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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 attempt 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 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 (QCA) Booklet must be clearly struck off.
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SECTION A

Ql. (a) fug HhifS i n fonfia afes gufe v fou n Wawa: waa afestt =1 w18 ot

=g V & T 0 MgR sHaT R |
Prove that any set of n linearly independent vectors in a vector space V
of dimension n constitutes a basis for V. 10
1 ot
; 1
(b) HFAIT:R2— R3 U g qawor, o 2 6 T(o]z 2| qen T(1J= 2
3 8
2
¥ion ; % Td HINT |
. 1
Let T : RZ — RS be a linear transformation such that T(O) =(2| and
3
N 2
T()z 2 1. Fna’l .| 10
1 4
8
1
(c) lim (e* + x)* & A9 Feife |
X 2> o0
1
Evaluate lim (e* +x)*. 10
X —> 00

2

) I & srfrriar w1 e Sif |

(2x — xz)

2

; dx

Examine the convergence of T 10
(2x — x“)
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Q2.

(e)

(a)

(b)

(c)

T R qHad T R f6g (a, b, ¢) & T 2 a1 & H HAM: A, B C
forgatt w fireran 2 | famgatt O, A, B @1 C & T9d §U Tt o s 1 feimguy
T ifer, &l O qei-fog 2 |

A variable plane passes through a fixed point (a, b, ¢c) and meets the axes
at points ‘A, B and C respectively. Find the locus of the centre of the
sphere passing through the points O, A, B and C, O being the origin.

freafafga wfieor e & aft gat +t afe-aara fafy @ T hif .
Xy + 2X9 —Xg = 2 '
2x1 + 3X9 + 5X3 =5
—X1—3xX9+8x3=-1

Find all solutions to the following system of equations by row-reduced
method :

Xy + 2X9 — Xg = 2

2X1 + 3X9 + 5x3=5

— X1 —3Xg + 8xg =~

@laﬁlﬁ%aﬂaﬁawﬁﬁmm:@aﬁwmaﬁ%mﬁﬁ@
T R | T Y Afuiia o fafy w1 sEm s, 3w 9w @ e feg o
A% b ANTheT T AdH W FTd HIIT |

A wire of length [ is cut into two parts which are bent in the form of a
square and a circle respectively. Using Lagrange’s method of
undetermined multipliers, find the least value of the sum of the areas so
formed.

2 2 2
Ik P,Q R; P, Q, R, T farg & el :—2+§—2+Z—2=1 W B (frew)

WW%Wlx+my+nZ=pﬁWPQRﬁEﬁﬁ%,mﬁﬁ
oY 2 i loo, wwae PQR H Fref a d |
a“l b’m .e"n P :

If P, Q R; P, Q, R are feet of the six normals drawn from a point
2 2 2
to the ellipsoid x_2 + 12— + z—2 =1, and the plane PQR is represented
a b c
by Ix+my+nz=p, show that the plane P'QR’ is given by
y % 1
"B gk e sk e 0.
8t h'm ¢en . P
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Q3.

Q4.

(a)

(b)

(c)

(a)

X
A, T =y
Z
gfew gafee R(R) & @fesii 1 v aqg ? | q

() Tag Fifse % P, R3 I v IyEmfe 2 |
(i) P T ur o fomr 3ma hifSo |

x—y—z=0?liﬂT

2x—-y+z=0

X

x—-y—-z=0and
Let theset P=<|y

2x—-y+z=0

be the collection of vectors of a vector space R3(R). Then

(i) prove that P is a subspace of R3.
(i1) find a basis and dimension of P. 10+10

ST, T 1 TN Hh, I x2 + y2 = 4 TA WA y2 = 3x F IS
S%E T IRETH I |
Use double integration to calculate the area common to the circle

