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PHKM-U-MTH

MATHEMATICS (PAPER-])

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 § 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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(c)

(d)

(e)

EUs—A / SECTION—A

T H, R* f = Iwwf @, S f6 oafst oo, = -2 5, -3), v =(2 3, 1, -4),
vz =3, 8 =3, —5) 5N WiHd §| 99 H %1 TH MR Td G J10 N a9 H F 39 9w
F R* ¥ w% aun % frga Hift)

Let H be a subspace of R* spanned by the vectors v; =(l -2, 5, -3),

V=2, 31 -4), v3 =3, 8 -3, -5). Then find a basis and dimension of H, and
extend the basis of H to a basis of R4,

7A T : R — R® o Y @ & a1 R @ R 1 % 30w B = (v, Vg, Uz} &1 WA
& Tv, =1, 1,0), Tv, =(1, 0, -1), Tvy =(2, 1, -1) 8| T ! ReR &wfd aon s @ufd &
fore T smur @ A

Let T: R® 5 R> be a linear operator and B ={v, vy, v3} be a basis of R3
over R. Suppose that Tv, =( 1, 0), Tvy, =(1, 0, —1), Tvy =(2, 1, —1). Find a basis

for the range space and null space of T.

x % gft wHl % fore wem

1
- 320
0, x=0
% |iad H == Hifg)
Discuss the continuity of the function
1
=i x40
0q5,| (=0

for all values of x.

R WHE T In(x) F (x - 1) ) o1 F TER FIR 720 In(1 - 1) F1 990 F 91 ©H 7F T8
A 1 i)

Expand In(x) in powers of (x - 1) by Taylor’s theorem and hence find the value of
In(1-1) correct up to four decimal places.

0 x% +y? +22 =9, X—y+z=3 9 AR T 910 T I19 S 1 FHFT J1a |

Fmd the equatlon of the right circular cylinder which passes through the circle
x+y + 22 =9, x-y+z=38.

A R % 3 R3 o wF Wawh 960 T, T(x, y, 2) = @x, 4x -y, 2x +3y - 2) T TRAMR
®1 1 T FEiE 27 Al &, @ o s W 9 weqm Hifvg @ 7! 3w i
Consider a linear operator T on R3 over R defined by

T(x y 2 =@2x, 4x~y, 2x+3y-2). Is T invertible? If yes, justify your answer
and find 771,
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(b) AR u=(x+y/(-xy) 0 v=tan ' x+tan"'y T, T oy, v)/d(x, y) @ M| M u

(c)

(b)

(©)

4. (a)

(b)

YT v FoHd: GFEl-Od 8¢ 9 &, @ TRy 91 i)

If u=(x+y/(1l-xy and v= tan ! x+tan”'y, then find oy, v)/9d(x y). Are u
and v functionally related? If yes, find the relationship.

@ x=3-6t, y=2t, z=3+2t 1 GAAA 3x +4y-52z+26 =0 # wfcfer" I Ao

Find the image of the line x=3-6t, y=2t, z=3+2t in the plane
3x+4y-5z+26 =0.

TA V = My, , (R) TR ensdi % &9 T TF afem gufy quian 81 My, p (R) % A4
mw%azﬁﬁmm:(; fljvmmmmmﬁmw_,vmwm@m

AR q9 ¢ H FR (F) T HNG R o Fohmha 37 I IW F a6 T&a HISC

Let V= M, , (R) denote a vector space over the field of real numbers. Find the

=1

standard basis of M,,,(R), and hence find the rank of ¢. Is ¢ invertible?
Justify your answer.

S h q ad-3id B o A T WF F atd G 92 AW H AT A HISC

Find the volume of the greatest cylinder which can be inscribed in a cone of
height h and semi-vertical angle o.

1 2
matrix of the linear mapping ¢: V — V given by ¢(v) = ( 3 )v with respect to

W 4x2 —y2 +222 +2xy-3yz+12x 11y +6z+4 =0 F1 M Fa ]

Find the vertex of the cone 4x2 —y2 +22z% +2xy-3yz+12x-11y+62+4 =0.

