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KVMS-P-MTC

MATHEMATICS (PAPER-I)

Time Allowed : Three Hours 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. (@ a3 @ft wa ga ffe, e e arerde adfeme s e

ax+y+z=0
x+y-z=0
x+y-az=0

¥ Ig=S T ¢, 3R I a B IO AH & fu wit w@ faifa Fifw)
Find all the values of a for which the system of homogeneous equations

ax+y+z=0
x+y-z=0
x+y-az=0

has non-trivial solutions, and hence determine all the solutions for each value
of a.

(b) 3R A 3R B gwew egE &, @ Tige 5 A ok B i FR (=), sgi@ (), sfvenafen
TEIR IR AfrealE wm wE A E

If A and B are similar matrices, then show that A and B have the same
rank, trace, characteristic polynomial and eigenvalues.

2 2 2
© AR uxy z)=x2+y?+2%) V28 07u , 07u | 07U oy 3 iR
ox?2 oy? oaz?

0%u  2%u 9%u

If u(x y, 2) =(x2 +y2 +z2)”1/2, then find the value of X2 +ay2 72 :
X

(d) A THE F T FQ T x B AR Tl F eXCOF F WER F W IR UG T HIT
s s R A € TS oy (Rfte) T BT, S xS SR e g R

xX-sinx

Using Maclaurin’s theorem, obtain the first four terms of the expansion

of e¥%%* in ascending powers of x. Hence or otherwise find the limit of
e*X — gXcosx
- as x tends to zero.
x —sin x
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(e) 38 Tl F GHIE F1a AN FEE %, W1 Sy+2z=0=2x-3y W & a1 5t feigai
0, -2, —4) 3R (2, -1, -1) ¥ T VT B

Obtain the equation of the sphere having its centre on the line
Sy+2z=0=2x-3y and passing through the points (0, -2, -4) and

(27 _1’ —1)' ].O

2. (@) WA T:P,[x] - P,[x] & aw si@w 3, "l
T(ag +a1x+a2x2) =—(ag +2a; +a,) +(2ay +3a;) x-2(a, +a1)x2
g aRia fen e R, SR Py[x), x ¥ wefi Sgudl o wgem R, fR U@ <2 ® an

ay, a;, Ay €R Bl Py[x] & WH& FUR F W& T F g &0 F IWM HA §Y
T % fienafrs 7m aon @ra ifirenafies wfiw 3@ A

Let T: Py[x] = P,[x] be a linear transformation defined by
T(ag +ayx+ a2x2) =—(ag +2a, +a,)+2ag +3a;) x-2(ag + a;) x2

where P,[x] denotes the set of all polynomials in x of degree <2 and a,, q,
a, € R. Find the eigenvalues and corresponding eigenvectors of T using

the matrix representation of T with respect to the standard basis of P,[x]. 20

(b) AR T GEH S % ol q U I o0 A Tl B A T A, @ e &
&9 %1 H0 a4 A, Res foe s &1 dawa stitean R

If the sum of the lengths of the hypotenuse and another side of a right-angled
triangle be given, then find the angle between these sides so that the area
of the triangle is maximum. 1B

(c) st x;3=y_—25=zz7 i x;lzy_+61=zi+1 maﬁgmw’ Gﬁ@—@%

e 81 o10: ¥ W@l & e w7 gwe weiEw g iR

X—-3 Y=o _ =z-7 and x+1 _y+l_z+1
e 1 7 -6 1

which are nearest to each other. Hence find the shortest distance between

Find the points on the lines

the lines and its equation. 15
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3. (@) &I R W T GRw WAE F ® F Py [x] = {ag + @ x +ayx? +azx>|ag, a;, ay, a3 € R}
o ™ R

() T H = {p( e Pyx]| [ p() dx =0} 1 R BRI 6 H, Py [ 1 w5 3vwfe &

AT H F1 TH YR T4 g

(i) Pslx] i & IwEnfe K g e, fas g Pyjx]= HO K R

Given P; [x] = {ag +a1x+a2x2 +a3x3 |ag, a3, ay, az € R} as a vector space over

the field R.

