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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 atte‘r'npt FIVE questions in all.

Questions no. 1 and 5 are compulsory and out of the remaining, any 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 otherwise mentioned, 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 (QCA) Booklet must be clearly struck off.
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SECTION A

QL (a) FET=A(0,0,0,3),(11,0,0),(0,1,-1,0) i wfw @@{E R FT T U
ST ¥ fore ferganfia feham ST weha @ 2 370 St R gfee ifs |

Can the set {(0, 0, 0, 3), (1, 1, 0, 0), (0, 1, -1, 0)} be extended to form a

basis of the vector space R* ? Justify your answer. 10

b) YaFsrauT: R >R NTE,y,2 W =E-W,y+2, z — w) g f&=am
2. 1 e (), Ffe (49), 3 (et 37 =T F1d hifoe |
Find the range, rank, kernel and nullity of the linear transformation

T:R4> R3given by T(x, y, 2, W) = (X — W, ¥ + 2, 2 — W). 10

(0) o 6 Hiet 3 derd 2 Hiet i U AR 91 s =et 7T @ | = hiAl § T’
TSR T 1 BT AT R | 6 <TG o HeAh! hl HISH Toh Gl TR Hegeh ST
% | T 1 Ul wferepe Jreird e o 3 wweh o1 ST SAfershan |
A rectangular sheet of metal of length 6 meters and width 2 meters is
given. Four equal squares are removed from the four corners. The sides
of this sheet are now folded up to form an open rectangular box. Find

approximately the height of the box, such that the volume of the box is

maximum. 10

@ R ®fix +y) = fix) fy), @+ awafes x, y & g, fix) 2 0 et oft
R x F T i £/(0) = 2 & | Tfi aratares x % forg gwmisn fo £/(x) = 2f(x) 2 |
31d: f(x) J1d SIS |

Given that fix + y) = f(x) fy) for all real x, y, f(x) # 0 for any real x and

£(0) = 2. Show that for all real x, f’(x) = 2f(x). Hence find f(x). 10
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Q2.

(e)

(a)

(b)

(c)

I ¥ T wHRT 1 Hifore foraewr 3 fig (1, 1, 0) ? T fmer R T
y=0, x2+22=4%|

Find the equation of the cone whose vertex is the point (1, 1, 0) and

whose guiding curveis y =0, x2 + z2 = 4. 10

AT T:R3 » R2 s @ Waw ®wawr ® fF T(1, 1, -1) = 1, 0),
T(4,1,1)=(0, )T T(1,-1,2)=(1, 1) ¥ TIEHRT|

Let T : R3 — R? be a linear transformation such that T(1, 1, 1) = (1, 0),
T(4,1,1)=(0,1)and T(1,-1,2)=(1,1). Find T. 15

HTEHT H T ST S e g shifr o6

2.3 v3 <sin_1[§) e Eqd,
6 15 5 6 8

Using Mean Value Theorem, prove that

E+£<sin‘1(§)<z+l. 15
R 5 6 8
i) wémwaﬁwmﬁﬁqﬁa%m,%m% = %— i % & G & 3R
ST ashx2 + y2= 16, z= 0 § SR SRAT & |
Find the equation of the cylinder whose generators are parallel
to the line % = —;— = % and that passes through the curve
x2+y2=16, z=0. 10
(i) o e
x—-3 y-8 z-3 i x+3 _y+7 z-6
TN T -8 85T
o aff=r st =gFad g 31 HIfe |
Find the shortest distance between the straight lines
x-3 y-8 z-3 x+3 y+7 z-6
= = d = = . 10
8 =1t . wloh B 4
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Q3. (a) Fraffaa e i Hiume (W) &7 § FHHI AT ;

2 g g3
A=|-3 6 0 -1
1 =7 10 2
Reduce the following matrix to echelon form : 15
2 -2 2 1
A=|-3 6 0 -1
1 -7 10 2

(b) Eﬁﬁ%ﬂmmﬁﬁﬁm@gﬁﬂ +y2+22-2x +2y+4z2-3=0,
2x+y+z=4ﬁaﬂ?{gﬁlﬁ§3ﬁtm3x+4y=143—:3f‘€qﬂf‘<ﬂﬁ§l

Find the equations of the spheres which pass through the circle
x2 +y2+22-2x+2y+42-3=0, 2x +y + z = 4 and touch the plane
3x + 4y = 14. 15

(c) (i) .UydxdyWWW%Q,WR,y:xHﬂTy=4x—X2ﬁqméﬁ
R

gl

Evaluate J..[ ydx dy, where R is the region bounded by y = x and

R
y = 4x — x2, 10

(i) zr%u(x,y)=xf(§] g i’-] 2, £ 37N g res v &, a1 quten
I x% +y% =xf@1J 3
2

2 2
| xzzx—lzl +2xyai;y +y22y—121=0%|

Hulx,y)=xf (%) + g[%], where f and g are arbitrary functions,

then show that
I X— +y— =xf(1),
ox oy X
2 2 2
il et ol R . 10
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Q4. (a) crisT R

