬁmﬂwﬁhﬂmB={_l4 ':].m

T: My(R) - My (R) w& s wviem &, 5! T(A) = BA T wfonfia ¥ 76 =R (&) =
¥ (feri2) W Fifm) R A T iR, g s W e R

. 1 -
Let M;(R) be the vector space of all 2x2 real matrices. Let B={_4 4}

Suppose T': M, (R) - M,(R)is a linear transformation defined by T{A) = BA. Find
the rank and nullity of T\ Find a matrix A which maps to the null matrix. 10

2- >
fe)  lim (tan x)* 2% g7 95 el -]
x—3 e
Evaluate lim (tan xj'®"2*,
xh 10
(d) =& 2x+3)y = (x~1)? % ot e el
Find all the asymptotes of the curve (2x+3)y =(x-1)2. 10

fe) agest 2x?+6y? +32%2=27 F Wi wwa + whwew fERw, W Y@
x—y-z:ﬂ=x-y+23—9ﬁ§ﬁ=‘({ﬁ!ﬂ1%l
Find the equations of the tangent plane to the ellipsoid 2x2 +6y? +322 =27

which passes through the line x-y-z=0=x-y+2z-9, 10
2w YL =
223
ﬂtm“[l-l]drmlmﬁwﬁ‘fru
X
Evaluate _[:tan'l(l——l-Jdr.
x 15
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&" LR AW “%-mﬂ=f-2u-ur+ﬂﬂuﬂﬁrﬁﬂiﬂﬂﬁﬂtl

(i) A& i 5 A wife 3
(ii) m%wﬁ‘mmin-zm
oY

: 3
(i) STE Ay Fremitre, s u = | 2| %)

2
3

Define an nxn matrix as A =I1-2u.u’, where u is a unit column vector.
(i) Examine if A is symmetric,
(i) Examine if A is orthogonal.
(i) Show that trace (A)=n-2,

1
3

fiv) Find As,q, when u= -% .
% 20

() uH TR A F WO P, R s-tard, T %=%=§%m%mm

wrfesis 9% x2 +y2 =4, z=21%|

Find the equation of the cylinder whose generators are parallel to the line

%=% =Z and whose guiding curve is x?+y® =4, z=2. i%

3. (o) T wem w faam A
fix) =L"{F -5t +4)(t2 -5t +6)dt

fil weA f(x) F wifos fag Femfen)

(i) 3 fig Praferg, sl f(x) 1 varia s g

i) 3 fig Prmfire, 5wl f(x) 1 vl e g

(i) FER f(x) % [0, 5] 7 et g €, Fewferg)

Consider the function f(x) = g{:ﬂ -5t+4)(t? -5t +6)dt.

3

() Find the critical points of the function f(x) 3

(ii) Find the points at which local minimum occurs. o g 3/'

fiii) Find the points at which local maximum occurs. L3

fiv) Find the number of zeros of the function f(x) in [0, 5} — & 20

3 | P.T.O.
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(b) WFEﬁﬂﬁwaﬁaﬂmmﬁgtaT:pﬂ_,F3qaﬁl’{mﬁﬂﬁfﬁﬁmm%qﬁ
k:
Ty, x5, x3) = (x; + x5 +3x3, 2X) ~ Xz, —3% +X3 = X3)
a b, cRFANTIE (g b o, 7%y adfe #§ 27 TR @ Pl

X 3 3 d
Let Fbe a subfield of complex numbers and T a function from F~ — F deFmt; -
by Tx, x,, X3) =[x + x5 +3x4, 2x; — X5, —3x) +Xg —X3). What I;]'-ed s
conditions on a, b, ¢ such that (g b ¢ be in the null space of T? Fin s

nullity nffi".i ﬂ'f"::d, L+ic =0

fc) aﬁmahm—‘;5=E=§ai§5yzuszx-3xy=n#fﬁﬁmﬂiﬁ$maﬁﬁﬂﬁfﬂﬂﬁ
2
UH R, T 7 9 s & weiw Rl

If the straight line -‘%:%:5 represents one of a set of three mutually

perpendicular generators of the cone 5yz-8zx-3xy=0, then find the
equations of the other two generators.
- PR

15

4. (a) =M
1 0 2 =119 9
A=|2 -1 3| st B=| -4 0 1
4 1 8 6=l =1
il AB 3 $ifem)

(i) WP (A) 3 AR (B) I )

i) T Yaw wiwl & frem w1 T Pl
x+2z=3 2x-y+3z=3, 4x+y+8z=14

Let
1 O 2 -11 2 2
A=|2 -1 3 and B=| 4 0 1
4 1 8 6 -1 -1
fi) Find AB.