(i) Let H={p(x)e Py [x]lﬁ1 p(x) dx =0} . Prove that H is a subspace of P; [x]
and find a basis of H. )

(i) Find a subspace K of P;[x] such that P;[x]= H®K. 8+7=15

(b) (i) EHTREH % T W IeteHR T m]’of"” 2y dydx %1 WH FTd HIT|

Evaluate the double integral fj JQQX +11x2y dydx by reversing the order of
X"+

integration. 10

(i) 3@ 3W F JWEA @ i, s FEws gl x =0, y=0, z=0 T FHdA
X Y1021 % wireder @ w9 2

a b c

Find the volume of the solid, which is formed from the intersection of

the coordinate planes x=0, y=0, z=0 and the plane —+z+— = 1. 10
a c

(c) Hﬁ%-%-%,‘ﬂ@SyZ 8zx ~3xy =0 F T WER woaq S % 9= # A fFeh o=

# Fefa w=ar 8, 99 = 9 % g 319 hifg)

fx=Y-2 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. 15
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4. (a) HF1 F Gfy GEsl & T I9EE § aw T, FO @ FP 9% Was wwaw }, R
Txy 2=(x-y+2z 2x+y, —x-2Yy+22)
3R fenfya fem mn ) AR 3 # (g b, o) T wikw R, @ Frafafea ¥ sw R

() a b, c W I W4 T Fifve, fae fore 7w (o, b, o, T @ @R F @) T H O
w7 87

(i) a, b, ¢ W 98 W4 7a FR, Fras e afew (g b, o, T5 vfew (@) A2 TH AR
() 7?7

Let F be a subfield of complex numbers and let T be the linear transformation
from F3 into F3, defined by

Txy 2d=(x-y+2z 2x+y, —x-2y+22)

If (@ b, ¢) is a vector in F3, then answer the following :

(i) Find the condition on a, b, ¢ such that the vector (q, b, ¢) be in the null
space of T. What is the nullity of T?

(i) Find the condition on a, b, ¢ such that the vector (a b, ¢) be in the range
of T. What is the rank of T? 8+7=15

(b) TF y?(a+x) =x2Ba-x) A @y FHRm|

Trace the curve y2 (a+x) = x2 Ba-x).

15
(¢ (i) FfoREeEs
2. .3 .3
x_. -+ .y.__ _ z_ = 1
4 9 16
A I T @l F wiww 3@ A, N Rga 2,3, -4) W -1, ) F AW
Eicild
Find the equations of the generating lines of the hyperboloid
2 2 2
x_ + _y_. = _Z_ =1
4 9 16
which pass through the points (2, 3, -4) and (2, -1, %). 10
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5.

(H) 39 eI Sed w1 iR g Hi, R 38 x =2y =-z ® 7 B 4 R
frg AT T THad z=0 3R 38 9o & TS (JRH) & §T%a 247 2|
Find the equation of the right circular cylinder whose axis is x =2y = -z,

and radius is 4. Prove that the area of the section of this cylinder by
the plane z=0 is 24n.

@ue—B / SECTION—B

(@ =k y, 3R y,, %+P(x)y=@(x) F A FA R TN y,=yu 8, @ |z B

(b)

(c)

8
u=1l+ae ‘¥ % &l a @ IR I 2|

If y; and y, are two solutions of Zx—y+P(x)y = Q(x), and y, = yu, then show

1)
that u=1+ae ‘% , where a is a non-zero constant.

Tl y(0) =3, y’(0) =1 % 1, AeT® TR AL S (D2 +D) y(t) =2, D= — & &
|

Apply Laplace transform to solve (D2 +D) y(t) =2, Dsad? subject to the

conditions y(0)=3, y’(0) =1.

