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MATHEMATICS (PAPER-I)

|Time Allowed : Three Hours l | Maximum Marks : 250

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 question 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 same clearly.
Unless and otherwise indicated, symbols and notations carry their usual standard meanings.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a
question shall be counted even if attempted partly. Any page or portion of the page left blank
in the Question-cum-Answer Booklet must be clearly struck off.
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@us—A / SECTION—A

1. (a) @ wg=@ V86 nxn & arates e of §) Rame & sg== v, R ® w ok @i
71 3 f=-fim 2 x 2 A =1 % 3aer dfg

Consider the set Vof all n x n real magic squares. Show that Vis a vector space
over R. Give examples of two distinct 2 x2 magic squares. 10

(b) "F1 M,(R) @t 2x2 Irafys oMeggl =1 4w @wiE ¥ wEm B=[_14 ﬂ. i)

T: My(R) > M,(R) T Waw i@ B, S T(A) = BA K1 qRiya 21 T 6 9 (%) =
e (Afafe) Fra Fifm) s A T AR, S e w wiiiia w2

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

(c) lim (tan x)¥" 2% &1 qF Pefig)
x——)%
Evaluate lim (tan x)%° 2%,
x> 10

(d) % Rx+3)y=(x-1)2 F aqfi raeell Fwfa)
Find all the asymptotes of the curve 2x +3)y = (x - 1)2. 10

(e) ddgma 2x2 +6y? +322 =27 F WA THAA W wWhWW e, St oX@r
x—y—z=0=x—y+22—9@'ﬁﬁﬁ’ﬁlﬁl%l
Find the equations of the tangent plane to the ellipsoid 2x2 +6y2 +322% =27
which passes through the line x-y-z=0=x-y+2z-9. 10

2. (@ I;tan_l(l —i)dxﬂﬂﬂﬁ Frefere |

Evaluate I(l) tan~! (1 - l) dx.

X 15
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(b) T nxn JE A B TR AR, SR A = T-2u-u”, &l u TH THE WA AR R
(i) whem AR % A wufia R)
(i) whew Hifv A il 21
(i) ey fF g A F SgE (n-2) R

(iv) SR Agy, o FibTfere, S u =| 2 |21

wi Wi W=

Define an nxn matrix as A=1 —2u-uT, 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
(iv) Find Az,3, when u=|2|
2
3 20
() @@%mmaﬁamﬁmﬂ%m,ﬁmﬁm—%aﬂ,%mf:%=§%méwﬁmw
Anfei® o x2 +y2 =4, z=21%|
Find the equation of the cylinder whose generators are parallel to the line
%: _—y2 =§ and whose guiding curve is x? +y2 =4, z=2, 15
3. (@) Ti= e W famm Hifvm
flo = j(’)‘(t"’ -5t +4)(t? -5t +6)dt
(i) HEA f(x) S wifae fag Fefera)
() A fag Premfre, Stel £(x) 1 T =ggan 2|
(i) 3 Tag Perfer, Si&t f(x) 1 <ot stftremas €
(iv) weA f(x) % [0, 5] % fra I T, Fremfer
Consider the function f(x)= j:(t2 —E':ot+4)(t2 -5t+6)dt.
(i) Find the critical points of the function f(x).
() Find the points at which local minimum occurs.
(ii) Find the points at which local maximum occurs.
(iv) Find the number of zeros of the function f(x) in [0, 5). 20
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(b) WA F A demsl 1 0F e 2 9 T: F 3 — F3 us Y1 wom 2, ) B w9 @ qRonfya

(c)

?:
T(x), x5, x3)=(x) +x5 +3x3, 2% — X5, -3% + Xy ~X3)
a, b cRA AL (q b o, TH 3 anfd § #? T <1 Y= feTfery)
Let F be a subfield of complex numbers and T a function from F3 — F3 defined
by T(x), X3, x3)=(x; + X5 +3x3, 2x) — X5, —3%; + X, -x3). What are the

conditions on a, b, c such that (a, b, ¢) be in the null space of T? Find the
nullity of T.

