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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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WUE—A / SECTION—A

1. (@) w1 H, RY & & 3qgafe &, & % afewl n=0-25-3), v,=@231,-4),
vz =(3, 8 -3, —5) W Sd 8| @ H H TF AUR T fm a0 IV 991 B F 39 29R
H R* ¥ w anum o forga Hifv)
Let H be a subspace of R* spanned by the vectors v; =(l, -2, 5, -3),
V2 =231 -4), v3 =3, 8 -3, -5). Then find a basis and dimension of H, and
extend the basis of H to a basis of R, 10

(b) =T : R® - R® v W @ 2 71 R W R3 1 T 314 B = (v, Uy, Uz} &I AFI

B Tvy =L 1, 0), Tvy =(,0,-1), Tvy =@ 1, -1) ¥1 T ) feR wafd o o= @l *
ot & smur 3 fifsg)
Let T: R® > R3 be a linear operator and B ={v), vy, U3} be a basis of R3
over R. Suppose that Tvy =(L 1, 0), Tvy, =(1, 0, -1), Tvg =(2, 1, —1). Find a basis

for the range space and null space of T. 10

(© x % &ft 9F & fou wem

S
f(X) ={l—e_l/x,
0, x=0

x#£0

% WA I == Fifg)

Discuss the continuity of the function

1
f(x) ={1—e‘l/x,
Qas, X=0

x#0

for all values of x. 10

(d) R FH T In(x) F1 (x - 1) A 16 § TR HIRC 3901 In(l - 1) F1 000 5 91 ©H 75 G&
A Jd 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. 10

() Tax?+y?+22 =09, x-y+z=3@ﬁ${mﬁa®m§?ﬁaémmmﬁmmﬁﬁm

Fmd the equatlon of the right circular cylinder which passes through the circle
x+y 429 =9, x-y+z=3. 10

2. (@) =R F IR R | Was GFOF T, T(x, y, 2) = (2x, 4x -y, 2x +3y - 2) T TR
? T Feia #7 AR o, @ ow s o weqa B @ 7! 3w i

Consider a linear operator T on R2 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 15

PHKM-U-MTH/10 2



(b) ARu=(x+y/(l-xyd v=tan"x+tan"'y ¥, T O, v)/dx y) I FTY 1 u
A v Foa: A 87 AR e, @ ey 3 i)

Ifu=(x+y)/(l-xy) and v= tan ! x+tan"'y, then find 9w, v)/d(x, Y. Are u
and v functionally related? If yes, find the relationship. 15

(c) @ x=3-6t, y=2t z=3+2t ¥ TGS 3x +4y-52z+26 =0 # vl @ Hifv)
Find the image of the line x=3-6t, y=2t, z=3+2t in the plane
3x+4y-5z+26 =0. 20

3. (@) TAV=M,,,R) s gere % &1 | T gien gHE @i 81 My, o, R) ® AHE
1 2
mwﬁwaﬁﬁmw:(s l)vmﬁnm%&ﬁwﬁrﬁmmv-avanmw@maﬁﬁq

AR a9 o A FR @F) @ ) RN ¢ FohoiE B? AT IW F q6 Tgd HiiSC

Let V = M, , (R) denote a vector space over the field of real numbers. Find the
1 2

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

standard basis of M,,, (R), and hence find the rank of ¢. Is ¢ invertible?
Justify your answer. 15

(b) S h A w2 F o T T TF AT T A AW F AR I H|

Find the volume of the greatest cylinder which can be inscribed in a cone of
height h and semi-vertical angle o. 20

(0 TF 4x2 -y +22° +2xy-3yz+12x-11y+6z+4 =0 F I F1@ AR

Find the vertex of the cone 4x? —y2 +2z% +2xy-3yz+12x-11y+62+4=0. 15

32 4
4. (@ TMA=|2 0 2| TH3x3 AE ¥l A ANEF AW a1 FA Arenafen wfew
4 2 3 :

1 B @ A5 @ sifienafee ®E o @ afrenafes afem @ R, Sl
A5 —(A7Y)15 %y

3 2 4

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 AT1S = (A'l)ls. 20

(b) Tew: guEReR F WM FA T T (FfEAE) r=a(l+cosf) % FR AN I r=a %
g R & #1 &9%a Ja i

Using double integration, find the area lying inside the cardioid r = a(l +cos 6)
and outside the circle r =a. 15
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(c)

5. (a)

(b)

(c)

@

wﬁémmmaﬁﬁq,sﬁmsﬁzy—zu:oﬁﬁa(1,-2, 1) | 9 @l
B MY x2 +y? + 22 —4x+6y+4 =0 F AlHa: Hral 2

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
x2+y? +22 -4x+6y+4=0.