GRERAT 1 Tk e Waeast 39 YHR fR@ R 5 Sue g SR @ qon i Fw A R 3,
9 W 2nb A TS ) TH T T S Tt | 59 S Gy H 7, @ Hicud wE H

ﬁ@a(ﬁq)mm%m%%%%@%@gﬁ%mﬁ%,ﬁwm
p—y

H R B, A TARYA O § G 4 SHE Waed H ANHGE B

A smooth paraboloid of revolution is fixed with its axis vertical and vertex
upwards; on it is placed a heavy elastic string of unstretched length 27b.
When the string is in equilibrium, apply the principle of virtual work to show

4nabh
4nah -
the string, A is the modulus of elasticity and 4a is the latus rectum of the
generating parabola.

that it rests in the form of a circle of radius , where W is the weight of
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(d) TH FV, TH 3ot el & ¥ A Form orgeen @ = i }) g Hife s #9 a% #t @
B, @ FU1 g1 79 T T v 3@ FHeahr gt 1 3 T R, R gl ae o A= fra g

A particle falls from rest at the vertex of an inverted catenary. Prove that
the particle will leave the curve when the path described is +/3 times the
vertical distance through which the particle has fallen. 10

(e) fem mn % f% F =@x+3y)i-42]j-5xk 2 @1 S &% 2x+4y+42=5 %, ;N x=0,
x=2, y=0 ¥R y =3 7 ez ¥l [[(VxF) 7dS %1 70 7@ Hif
S

Given F= 2x +3y)f —-4z}' -5xk and S is the surface 2x +4y+4z =5, bounded

by x=0, x=2, y=0 and y =3. Evaluate J'J‘(Vx}?)-ﬁds. 10
S

2 5
6. (a) x2ﬂ_3xiy_+y=wlogxiﬁgﬁ%q|
dx2 dx x

2 .
Solve x2—d—g—3x%+y=wlogx. 15

dx

(b) (i) TH M T u A R AT qG W R TEW R F agH 39 W S W ¢ F 3w gy
3 01D AR & T 30 IF IV o | @ T B AR IGF F A TR0 (NSiee)

H A v R, ﬁmfgqﬁsmzﬂsina(ucosa—u)%wmm%mm%
g
cos"l(u +u? +8v2}
4y

e g el o W Qi R

A battleship is steaming ahead with velocity u. A gun is mounted on
the ship so as to point straight backwards and is set at an angle of
elevation a. If v be the velocity of projection relative to the gun, show that

the range is Esina(vcosoc -u) and the angle for maximum range is
g

ol [u +Vu? +8v2 ]

4v

where g stands for acceleration due to gravity. 10
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(c)

(@)

(ii) TF THEEAA SR (37), Frah ww 1R, o o o gl W d a IR wfer R
R T wF SR ad § 3™ TER W@t % e w R W | w i W # R
frg fifit % IR <[ fFgem f W W }, @ W™ W ITH @R

(+ph) -2 +1) A2 +2ulh }, ST p w0 oI B

A uniform chain of length | has one end fixed at a height h above
a rough table and rests in a vertical plane so that a portion of it lies in
a straight line on the table. Prove that if the chain is on the point of

slipping, the length on the table is (l+p,h)—\/(;:2 +1)h2 +2ulh, where p is

the coefficient of friction.

@ y2 =4ax ¥ R T, N, B, « 3% 1 Rutfa Hifw, 5wl o & = 21760 T, N, B, x

A 1 F: TS TN W, U ged ifitere afew, TEe SUer wiew, Sl adl wWig
# fefm F@ 2

Determine f‘, IV, fa‘, k and 1 for the parabola y2 =4ax, where a is a constant.
Here ’.7‘, IV, é, k and t denote unit tangent vector, unit principal normal vector,

unit binormal vector, curvature and torsion respectively.

