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MATHEMATICS (PAPER-I)

 Time Allowed : Three Hours ‘ Maximum Marks : 250 \

1

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.

URC-U-MTH/45 1 | P.T.O.



https://prepp.in/

www.prepp.in

prepp

Your Personal Exams Guide

QYue—A / SECTION—A

1. (a) AETEF=E V99 nxn % aratas is o1 €| ey 7 vg=m v, R ® ™ afty gafe
g1 2 fim-1a 2 x 2 Bfss of % semw G

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} WA M,(R) 8Hl 2x2 drdides =gl =1 Hiew @€ 81 WM B = 14 _41, BIE)

T: My(R) — My (R) T Igsh €Wl 8, S T(A) = BA 311 qRaTfym 8) 7 & #if (=) 4
T (FfAR) F1a KT egE A T FiRNE, T Y ST S SR wa )

o

1 -1
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

Let M,(R) be the vector space of all 2x2 real matrices. Let B =

¢} lim (tan x)*@®° 2X 31 OM TeRTITE |

T
X~y
a

Evaluate lim (tan x)'@" 5
T

X

a 10

(d) % 2x+3)y=(x-1)* &F g A7aeysif Feprfem)

Find all the asymptotes of the curve 2x+3)y =(x—1)2. 10

(e} T 2x° +6y* +32z% =27 F I GHAA w1 GHEw  feefere, St
x—y—z=0=x—y+22—91}{ﬁﬂv—(ﬂﬁ1ﬂ1%l
Find the equations of the tangent plane to the ellipsoid 2x? +E:}y2 +32% =27
which passes through the line x-y-z=0=x-y+2z-9. 10

2. (a) I;talil(l 1)dxmmﬁwﬁw

X

, |
Evaluate .[0 tan ! [1 — l] dx.
15
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(b} EnxnaﬂﬁﬁﬂﬁqﬁﬂTﬁﬁW,ﬁaﬁA:I—Qu-uT,ﬁﬁu%‘a’zﬂéﬁiﬂﬂﬁﬂ%l
()  Them il 76 A quiva 2|
(i) aliem e T A SIisE 8|
(i) Tearsu T TR A F1 3T (n - 2) B

-

T

(iv) =g A, ., FEIfem, SafF o =

r
WORT SURPU ] (PR

—

; 23 : ;
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.

I
5

: | , = | 2
(ivj Find A, 5, when u =) £\
2
3

3 4 20

(c) @@éﬁﬁﬂﬁwﬁmﬁmﬁmﬁw%@i%@%=%=5%m%ﬁmﬁiwl

3
eyl T x° +y2 =4, z=27%I
Find the equation of the cylinder whose generators are parallel to the line
X _ Y _2 and whose guiding curve is - +y2 =4, z=2.
1 -2 3 15

3. (a = wem W R Hiie -
flo = [ (6% -5t +4)(t? -5t +6) dt
(i) T f(x) = sifde g M)
(i) 9 Tag Fremfer, SEl f(x) =1 TurE =Fad 2|
iii) A fag T, SRl f(x) %1 e sfbewas g
(iv) ®eA f(x) % [0, 5] A e == w1, FeRTiT

Consider the function f(x)= Iﬂx(t2 - St +4) (12 - St +6) dt.

(i) Find the critical points of the function f(x).
(i) Find the points at which local minimum occurs.
(iii) 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) TH FAf®y 98l &1 U Waa 2 9 T2 F° 5 F3 uF 00 %o 2, 9 T w9 @ gl

Xy, Xo, x3)=(x; +Xq +3x3, 2x; — Xy, =3%; + X5 ~X4)
a, b, ctl'{?m?lﬁ%ﬁ"[a, b, o), Taﬁ‘ﬂfﬂﬁﬂf@ﬁ%? Tﬁﬁfﬂmﬁﬁﬁml

Let F be a subfield of complex numbers and T a function from F° — F 23 defined
by Tlx), x5, X3) =(x; + X5 +3x3, 2x; — x5, -3X; + X5 —X3). What are the
conditions on a, b, ¢ such that (@, b, ¢} be in the null space of T? Find the
nullity of T. 15