X2 +y2+22-4x+2y-42+4=0

1 15 THT T3t T T8 2, S foh wee v X;6=y+3=z+ 1 9 R TR HF |

Show that there is no tangent plane to the sphere
x2+y2+22-4x+2y-42+4=0
that can be passed through the straight line

ik T S 15
2
2 2
x“ -y
Xy ———, 99 (x,y)#(0,0)
(b) ARfx,y) = x2 1y
0, 99 (x,y)=(0,0)
2,d1£,(0, 0) 3 £, (0, 0) 1 AT
2 2
xy%, when (x, y) = (0, 0)
If fix, y) = X7y
0, when (x, y) = (0, 0),
then find
fey(0, 0) and fyx(O, 0). 15
1 2 0
(0 () AYEA=(2 1 -6
2 -2 3

o Ao 71 3R G st iores afds Fra ifs |

Find the eigenvalues and the corresponding eigenvectors of the

matrix 12
1. 2 0
A=|2 1 -6/|.
2 -2 3
(i) WATP,, R WH < n % ¥ Igual & afesr gafee I qwriar € | gafud fifsrg f
djm[%)= dim P, — dim Py
2
Let P denote the vector space of all polynomials of degree < n over
R. Verify that
dm[&—} = dim P, — dim Py, 8
P2
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Q5.

(a)

(b)

(e)

(d)

(e)

@vs B

SECTION B
4 2 2
2 Y (W) _ oY Y Y 5w i
(1 y +x2J(dx) de+x2 Bl
4 2 2
2 ¥y |(dy) _ oy dy | ¥y° _
Solve(l—y +;’:}(&J 2X 5 2 0. 10

[t e, e star fdeTiar sveii o Gurd €, T srereher GHiE0T 15U |
Form the differential equation of all ellipses whose axes coincide with
coordinate axes. 10

e ST fof goelt shi 7oft s 3 ey s, iy fof ey sver grn sverT foram T 2 3
i U g 2, 9 g delaeiar e o A1y (B TR, T e i e e

mﬁa&ﬁa’rﬁqaﬁm%lmﬁaﬁﬁm% AR

Prove that the time taken by the Earth to travel over half of its orbit,
which is separated by the minor axis and is remote from the Sun, when
the Sun is at the focus of the elliptic orbit, is two days more than half of

the year. The eccentricity of the orbit is taken as % : 10

feam mar 2 1 A 3 B o € diftw v w feor @1 g ¥, e e i gfi 2a 2
AO 3R BO 2 a9 Wit St & St O 9t uah @7y eft § 3t Ry 0 W | af2
T S o oalTs [ 8 79T d, AB & e O i e 2, ar qwiien £ ga R0, frad
E”Iﬁﬂzﬁ%, sl 9Tt ¢

2 - d2 = 2¢2 [cosh(gj— IJ

C
FLRECIRIC I

Given that A and B are two points in the same horizontal line distant 2a
apart. AO and BO are two equal heavy strings tied together at O and
carrying their weight at O. If / is length of each string and d is depth of O
below AB, then show that the parameter ¢ of this catenary, in which the
strings hang, is given by

12 - d2 = 2¢2 {cosh[ij— 1}. 10

c
gfg u=x+y+z, v=1(2-{-y2+z2 3R W = Xy + yz + zX %,?ﬁﬂ?ﬁg‘{%
grad u, grad v 3R grad w GHde1g 2 |

Ifu=x+y+2z v=x2+y2+22 and w=xy + yz + zx, then show that
grad u, grad v and grad w are coplanar. 10
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Q6. (a) IR fit) 3 g(t) F ATTE TURR FHAT: F(s) 3 G(s) &, a1 g Afvw 5

t
L [J' f(x)g(t—x)dx] = F(s) G(s) ® | 390 RO =T SANT A §Y, Hefiehaom

t
y(t) =t + _[ y(x) sin(t — x) dx g HRT |
0

If F(s) and G(s) are Laplace transforms of f(t) and g(t) respectively, then

t
prove that L [I f(x) g(t —x) dx] = F(s) G(s). Using this result, solve the

equation y(t)=t+ | y(x) sin(t — x) dx. 15

O —

(b) T eI S, fSreehl refcieh <ialT a 2, 1 U SR forelt fofg O w e @ i St
TEL B W Teh W 07 31 g1 € | St 1 Feater A= 1 3R fofig C 0 79 7
Wi ST @ S o a8 AT NTeHfeh T & =T AT 7 81 S1e qut 6 Sre fean smar
2 | Ffe S F FARYAT TOE F F WK F R g, af sy fF @