Tl S [ T ookl Ty 2 1 T R fig A ™ RR R T g R o weR
(FoH m) A o1 ¥; Gge i Rl & 38 TR 1 R 0 A G b T 7F q@1 ol R
Toigy T Ift weer Y fiig A ¥ Form rewen | fimrn S, @ W@

21 b-1 -1 ’b—l
=+ |——{m—-cos —
g g b+1

T # dgem i @R A Vb2 - 12 R areafrs frm s § a0 Smom) 3@ o g A
ﬁsaﬁA%ﬁ%mmlcotzg%,ammm%mgtanze%u

A light elastic string of natural length [ has one extremity fixed at a point A
and the other attached to a stone (mass m) the weight of which in equilibrium
would extend the string to a length b. Show that if the stone be dropped
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from rest at A, it will come to instantaneous rest at a depth v b?% —12 below

the equilibrium position and this depth is attained in time

21 b-1 =5 fb—l
—+ |——{m —-cos —_—
g g b+1

Prove also that if the greatest depth below A be [cot? %, then the modulus

of elasticity is %mg tan? 6, 15

(b) aﬁ}7"=4xzz’—y2}'+yz1€%,a’t”ﬁ’-ﬁdsanmma%q,aﬁswmmsmgg%
S
e 31 fawd@ # wAw: (0, 0, 0) @1 (1, 1, 1) W ¥ o7 OWU (SEEW) T H
geafua Hifsm)

If F=4xz]- y%j+yzk, then evaluate HE-ﬁdS, where S is the surface of
s

a unit cube with two opposite corners at (0, 0, 0) and (1, 1, 1) respectively.
Hence verify the divergence theorem. 15

() (i) =g % 2x-y-1)y dx+Ry-x-1) x dy =0 FI Th THHEH T (x +y+1)~* 3|
¥a: W g Hifg

Show that (x+y+1)~* is an integrating factor of

Rx-y-lYydc+QRy-x-1)xdy=0

Hence solve it. 10

i _F fO) _ = . . [cosat —cosbt
(@) 3k L{f@)} = f(s) &, @ sufzy &% L{T}-J': W du B 3@: L{————-—t }
1 HH 1 IR

If L{f(t)} =f(s), then show that L{I{Q} =J: f () du. Hence evaluate

L{cosat—cosbt}. 16

t
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2
8. (a) vrw-f=ror fafy g %+a2y=secaxﬁﬁ?ﬁml

2
Solve %+a2y =sec ax by the method of variation of parameters.

(b) 1 @ETg a WW@@W@SM%,ﬁMWﬁ%@A@%@W@H@

fifta fog & i waa &9 & 9@ gadl 71 AC 991 BC 1 Tooh! Sifaf &, i @ uedsh Al
a'aﬁgl%aﬂwﬁwm%sww C & 3@ 31 g AR 5 AR W, 2w @ B Y, @ T

Wﬁ@%m,mﬁwaﬁaﬁtan’l(“;;w)mwgﬁ@m

AB is a uniform rod of length [ and weight W, which can turn freely about

a fixed point in its length distant 51 from A. AC and BC are light strings each
of length —2—1, attached to a particle C of weight w. Prove that if W is less
than 2w, there will be stable equilibrium with AB inclined to the horizontal

W+w)
4w )

at an angle tan“l(

(0 () @ wiw fig wem ¢ a T e fig wer F % g frg B f
VX (0F) = (Vo) X F +0(Vx F)
e 7 =xi+yj+zk 9 r=|7| ¥, @ ¢=% a0 F =7 % fau 3ufw gduite
(amgefRA) = wwnfya Hifsm)

For a scalar point function ¢ and a vector point function 1_3‘), prove that
- - -
VX(0F)=(VO) xF + (VX F)
If ?=xf+y}'+zl€ and r=|7|, then verify the above identity for ¢=l
v

N
and F =T.
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(i) AR 7 = acosti +asint3'+btl€ 2, @ <wlsy f6
|7’ x7”P=a®@®+b?) AR (7' 7" 7”]=a’b
If 7 =acosti +asint}'+btl€, then show that

|7’ x7"?=a?(@? +b?) and [F' 7" 7”]=qa?

* K Kk
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