wﬁm%@f:%:??@5yz—8zx—3xy=o%s?ﬁqmaﬁmaﬁ%uﬁaﬁ%

TF B, 99 I QA SR b Tl P

If the straight line —l)f=g =— represents one of a set of three mutually

perpendicular generators of the cone Syz-8zx-~3xy=0, then find the
equations of the other two generators.

ic|
1 0 2 -1 2 2

A=|2 -1 3| 3R B=| -4 0 1

4 1 8 6 -1 -1

() AB3@ HRwm)
(i) R (A) 9 GRRE (B) Ia i)
(iii) = e il & P w1 5@ et
x+2z=3, 2x-y+3z=3 4x+y+8z=14

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

(i) Find det(A) and det(B).
(i) Solve the following system of linear equations :

x+2z=3, 2x-y+3z=3, 4x+y+8z=14
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(b) R e X Y o % i s 3 Red fig w1 figea R

a b2
Find the locus of the point of intersection of the perpendicular generators of
2 2
the hyperbolic paraboloid X Y -2z 15
a? b2

() = it sifuiia Tors Rt = W w6 B u = x2 +y? + 22 F W A 9@ AR, S
2x +3y+ 52z = 30 T g WieEftE 3

Find an extreme value of the function u = x2 +y? + z*

, subject to the condition
2x +3y+52z =30, by using Lagrange’s method of undetermined multiplier. 20

@Wvs—B / SECTION—B
5. (o) T sEwa wiew & g@ Fifg
xcos(%)(ydx +xdy) = ysin(%)(x dy - ydx)
Solve the following differential equation :
xcos(%)(ydx +xdy) = ysin(%)(x dy —-ydx) 10

(b) Fa-Fd, s g (0, 2) W (0, —2) A TSR ], F TEHIVIA TS Frd FC
Find the orthogonal trajectories of the family of circles passing through the
points (0, 2) and (0, -2). 10
() a, b, c% fFa R % fag afikw &=
V = (-4x-3y+a2g)i + (bx +3y+52) j+@@x+cy+327)k

goff &7 @9 V R ARm Bem ¢ I YA F w9 § = F) ¢ B 3@ Fifw
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 ¢.
Determine ¢. 10

(d) TF THEAH B, S FATE e F }, A0 Th R W 0T 9 | 909 Wt ¢ a0 g /R
W Y T OF AR a9, s 79 98 % AR H Nl ¥, T SER ¥ U W/ ikl A
2| Saise & @R A frm wio W o8 faum w=uf)

A uniform rod, in vertical position, can turn freely about one of its ends and is
pulled aside from the vertical by a horizontal force acting at the other end of
the rod and equal to half its weight. At what inclination to the vertical will the
rod rest? 10
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(e) Th Eehl 5 B ABC A o %v1, oW @ & 1 5FHH m R, A, BAN C R &8 gL 1 30
B8 %l fag A ¥ BC 0 & TR R fag | o 9@ P % g1 wiveaq wwa sl ¥ R AR

2 2 2
frtm g st mam L £ @b+ & ot AR _qwn BC=b.
2 m a2 +ab+b?

A light rigid rod ABC has three particles each of mass m attached to it at A, B
and C. The rod is struck by a blow P at right angles to it at a point distant from

2 2 2

A equal to BC. Prove that the kinetic energy set up is L il a—-g—é-i,
2 m g2 +ab+b?

AB =a and BC =b. 10

where

6. (a) W= fa=rw faft &1 WM &, a1 e wifiew &1 5@ Fefee, aft y= e, T weH
(CF) I THeEA R :
y"+(1—cotx)y’—ycotx=sin2x

Using the method of variation of parameters, solve the differential equation
y” +(1 —cotx)y’ —ycotx =sin? x, if y=e * is one solution of CF. 20