2 + y2 = 4 and the parabola y2 = 3x. 15
Tgan Hwrer s % et w1 wefienr sd i S et e

x—3=y—8=z—3 qon x+3=y+7=z—6 aﬁmm%|
& Sy Y e 4

Find the equation of the sphere of smallest possible radius
x-3 y-8 z-3

which touches the straight lines sy and
x+3=y+7=z—6. 15
-3 2 4

s fas ufafm T: R2 > R2 5@ Hifse st 76 R? % 73 afew 1 0 w0

F gm 3@ 2 | 7 oft fag iR fe e_“ %%Q T FE ot STTEER
A (SEaH) RE & R |

Find a linear map T : R2 — R? which rotates each vector of R? by an
angle 0. Also, prove that for 6 = g, T has no eigenvalue in R. 15
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(b) Wy2x2=x2—a2W$ﬁ@(3ﬂ)ﬁﬁQ,ﬁﬁa@Wﬁ?ﬁW%I

Trace the curve y2x2 = x% — a2, where a is a real constant. 20

(c) q\%mux+vy+wz=0,$i§ﬂ2+by2+cz2=03ﬁﬁaﬁqﬁﬁm
g, afrg R s b+c)uZ+(c+a)vi+(a+b)w2=0.

If the plane ux + vy + wz = 0 cuts the cone ax? + by? + cz2=0 in
perpendicular generators, then prove that
b+c)u?+(c+a)vi+(@+b)w?=0. | 15
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Q5.

(a)

(b)

()

(d)

s B
SECTION B

TITSU T Sfareher gefieRom ?+Py=Q 1 AH &
X

e Qoeirinfo, [ursg@)

2

Show that the general solution of the differential equation ? +Py =Q
3

can be written in the form y = % LoiRax {C + J‘eJ Pas d(%)} , where

P, Q are non-zero functions of x and C, an arbitrary constant.

sy foh et % o @ x2 = 4a (y + a) % i T3, I e o
fevra 21d € | »
Show that the orthogonal trajectories of the system of parabolas :
x2 = 4a (y + a) belong to the same system.

w R 1 T U8, 0 5 & g FC UF ®& FHqA W @ 2, w¥r qunick
tan 0§ ek B | i #t wHadt W I A TWE b g a9 R-fR Sy o

I9E R fomg 7 ©iwm A e v s @ s Hife, s'f o

A TS M H THAA o THH 2 | _

A body of weight w rests on a rough inclined plane of inclination 6, the
coefficient of friction, u, being greater than tan 6. Find the work done in
slowly dragging the body a distance b’ up the plane and then dragging it
back to the starting point, the applied force being in each case parallel
to the plane.

TH T8 |2gh I & @y fag O ¥ vafia fF mn awn gwaw % fag
P(x, y) W T¥3@ ¥ THIQ1 2 &l 31§ OX 7o OY shawn: fomg 0 & &fw
AT AUE Feate W@l § | e g@uw i & Gva fad gwwm w F, @
TuisY T x2 = 2hy a9 89w 1 Gue fwnedi § &, F01 POX #1 el
AR | ‘

A projectile is fired from a point O with velocity ,/2gh and hits a
tangent at the point P(x, y) in the plane, the axes OX and OY being
horizontal and vertically downward lines through the point O,
respectively. Show that if the two possible directions of projection be at
right angles, then x2 = 2hy and then one of the possible directions of
projection bisects the angle POX.

CRNA-F-MTH 6

% &9 # foran s w1 2, W&l P, Q, x % YW B § A4 C TF s IR

10

10

10

10



Q6.

Q7.

(e)

(a)

(b)

(c)

(a)

- A A -

zise 6 A —(6xy +29)i + (8x2-2)j + (3xz2-y)k Wﬁ% | q)iﬁ
%ﬂsrmﬁﬁrqaaﬁ A = V0.

Show that A —(6xy +z3)1 + (3x2 —z) j + (3xz2 —y)k is irrotational.

Also find ¢ such that A = Vé.