(i) Find det(4) and det(B).

(i) Solve the following system of linear equations :
X+2z=3, 2x-y+3z=3, 4x+y+8z=14

URC-U-MTH/45 4



=22 % i s % whredz fig w figra B

Find the | p .
ocus of the point of Intersection of the perpendicular generators of

! 2 2
the hyperbolic paraboloid % _ y—z- =2z °

a? b
fe) = = i e Rl i e v u=x?+y? 4 22 % W AW W Hfw, F
2x +3y +5z = 30 Wid T whvifin 3
‘ |
:mdaan Esxtreme value of the function u = x2 4 y? +2?, subject to the condition !
x+3y+5z= i A ' :
Y+5z =30, by using Lagrange’s method of undetermined multiplier. 20

@J “f?rwﬁrha;trmmii__y*

a B2

X=738 use
.1'1' h:-'i'"ﬁ. -

WU=—B / SECTION—B
5. (a) P waFa wiem 2w it .

xcus[%]{ydx +xdy) = ysin[%][xdy - 1y cx)

Solve the following differential equation :

N CIo .
(P 753, G0, 26 (0, -2) 3 o }, T w34 I A
Find the orthogonal trajectories of the family of circles passing through the
10

points (0, 2) and (0, -2).

¢ a b, c¥ fra am ¥ o afkn &4
V =(-4x-3y+az)i +(bx+3y+52) j+[@x+cy+32 k

Iefl &7 @ V R e %o ¢ i vavm F w9 = fifew) ¢ R 3@ Sifw

For what value of a, b, c is the vector field
V =(~4x -3y +az)i +(bx+3y+52) j+{¢x+cy+32)k

irrotational? Hence, express V as the gradient of a scalar function ¢.
10

Determine §.

(d) @Wﬁ,ﬁmmﬁt,muﬁﬁﬁmﬁﬁamﬁaﬁzmm%mmﬁ&
T T T T AfS o, FEE WH 9% % WR F A R, w0 S R O s i

&) Faren £ S @ e Fow e fym s

A uniform rod, in vertical position, can turn freely about one of its ends and is
vertical by a horizontal force acting at the other end of

lled aside from the rce a : .
E:: rod and equal to half its weight. At what inclination to the vertical will the

rod rest?

10

[P.T.O.
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ABC @ 1 7m, i @ 9% %1 79 m R, A, BTN C WY g §) 3
" ::ﬂﬁgifscmﬂamﬁimﬁgmmﬁP%mmmmhﬁz%

1 P2 a? —ab+b* %, s®l AB =aa®m BC=b.
P b gl o s o o - S b

A light rigid rod ABC has three particles each of mass m attached toitat 4, p

and C. The rod is struck by a blow P at right angles to it at a point distant from
o .o 1 P? a® —ab+b? -
A equal to BC. Prove that the kinetic energy set up 2 a2 rabepdt T ere

AB =a and BC=h. 10

6. (g) = fw faft =1 wim =k, fim sEwa wiem = @ fe, aR y = e, & wem
(CF) %1 0% &l &
y” +(1-cotx)y’ - ycotx =sin? x
Using the method of variation of parameters, solve the differential equation
y”+(1—cotxy’ -ycotx =sin? x, if y=e * is one solution of CF. 20
/ﬂﬂ" faw m wldm wem A, Wl A =3x2 +64)i —14yz j +20x22 k, F o _[:Eﬁ w §R
frifer, sief cfag (0, 0, 0) A (1, 1, 1) 7% Fr=r oot A PR & 4
N o S, %, %
(i) W @ (0, 0, 0) & (1, 0, 0) 7 el W, R (1, 1, 0) & T B (1, 1, 1) 7=
fiii) & @ (0, 0, 0) ¥ (1, 1, 1) T SEA |
1 |t Fefe A gt g #7 %o 6 smen St
For the vector function A, where A =[3x2 +E;,111 —14yz}+20x32 i?:, calculate
jc A-dF from (0,0, 0) to (1, 1, 1) along the following paths :

] x=t y=t2 z=1¢3

(ii) Straight lines joining (0,0,0) to (1,0, 0), then to (1, 1,0) and then
to (1, 1, 1)