3 2 4
AN A=|2 0 2| TF 3x3 AR Bl A F ATenEE a1 U WA Alenafen wfkw
4 2 3

A ) s A5 w1 afvenafe WE @ @ sbvenate wfiw §a A, el
ATI5 (aT1)1S 3y
3 24

Let A=|2 0 2| be a 3x3 matrix. Find the eigenvalues and the
4 2 3

corresponding eigenvectors of A. Hence find the eigenvalues and the

corresponding eigenvectors of A1, where A=18 =(A'1)15.

e T 1 AW B EC ged (FIfEATEE) r = a(l +cos 6) B IR U I r=a%
el T & o1 &9%a F1d it |

Using double integration, find the area lying inside the cardioid r = a(l +cos 6)
and outside the circle r =a.
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5. (a)

(b)

(c)

@

mﬁémaﬁwmaﬁﬁq,sﬁmsxuy—mz:oﬁﬁg(1,-2, 1) ® w93t e
R AR M x2 +y? +22 —-4x+6y+4 =0 F TifEwa: e ¥

Find the equation of the sphere which touches the plane 3x+2y-z+2=0
at the point (1,-2,1) and cuts orthogonally the sphere
%% +y2 + 22 -4x+6y+4 =0.

@Us—B / SECTION—B

FH-FA r = c(sec 6 + tan 6) F TEHG G Fa FR, Tl ¢ w T=A 2

Find the orthogonal trajectories of the family of curves r = c(sec 6 +tan 6),
where c is a parameter.

ACTE TR H1 A QA g AT G y(t)=cost+'[;y(x)cos(t-x)dxﬁ T
Hifg |

Solve the integral equation y(t)=cost+ J: Ylx) cos (t—x)dx using Laplaée

transform.

e T ¢ (FFve §) W O W TER-EeE 6 gEEEE R gt
O =ti+(t+1)]+Q2t+1)k
B=2t1+(3t-1)j+tk
7=f+3t}'+l€
W Fefia §) eniw-wge, e gemar fen @ ot 7 8, % aRvha dawa 6 TRad =
T R? t=1 JFUS R FHIR-IIHAH  AaH F IRadd 3 o g )

At any time t (in seconds), the coterminous edges of a variable parallelepiped
are represented by the vectors

T =ti+(t+1)]+(@2t+1)k

B=2ti+@3t-1j+tk

Y=1+3tj+k

What is the rate of change of the vectorial area of the parallelogram, whose
coterminous edges are @ and ¥ ? Also find the rate of change of the volume of
the parallelepiped at t =1 second.

@aﬂ*ﬁé%wwﬁmm@mmwﬁr@%lﬁf&ﬁﬁﬁ—mm'

Y 1 ThE T8 T () T e w1 Al 98 N W @@ &, anareeen w1 @i 316
|

A solid hemisphere rests in equilibrium on a solid sphere of equal radius.

Determine the stability of the equilibrium in the two situations—(i) when the
curved surface and (ii) when the flat surface of the hemisphere rests on the

‘sphere.
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(e) () WA C T G9ad 9% 7(t) = f(f)i + g(t)] &, & f 3 g % oda F:R ¥ sawew 8

(a)

(b)

Tunise fo6 9% & foreht forg w apen

g -g'0 £
(/@1 +1g'1)%)3/2

21 38 9 & Rt forg w Yo (2feh) © 1 W wm R7

Let C be a plane curve 7(t) = f (t)f + g(t)}', where f and g have second-order
derivatives. Show that the curvature at a point is given by

(S Mg"0-g't) £
(@1 +1g'®1%)/*

What is the value of torsion t at any point of this curve?

(ii) =iz foh foredt ok 3 3 shmmTa forg el W e sifirers wiere e e o o foh o () 1
bR

Show that the principal normals at two consecutive points of a curve do
not intersect unless torsion 1 is zero.

S 1l B: goehl B9 g fifa s v agehes e e AR enaa W @ 31 W oNR
i r B ok sy g qenel gm oefEa ¥ Ffa w9 Rem B oSEm @ g
et ot o afts w1 ufvee 3@ i)

A regular tetrahedron, formed of six light rods, each of length [, rests on a
smooth horizontal plane. A ring of weight W and radius r is supported by the
slant sides. Using the principle of virtual work, find the stress in any of the
horizontal sides.