@Uus—B / SECTION—B

FH-FA r = c(sec 6 + tan 6) F TEHING TS a4 HIRT, &l ¢ & I 2

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

ACTE TR 1 A QA GY AT G y(t)=cost+jéy(x)cos(t—x)dx R W
Fifg |

Solve the integral equation y(f)=cost+ j; Ylx) cos (t - x)dx using Laplaée

transform.

et T ¢ (FFve H) W TF N GHR-STHH ) gEEEE AR arRet
o =ti+(t+1)]+t+1)k
B=2ti+@Bt-1)]+tk

y=f+3t}'+l€

TN FEfia §) wie-agde, e geeer fem o ot 7§, ¥ ol fawa 6 Tied w
T R? ¢ =1 VU W GHIR-HAF & G ) TRad @ o 7 i

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

T=ti+(t+])]+Qt+1)k
B=2ti+(3t-1)j +tk
¥Y=1+3tj+k
What is the rate of change of the vectorial area of the parallelogram, whose

coterminous edges are & and ¥y ? Also find the rate of change of the volume of
the parallelepiped at t =1 second.

T W A F IR wF B #1 o I Mend anemeren # wn ¥) Q) R ) 5@

Y 1 T I8 91 (i) T Wend F wHaeE g8 A | fRa ¥, wrearewen #1 @i 3@
i)

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)

(a)

(b)

() WA C TF GHad 9% 7(t) = f(t)i + g(t)] ®, & f R g F Bfw R ¥ sawaw ¥
Tuiise T o & et forg W aben

_1f0g"0-9'0 £
(LF /01 +1g'1))%/2

21 8 % F R fag W Ye (2T) « w HE w0

Let C be a plane curve 7(t) = f (t)l + g(t) J, where f and g have second-order
derivatives. Show that the curvature at a point is given by

_1f0g"0-9'0 £
(LF /@)% +1g’1)%)%/?

What is the value of torsion 1t at any point of this curve?

(i) =TSy o6 foreht s % 21 shmmTa fargaelt e sifirer wferese €1 e o o fob T (2fef) ¢
hER

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

w1E 1 B: gkl ot g i Ttk T agehes © faee Al Taa w @ §) W oaR
@ r Bem 1 o sy it el g srafa 21 wfa w1 R w1 s w@ g
et oft w afas s & wftee 3@ Aif)

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
FAAM M A G IR A @ Ay van dam e f, sl f, 81k F

o W /f Al % forg 3T ffet % o B gl k(2 -uw?) 37 T8 o <wiee B R
HE™
1

o s Lt [ i i
f3-f : 1

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 f5.
For what value(s) of k, the distance between the two positions is k(v2 —u2)?

Show also that the amplitude of the motion is

——— [Ww? -v?)u?fF -v2f2))/2
i f1 2 ;

15
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(© (i @W%Wﬁu(x)=—e"‘Elmmgqiﬂmmxy”ﬂx—l)y’—y:OW
T8 & A Hifvg |

Find the second solution of the differential equation xy”+(x-1)y’ -y=0
using u(x) =-e™* as one of the solutions. 10

(@) SreE-foreor il # Iwim FR otaeha wEw x2y” - 20y’ +2y = x2 sin x F1 ATE

¥4 g Hifs
Find the general solution of the differential equation
x3y” -2xy’ +2y = x> sin x by the method of variation of parameters. 10

7. (a) A R: |x-xq|<a, [y-yo|<b ﬁu@%mm%:f(x, W Yxo) = Yo ¥

e wa % afer & o sl w49 =1 o faftaw) ©& g omaa R & TrfeE T
m%:z@, Y) =0 % 7a ¥ il o s & wham St R wF @ i

T AR €, @ @t T | 3@ Hifwg

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

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

|[Yy-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. 15

(b) awr{tﬁwzaﬁaﬁamzﬁm@ﬁwﬁg%mammgm@mﬂwm
T uH Y TE G A P YE F@ R A T SR e § T Qo |
Toigy T foredt ot =1 & Rl w @t &1 9 omR )

A heavy particle hanging vertically from a fixed point by a light inextensible
string of length I 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. 15

(€) wra v +1 %o fofan o s Wk @9 F = xyi +yz) + zxk % Rig, 98 S W S
o z=1-x%; 0<x<1, -2 <y<?2 F IR A= W 2, gefia £
State Stokes’ theorem and verify it for the vector field F = xyi + yz}'+le€:

over the surface S, which is the upwardly oriented part of the cylinder
z=1-x2% for 0<sx<1, -2<ys<2. 20
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8. (a) TI<IME YRR HT IFN & YRENF TH q9eq
y'+2y'+5y=98(t-2), y0)=0, y'(0)=0
1 Ta Hifr, T §(t - 2) TXF Ieer wem F ewlar )
Using Laplace transform, solve the initial value problem
y"+2y' +5y=958(t-2), y0)=0, y'0)=0
where §(t —2) denotes the Dirac delta function. 15

(b) TEE F FTE T F I HQ G e x2 +y2 =16 99 GGl z=1 R z=5 T
uieg 8 W qud

[[(W?i +x2°]+(z-12k)- fds

#1 qH Femrfe

Using Gauss divergence theorem, evaluate the integral
jjs(y%" +x23j+(z-1)2k)- AdS

over the region bounded by the cylinder x? + y2 =16 and the planes z=1
and z=5. 15

(c) AT A T+ A W N R B[ TF 39§ 30 I F TR I A 45° F 2 | 54RE
mmasmmu(:" %)%mmnﬁw%lmmﬁm%hwm
r

-+
e

2
T F T d—(2 —E) d
V2n 2
2
A particle moves with a central acceleration u(% +d—s] 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

i(g_ﬁ)
a2 20

* ok ok
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