(i) Straight line joining (0, 0, 0) to (1, 1, 1)

Is the result same in all the cases? Explain the reason. 15

() T <E ADT ¥eid B C W f34™ % 8, Fafh AB = BC = CD. T8 w1 71 6 4 g%
ST 32 T A p kg, g A A v g . 0% WK g ke, iz DA e ww) % W
IR 91T
A beam AD rests on two supports B and C, where AB =BC=CD. It is found
that the beam will tilt when a weight of p kg is hung from A or when a weight of
g kg is hung from D. Find the weight of the beam. 15

URC-U-MTH/45 6




7. fa)
mmﬁm%,mﬂﬁmhfnxy§+yzj+mﬁﬁm SR

2
: » 0= xg], “2 <y <2 fiem R, Wl S awfopdt sififier 2
\El‘i.r ¥ F -
¥ the Stokes theorem for the vector field F=xyi+yzj +xzk on the

surface e v
; S which is the part of the cylinder z =1 - x2 forOsx<1,-2<y<2; Sis
oriented upwards, ’

20
(b) ;T';m BRI LG o c B o p— " + 2ty +2y = 2; Yylo) =1 am y'(0) Bres
» TR F) w0 o e &7
Using Laplacf‘ transform, solve the initial value problem "+ 2ty +2y =2;
y0)=1 and y (0) is arbitrary. Does this problem have a unique solution? 10

fe) () =R wFwEm i v, 5 wnm R Wl &, @ @ & w9 et v wwd b
AR I ogan 2) W W At 2 =) o B A e ) s o e v,
ﬁéﬁaﬁﬁ#aﬁmt,m@a%wtlmmﬁwmmml

(@) T F F VA 5l gt o 3 % oy o e e 21w AR F A e S i
waﬁwﬂ&@imm{ﬁphﬁWﬁHM#aﬁ%hﬁW{ﬂ AR, wl

V23.=«,,J'p.2 + p?v? — . T p U =R

) A square framework formed of uniform heavy rods of equal weight W
jointed together, is hung up by one corner. A weight Wis suspended from
each of the three lower corners, and the shape of the square is preserved
by a light rod aleng the horizontal diagonal. Find the thrust of the light
rod. 10

(@} A particle starts at a great distance with velocity V. Let p be the length of
the perpendicular from the centre of a star on the tangent to the initial
path of the particle. Show that the least distance of the particle from the

centre of the star is A, where VZ) = -u.,|'1u.2 +p2ve —u. Here p is a constant. 10

8. (@) () T EFe wiwwm g fif .
[x‘l-1}2‘[}"-4-{.[+1]y’+ﬁy=5[.x+1]2 +sinlog(x +1)

(i) sEwa wiwm 9p? 2 - y)? =4p-g#maﬁﬁaﬁﬁmﬁ'ﬂﬂﬂp=-‘f—é.

fij Solve the following differential equation :
(x+1)%y” -4(x +1)y’ +6y = 6(x +1)? +sinlog(x +1) 10

(i) Find the general and singular solutions of the differential equation

2y 42 = = h =§£.
9p“2-y°~ =43-1), where p = 10

URC-U-MTH/45 7 [P.T.O.
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5

(c

P, el F =yl +(x-2x2) j - xyk ™ s

3, s xy-AE TR

ﬂﬂx2+y2+zg=a2'ﬁm v .. *
Evaluate the surface intggra] -”.? KF- fds for F =1t '1'{.‘: —EMJ—xHE and Sis

5
2 = g? above the xy-plane.

2.2
the surface of the sphere x~ +Y +zZ <

il =ren WA ,ﬁmﬁlga:mﬁmt, T 3
mﬁmm:mafk%mmiﬁﬁﬂ;hﬂﬁﬁﬁm P Hill Uy (35) o
e s B, @ fag A R s @ Z%Wﬁmmgﬂqmw

M+
r!

= 7@ %1 7F wa i qﬂqﬁmammnﬁﬁqqﬂwtl
r-wheeled railway truck has a total mass M, the mass and radius of
eels and axle are m and k respectively, and the

that if the truck is propelled along a level track
, and find the horizontal foree

A fou
gyration of each pair of wh
radius of each wheel is r. Prove

by a force P, the acceleration 18 A
M+—
"

exerted on each axle by the truck. The axle friction and wind resistance are tg
be neglected.

15

* W W
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