@ = we X X =Y =2 vig syz-8zx-3xy =0 ¥ dH TR @il s ¥ wOew A @
U 8, 9 F4 g1 IS & g feifern )

It the straight line T=2d=2 represents one of a set of three mutually

1 2 3
perpendicular generators of the cone 5yz-8zx~3xy=0, then find the
equations of the other two generators. 15
4. (aj WMl
"l @ 2 -11 2 2]
A=[2 -1 3| 3R B=| 4 0 1

4 a8 ¥ 6 =1 =1

(i} AB @ Fiu|

(i) GV (A) 9 AR (B) 914 Hifsm |

(i) = W arieen * e w1 ga e
X+22=3, 2x-y+3z=3, 4x+y+8z=14

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

(1) Find det{A) and det(B).

(i1i} Solve the following system of linear equations :

xX+2z=3, 2x-y+3z=3, 4x+y+8z=14 15
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) S e XY 20, % i s % el fig w1 figen R

a b2

Find the locus of the point of intersection of the perpendicular generators of
2 2
the hyperbolic paraboloid 2 15
a? b2

(c) wmrs & stfuiia o Tt w1 99m w1 eH w = x? +y? + 22 F T 4E ¥4 RN,
2x + 3y + 52z =30 I R Aia=id 2

Find an extreme value of the function u = x° +y2 + z°

, subject to the condition
2x +3y+5z =30, by using Lagrange’s method of undetermined multiplier. 20

TWus—B / SECTION—B

5. (o) T srawa wfiew + g FIiT

xcos[%)(ydx +xdy) = ysin[%)[xdy -y dx)

Solve the following differential equation :

xcos(g][ydx+xdy) =ysin(y](x dy ~ y dx) 10
X X

(b) FA-Fe, S T9g (0, 2) T (0, —2) § TERAI 8, T TTe=hIv{F S| [id =it )

Find the orthogonal trajectories of the family of circles passing through the
points (0, 2) and (0, —2). 10

(c) a, b, ¢ a7 = ToIC afen &3
V =(-4x-3y+az)i+(bx+3y+52) j+@dx+cy+33k
eoff 87 A9 V I 31T Bl ¢ ) JAURT ok €9 H =Ah hifoig| ¢ < Ta i)

For what value of a, b, ¢ is the vector field

V =(-4x-3y+adi +(bx +3y+52) j+{@dx +cy+32k

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

(d) T& THEEH B, S FEER I H 7, 3704 Teh A W WdA ®Y W 9T R Ghdl © ad g R
W TN T U QS o9, R TF B % YR 1 A9 €, 0 FHEW W UH T Gl Sl
2| ¥aET T SR | 658 3o w g fasm s

A uniform rod, in vertical position, can turn freely about one of its ends and 1s
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

URC-U-MTH/43S S | P.T.O.
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(e) UF &ohl §¢€ 98 ABC ¥ dH &1, 1 8 &b &I TTHH m 8, A, BAUT C W9 gL &I A
D€ %l {93 A ¥ BC T & =R T¥a &g | o 991 P & g1 o=aq AR 511 @) firg hifs

. 7
Frdmgd R et wram = - & —OP+D" & o A _g@en BC=b.
2 m g% +ab+ b

A hght 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 A B & —ani e where

2 m g2 +ab+b?
AB =a and BC = b. 10

6. fa) YRR Ta=Re fai¥ &1 3G w66, FE 37awe gl F ' HRiae, I y = e ™%, I e
(CF) %1 & & @ :

y”"+(1 —cotx)y’ —ycotx = sin? x

Using the method of variation of parameters, solve the differential equation

y”+(]_ _C(}tx)y’_ycotx = SiH2 X, 1f Y= E,’_x iS or1e sc:lution Df CF 20

(b) feu Tu wiew wa A, W& A = (3x° +61)1 - 14yz j +20xz° k, & fem jc A . dr &1 9
fepTieT, SRl C 15 (0, 0, 0) A (1, 1, 1) % 7= vl | FSRW ©
) x=t, y=t2, z=1t>
(i) W@ @ (0, 0,0) A (1,0, 0) dF Ie+ |, T (1, 1, 0) 9 7o TR (1, 1, 1) 9=
(i) W& @1 (0, 0,0) T (1, 1, 1) T S |
1 ot Teafaa o aftormy sam 87 RO 6 e FiRn)