(b) feu mu alkw e A, W& A = (3x2 +6y)i —14yzj +20x2? k, % foIq _[c A.dr 1 "W
fremrfere, sef Ccf&ig (0, 0, 0) A (1, 1, 1) e o vl A AR R
() x=t y=t2, z=t3
(i) W& @ (0, 0, 0) | (1, 0, 0) & e W, T (1, 1, 0) & @on TR (1, 1, 1) T
(iii) W@ @ (0, 0, 0) ¥ (1, 1, 1) T Sigd W
w1 wft et & witomm gam 87 FRor 6 e ki)
For the vector function A, where A =(3x2 +6y)f —14yz_}'+203xz2 k, calculate
Ic A.dr from (0, 0, 0) to (1, 1, 1) along the following paths :
() x=t y=t2 z=t3

(i) 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, O, 0) to (1, 1, 1)
Is the result same in all the cases? Explain the reason. 15

() TH3I® ADQ e BT C W fasm &ar §, 6% AB = BC = CD. I 941 11 % < g&
STEm IRk T IR p kg, 95 A 9 ™ ST A1 T R g kg, &g D & deHm@n S 38 6
R §asT |
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
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7. (a) @W@Hqﬁwﬁaiﬁﬁm,mﬁﬁmﬁﬁﬁ=xyf+yz}+xzﬁwm SWeg s fe
e z=1-x2, 0<x<1, 2<y<2 % R d, Tal S suRgeh i 3
Verify the Stokes’ theorem for the vector field F =xyf + yz_}'+le€ on the

surface S which is the part of the cylinder z=1-x2 for 0 < x < 1, -2<y<2; Sis
oriented upwards. 20

(b) TG FIR FT TG FH TRF A WA ty” + 2ty +2y = 2; y(0) = 1 71 y'(0) B
?, 9 77 A 71 38 7@ w5 i 27

Using Laplace transform, solve the initial value problem ty” +2ty’ +2y =2;
Y(0) =1 and y’(0) is arbitrary. Does this problem have a unique solution? 10

(€ () R THEHR W B, S A AR WA E, T 7§ w9 d gl o e 99 B
HA A AN 3N RN AR W AR R T Reb B B o ¥ ) T F R @ woh B,
w0 &ferst foreol % srgfew R, 30 W fen ™0 R ) 38 ) B2 W Wi R

(i) TFHU A VH g a A ok Y Tem e W ¥ T ar ¥ FE @ w9 H wihe
T A - R g g p R Rwmge 5 w B ar F R A =Eaw g A 2, wwt

VA =yu? + p2v?* — . el p w s R

() A square framework formed of uniform heavy rods of equal weight W
Jjointed 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 along the horizontal diagonal. Find the thrust of the light
rod. 10

(i) 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 V2) = \/p.z + p2V4 —u. Here p is a constant. 10

8. (@ () T rawa arfiew g Hifv .
(x+1)?y” - 4(x + 1)y’ + 6y = 6(x +1)? +sinlog(x +1)

(i) 3aFHA THH 9p2(2 - y)? =4(3—y)%aw1waﬁrﬁasaﬁ$r%q,aﬁp=%.
() 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

2 2 — dy
9 P 2 y’ =43 y), where pP= .
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(b) U8B TAHA Ufo-ﬁds % AR FeEmm, sEl Fe=yi+(x-2x2)j-xyk @ S
S

A x2 +y2 +22 =a? N TR Y, N xy-TA F IV

Evaluate the surface integral HV xF-hdSfor F = yf +(x—2ch)_Ai—xyfc and Sis
S

the surface of the sphere x% + y2 +2z2 =a® above the xy-plane. 15

(c) T <R ufeE awen ol g, R 3o e MR, % TR o g ® W 5w |
qftymo B FHE: moad k ¥ ® 9k H B ra I 2% S 99 P @Y 9 (3F) |

mm%,mmiﬁﬁmﬁamm—%%mﬁmmgﬂmmm

M+gmL
r2

AR ot 1AM T D gd wdo o ga & wfdy T )

A four-wheeled railway truck has a total mass M, the mass and radius of
gyration of each pair of wheels and axle are m and k respectively, and the
radius of each wheel is r. Prove that if the truck is propelled along a level track

by a force P, the acceleration is and find the horizontal force

omk?2’
r2
exerted on each axle by the truck. The axle friction and wind resistance are to

be neglected. 15

M+
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