((N‘ ]Wﬁ?ﬁﬁﬁacwammml

One end of an elastic string, having natural length a, is fixed at some
point O and a heavy particle is attached to the other end of the string.
The string is drawn vertically downward till it is four times its natural
length at the point C and then released. If the modulus of elasticity of the
string is equal to the weight of the particle, then show that the particle

will return to the same point C in the time \/E (2J§ 1 %E] s 15
B

© () ¢x,y,2) =x2y222 & ﬁTg 1,1, -, TFx=et,y=2sint+ 1,
z =t — cos t, % fog t = 0 T Tusi-van it fawn # fegp-srawer =1 Frdey v
1l shifer |

Find the absolute value of the directional derivative of
0%, y, z) = x2y2z2 at the point (1, 1, —1) in the direction of the
tangent to the curve x=ef, y=2sint+1, z=t—cost, att=0. 10
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- —
s - > .
@ aReV. B =0, V.H = VxE=—%—IgaﬂTVxH=%%,
_)
po o me
a‘rasﬁsqﬁwzH ——H IAVZE =§?E g
ot2 ot
IfV.E =0, V.H=0, Vx E o andeH=—é?,
I > 2F
then show that V2ZH = —— and V2E = — 2 . 10
- ot2 ot2

Q7. (a) U 3 e Ao Frear @ g Fea % Rer way sref el el # war gen 7 | Al
T 9T T, et +ft =, Tiiet 3 werdt St foig R 7 2, i w1ty o wqer feem )

A solid sphere rests inside a fixed rough and hemispherical bowl of twice
its radius. If a large amount of weight, whatsoever, is attached to the
highest point of the sphere, then show that the equilibrium is stable. 15

(b) (ﬁ [(xy + y2) dx + x2 dy], & C, Tkl y = x 3 y = x2 g7 qitarg & <t ufeeiar
8
2, % fore wwaer # e w1 i wefid i |

Verify Green’s theorem in the plane for (j.) [(xy + y2) dx + x2 dy], where
C
C is the boundary of the region bounded by the curves y = x and y = x2. 15

3 3
© @) WW(1+QJ=§(X+Y)(_d_y)
dx 8a

dx
% =TI gt 3R fafer get ma fifsre |
Find the general solution and singular solution of the differential
3
equation (1+g§] —g(zuy)[ —‘%] ; 10
3 2
(ii) L GO L . 4 +y = x log x %1 U1 &1 J1d HIfIT |
dx3 dx?  dx

3d%y 9 a2 d%y dy

Find the complete solution of x3 3 + 3x +x— +y=xlogx.
dx dx2 dx

10

SLPM-P-MTH 8



Q8.

(a)

(b)

(c)

2
Wm(x+2)j—g — (2% + 5)3—y + 2y = (1 + x) eX &I Yr=e fa=ro
X X
fafer g g hifSiw |
d2y

Solve the differential equation (x + 2)Q -(2x + 5)3—1 +2y=(1+x)eX

by the method of variation of parameters. 15

HRITTH THITECHE® 0<x<a, 0<y<h, 0<z<c™®
s A A A
F =[x2-y2)i +(y2-2zx)j + (22 —xy)k]

% fore TITew STaETT yHY efud i |

Verify Gauss’s divergence theorem for

= A A A
F = [x%2 - y2)1 + (y2 — zx)] + (z2 - xy)k], taken over the
rectangular parallelopiped 0 <x<a, 0<y<b, 0<z<ec. 15

TS U I SHEATH a6 § JATHR SIe-afesg aret fer fae siem 3 3t Trfevs

&ferst A u o AT Fe et feig & warfue foba a2 | gwrise foh

(i)  (u®<2ag) Ffaw; For =t e wm § wrew Rufe & e
(about) 2T HTaT &,

(i) (u?>5ag)®* fau; U7 quiar: Iefter Tifer e &, 3R

(iii) (2ag < u? < 5ag) & foIq; =1, 956 1 vk wuff i fGew &, o &fos F @y

2
T o ST B, BI T, SAfF cos o = %
g

A particle is projected inside a fixed smooth cylinder with circular
cross-section in a vertical plane from the lowest point with initial
horizontal velocity u. Show that for

(1) (u? < 2ag); the particle oscillates about the mean position in
the lower half,

(i) (u?>bag); the particle executes complete circular motion,
and

(iii) (2ag < u? < 5ag); the particle will leave the curve in a tangential
direction, making an angle o with the horizontal
2
u” —2ag 20
3ag

such that cos o =
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