15

L
WA A A # T Fo B A el # w3l o # o @ @ ww f, W) f, Bk w

fohm wm/f6a wel & fo 1 frfodt % e 1 g k2 -u?) &7 T oft ufse B R =
HA™
1

sz—‘fF [(u2 = 1/2)(1‘2f22 ‘V2f12)]1/2

Rl

A particle executes simple harmonic motion such that in two of its positions,
velocities are u and v, and the two corresponding accelerations are f1 and f,.
For what value(s) of k, the distance between the two positions is k(v2 -u?)?

Show also that the amplitude of the motion is

L w? - v f2 -2 )2

2 -f2
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(c)

7. (a)

(b)

(c)

(i) @W%mﬁu(x)=—e"”ﬁwmﬂmmxy"+(x—1)y’—y=03?l
TEU 7 1A Hifr |

Find the second solution of the differential equation xy”+(x-1)y -y=0
using u(x) =-e™* as one of the solutions.

(@) SreE-fasro faft 1 Iwm R stasha wHw x2y” - 2xy’ +2y = x3 sin x F ATE
& T4 Hifs)

Find the general solution of the differential equation

x2y"—2xy'+2y = x3 sin x by the method of variation of parameters.

AT & R: |x-x0|<a, [y-yo | < b ﬁmﬂmmm%:f(x, W, Yix) = Yo

e &1 % siftee F fore fydrm wia =1 o foftaw) o 9w s R # TR T
m%ﬂ@, y) =0 % & & e 3R arfiefaen #1 wham Fif) 2R = J o

T AR &, @ of '@ W 3@ iR

State uniqueness theorem for the existence of unique solution of the initial

value problem % = (% Y, Ylxg) = yp in the rectangular region R: |x -Xo|<aq,

|[Y-Yo|<b. Test the existence and uniqueness of the solution of the initial
value problem % =2J§, Y1) =0, in a suitable rectangle R. If more than one

solution exist, then find all the solutions.

TS 1 T Foshl At S g e fag @ St e gen Wi I iR
Ty F A TE WA G LS @R A T SR wad § o P i W
Toige % et o = & R w @l @ @ s R

A heavy particle hanging vertically from a fixed point by a light inextensible
string of length [ starts to move with initial velocity u in a circle so as to make a
complete revolution in a vertical plane. Show that the sum of tensions at the
ends of any diameter is constant.

wew w3 H Fo fRag au @R wRe @ F = xyi +yz) + 20k F Rig, g8 SwS
T z=1-x2; 0<x<1, -2 <y<2 1 Iufge Ahf=r wm 2, gefa €

State Stokes’ theorem and verify it for the vector field E =xyf+ yz_}'+le€

over the surface S, which is the upwardly oriented part of the cylinder
z=1—x2, for0<x<1, -2<y<2.
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8. (a)

(b)

()

ATCATE TR FT ST Hh TRIENF 1 G0
Y +2y'+5y=9(t-2), y0)=0, y’0)=0
& Fif, sl 5t - 2) T e wo A gwtan 2

Using Laplace transform, solve the initial value problem
Y“+2y'+5y=38(t-2), y0)=0, y’(0)=0
where §(t —2) denotes the Dirac delta function.
THH & ATET T F IF B §C el x2 +y2 =16 741 I z=1 R z=5 W
REE &3 T THEA
Hs(y2i' +x23j+(z-1)2%k)- AdS
1 qH Fafery |
Using Gauss divergence theorem, evaluate the integral
ﬂsqﬁi +x23j+(z-1)%k)- AdS
over the region bounded by the cylinder x? + y%2 =16 and the planes z=1
and z=5.
d gl 8 TH FU H WA 0 W @ T g9 A 36 I F TR AT A 45° F For | w4
2
mmﬁmmu(%+%)%mnﬁw%|mzﬁmﬁ;aﬁ%%ﬁmm
r r

B F A %(2—%) J

2

A particle moves with a central acceleration u(% +d—SJ being projected from
r r

a distance d at an angle 45° with a velocity equal to that in a circle at the
same distance. Prove that the time it takes to reach the centre of force is

a(3)

* ok ok
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