For the vector function A, where A = [Ei:::2 +6y)f —14yz}+20ng k, calculate
.[:,‘ A .dr from (0,0, 0) to (1, 1, 1) along the following paths :

(i} x=t, y=tz, e

(i} Straight lines joining (0, 0, 0) to (1, O, 0), then to (1, 1, 0) and then
to (1, 1, 1)
(it} Straight line joining (0, G, 0) to (1, 1, 1)

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

(c) TH T2 AD T e BT C W {a9u™ & 2, §&6 AB = BC = CD. 98 91 T4 T 38 g
S A6 Tk ¥R p kg, T9g A 9 @A SC 1 Tk 91 g kg, 19§ D 9 THAI AT <3
R SqTU |

A beam AD rests on two supports B and C, where AB = BC =CD. It 1s found

that the beam will tilt when a weight of p kg 1s 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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@Wmﬁﬂﬁﬁﬁw,mﬁﬂﬁﬂmﬁ=xyf+yz}+xzﬁ Uh Hda S 9 2 S fh

WA z=1-x7, 0<x<1, 2 <y<2H foewm ?, 7 S soRuge sff=ra )

Verify the Stokes’ theorem for the vector field F =xy§+yz}'+x.zl% on the

surface S which is the part of the cylinder z=1-x2 for0 < x < 1, -2<y<2; Sis
oriented upwards.

ATATH TR ] J47 9% TRIVS AW Q0T ty” + 2ty +2y =2; y(O) = 1 ael y’'(0) T3
€, Tl & BN 1 39 T 1 g offgdig 27

Using Laplace transform, solve the initial value problem ty” +2ty’ +2y =2;

YO} =1 and y’(0) is arbitrary. Does this problem have a unique solution?

() SR THEHE T T, S WHH R W H E, T o1l 6 w9 gl s ge 99 31 98
I B IR 7| AR WA T Al B BN @ SEE ¥ 9 H R UF Tt v,
<N &fers fersmol 3 argfew 3, g0 Wara forem 01 R 30 T © | Woie P

(i) TF FU AT VA A g a9 R F T IO I AT B T aR F g § F0 ¥ TR

9Y = W@l | dFaq g8 p 21 femwe 5 %0 Y 9 F 3 9 gEad g0 A 2, wE

V2}\.=Ju2 +;::>2V4 uu.ﬂﬁu@ 3TN B

() 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 along the horizontal diagonal. Find the thrust of the light
rod.

(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 V2A = \/uz + pQV‘:l —u. Here u 1s a constant.

(i) T SHaFd G g hifse

)2

(x+1)°y” —4(x + )y’ +6y = 6(x +1)? +sinlog(x + 1)
(i) WﬂrﬁwgpQQ—yjz=4{3—w%maﬁﬁaﬁ‘ﬁw%q,aﬁp=%.

(} Solve the following differential equation :
(x+1)%y” —4(x + )y’ +6y = 6(x +1)* +sinlog(x + 1)

(i) Find the general and singular solutions of the differential equation
":3‘;:12(2—@;)2 =43 -y}, where p—%.

20

10

10

10

10

10
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(b) I8 TAHA [[VxF-iidS H AH e, &l F=yi+(x—2x2)j—xyk T S
S

el x2 +y2+z2 =a2ﬁﬂﬂ3%,\?ﬁxy~ﬁ%?m%l

Evaluate the surface integral HV xF-ndS for F = yf +{x —Q)cz)_}'— xyl?: and S 1S
S
the surface of the sphere Fo Ly~ + z2 =a? above the xy-plane.

() TE uR uEt A W g, R $a 5EE M R, % 9feg 3R gl % T gH F A 9

qforme fiea HEM: moam k ¥ & IRe B B Rl 5w W e P 1 #i8 99 (3F) W

yFen oA €, a4 g fifsm 6 g = Pmkz%wammgﬂmmm{
2
M+ -

r2

Afrs o 1 9F A i gl g¥o 9 ga1 w1 oy o 2

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 . Prove that if the truck is propelled along a level track
P

2
M+_2_rn_k

r2

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

by a force P, the acceleration 1S , and find the horizontal force

* i K
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15

15
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