9] TS HT TH R (Ffaa) fmew 9r w fd 3o (Ife) TR B, @
aftw Y& % 3 fomgall P aon Q @ wedhl & ® | quisy fk an i fawqfa

(&) 21[1_3_J% et b T % e i g R e e

A cable of weight w per unit length and length 2/ hangs from two points
P and Q in the same horizontal line. Show that the span of the cable is

2
21 (1 - 25};7], where h is the sag in the middle of the tightly stretched

position.

grera-fereror faftr <1 3t ek, frefafaa stesher aiehor
(x2 —1)dxy 2xgx+2y—(x e

H1 7 HIFT, TaT FurIa e 1 T g y = x fean T 7 |
Solve the following differential equatlon by using the method of

variation of parameters : YD gxy 2x :i + 2y = (x2 —1)2, g1ven

that y = x is one solution of the reduced equation.

guae § W9 & 9T 6 § (3x2 — 8y2) dx + (4y — 6xy) dy & fou wenfua
ST, 98 C, x=0, y=0, x+y= 1R RoAE &1 1 e 5 B |

Verify Green’s theorem in the plane for § (3x2 — 8y2) dx + (4y — 6xy) dy,

. C
where C is the boundary curve of the region defined by x = 0, y = 0,

x+y=1.

N~ LT LY G S 8 o

TS i x+y+ z—1tﬂwﬁaﬁﬁm|
/\ A

Verify Stokes’ theorem for F =xi +22j + y2k over the plane
surface : x + y + z = 1 lying in the first octant.
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Q8.

(b)

(c)

(a)

ATATH TGN T I9FTT Hleh f=Aferfigd Il o quer -

d%y _dy . 2, 0<t<d,
—= —3—= + 2y = h(t), h(t) = 0)=0, y'(0) =
P e (t), ST& h(t) {0, b y(0) y(©0)=0
I g HIfT |
Solve the following initial value problem by using Laplace’s
2
transformation jt—g - 3—{ + 2y = h(t), where
2, O<t<4
b=y’ © y(0)=0, y(0)=0 15
(t) {O, a0 y(0) y'(0)

am ot Wt SITREE-EE #1 U doF g fRR Sod W wgfid ?, it 9
gt 1 TERR w7 qun IvAfTse woei@n &fow R | e A et & et
fog W 3eht st Breamd p den o # ot wewe forg @ 98 AeR % e g

1 S h 2 | Tulee 5 wumh T & S So wqf 2 AR h<pPTP'p,|

Suppose a cylinder of any cross-section is balanced on another fixed
cylinder, the contact of curved surfaces being rough and the common
tangent line horizontal. Let p and p’ be the radii of curvature of the two
cylinders at the point of contact and h be the height of centre of gravity
of the upper cylinder above the point of contact. Show that the upper

’

cylinder is balanced in stable equilibrium if h < % ; 15
p+p
1) WH’FﬁW:(x2—a2)p2—2xyp+y2+a2=0,\—sr€fp=?,a?
>
= 9 fafem sa & 3@ Aifw | = 9 fafm gt & &=
S dey 1 ot G |
Find the general and singular solutions of the differential

equation : (x2 — a2) p2 — 2xyp + y2 + a2 = 0, where ng—y. Also
X

give the geometric relation between the general and singular

solutions. 10

(i) f=fafaa stawa adfteo #i ga Hifvm -

2
(3x+2)2d—z+5(3x+2)d—y—3y=x2 +x+1
) dx 2 dx
Solve the following differential equation : 10

2
(3X+2)2:—X%+5(3x+2)gx—y—3y=x2+x+1
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(b)

(c)

n SR THEH B9 Hl Th TEA TH-GH & 1Y oo &9 & I g8 & a0
7% T RR A, @ @ikl g & | T Afet s P Een % g RR Ay, W
T T R | A TR W st Seater WEr | S8l % gehd J1d Hive |

A chain of n equal uniform rods is smoothly jointed together and
9

suspended from its one end A;. A horizontal force P is applied to the

other end A, ,; of the chain. Find the inclinations of the rods to the

downward vertical line in the equilibrium configuration.

TIE & YW YHY H1 ITAT J‘f).ﬁ’ds %1 A9 fewifee, &

- A A A S
F=xi-yj+@2-Dk @S, =& z2=0, z=1, x2 + y2 = 4 g’ &A1
B3 9 ® |

_>
Using Gauss’ divergence theorem, evaluate .U F.n dS , Where

- A A A S
F =xi —yj +(z2 — 1)k and S is the cylinder formed by the surfaces

z=0,z=1, x2+y2=4.
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