- 3 a4 by Ty 2=
1. (@) Let T:R®—>R® be a linear operator on R deﬁnel, 1, 0), 4, O, O} 8
Ry +2z, x-4y, 3x). Find the matrix of T in the pasis {1 1 ( » 5

(b) The eigenvalues of a real symmetric matrix A &l L1100
= g
corresponding eigenvectors are el 11 of,001 agd V2
2

respectively. Find the matrix A%,
; 2, .2 = side the
(¢) Find the volume lying inside the cylinder X"ty ~2x=0 and out
paraboloid x? +y? =2z, while bounded by xy-plane.

(d) Justily by using Rolle’s theorem or mean value theorem that there is no

aumber k for which the equation x3 _3x+k =0 has two distinct solutions in
the interval [-1, 1} 8
If the coordinates of the points A and B are respectively (bcosa, bsind) and

(e) ) S
(acosB, asinp) and if the line joining A and B is produced to the point M(x Y)

<o that AM : MB = b: a, then show that xcosa;B +ysin9;—B -o. 8

2. (a) Determine the extreme values of the function f(x, y) = 3x2 —6x +2y2 _4yin the

2
region {(x y) eR?: 3x2 +2y% <20} .

(b) Consider the singular matrix
[N -1 1

s 1 -1
10 -10 -10 14
4 -4 -4 8

e

Given that one eigenvalue of A is 4 and one eigenvector that does not
correspond to this eigenvalue 4is (1 1 0 0)T . Find all the eigenvalues of A other

than 4 and hence also find the real numbers p, G, T that satisfy the mairix
equation A* + pA3 +gA% +TA =0, 15

(c) A line makes angles o, B, ¥, § with the four diagonals of a cube. Show that

2 ; 4
cos“ o +cos? ﬁ+cos§ Y +(:os2 d=— 15
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i = 2 1, ‘1)’ Xq = 2
3. (o) Consider the vectors X L 2 2 2 4,11, g T
x4 =, 6,2, 0)in R*. Justiy that e ear spap o y 78 % =4 =2 0= and

» X2, X3, X4} is a
subspace of R?, defined as : a
4. 5 IS
{(&11 gQ; &3) &4) eR": 251 2 0 2&1 -3&3 &4 _0}

Can this subspace be written 25 (@, 20, B, 20.-3p) : o, BeR}? What is the
dimension of this subspace? ' : 15

gulal' box are linear functions of time—I(t), w(t) and

() The dimensions of a Ectad reasing at the rate 2 cm/sec and the height

th are in¢ .
fs(tiﬂ ;irt::sjzzg;? :‘;Zdr‘:ég 3 cm/S€C) find the rates at which the volume V and

the surface area S are changing with respect to time. If 1(0) =10, w(0) = 8 and
h(0)=20, is V increasing or decreasing, when t = 5 sec ? What about S,
when t=5 sec ? 10

(c) Show that the shortest distance between the straight lines
_ : x+3_y+7 _2-6
3 =1 1 -3 2 4

is 3¥30. Find also the equation of the line of shortest distance. 15

4. (a) Using elementary row operations, reduce the matrix

2 1 W)
30
i P 4
D 1A
Ny 3

to reduced echelon form and find the inverse of A and hence solve the system
of linear equations AX = b, where X =(x, y, z u)T and b=(2, 1, 0, 4)T_

15
(b) Find the centroid of the solid generated by revolving the upper half of the
cardioid r = a(l +cos6) bounded by the line 6 =0 about the initial line. Take the
density of the solid as uniform. 10

(c) A varlable plane is parallel to the plane +< Y +_ =0 and meets the axes at the
a b c¢

points A, B and C. Prove that the circle ABC lies on the cone
yz ( b C) + ZX ( b
c b a C) ¥ xy (b a) 0

15
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SEcTioN—B

8
d
' 2 . ’ D = —
5. (a) Solve the differential equation (D2 4 ])y = x" sin 2x; dx
/ 8
p=Y:
. . = th’ Where
ifferential equation (px - y)(py + X)
(b) Solve the differ ) < ) tre of gravity at 120 cm :irorrtl.
its)SEh loads o
: 4 hasits 2% me end are hung
(c) A2 metres rod has a weight of 21 a'r'lcrrl fToLh th: at which the rod must be
ne end. At 20 cm, 100 cm and 160 4 the poin 3
;N 7N' and 10N respectivcly: Flt’: } .
sup;gorted if it is to remain horizon
3_ — — —_—
Find 4T in terms of T, ¥ and B,
(d) Let 7=F(s) represent a sSpace curve 43
here T, N and B represent tangent, Principal normal and binormal
where ) _ a_ ~ .
ively. Compute dr) @ 2r x 9°7 | in terms of radius of curvature and the
respectively: ds \ds* gg3 i
torsion.
2.0 3)dx - 3x%y2dy along the ath x4 —Gv:3 —A..2
) Evaluate [(10x* -2xy7)&=2E7ydy Flong (e path x* -6xy® =42, 8
(0, 0)
6. (a) Solve by the method of variation of parameters the differential equation
. (a
2x(t
x"(f)‘—‘z() =t, Wwhere 0<t<oo s
(b) Find the law of force for the orbit r2 =a?cos 20 (the pole being the centre of the
force). 15
(c) Verify Stokes’ theorem for V = 2x - )i - yz? j - y? 2k, where S is the upper half
surface of the sphere x? +y2 +2z2 =1 and C is its boundary. 0
7 (@) Find the general solution of the differential equation
Hence find the particular solutigp satisfying the conditions
T
x[§)=o and X(E)=o 15
8
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llow hemj
(b) A vessel is in the shape offa:np Misphere surmounteqd by a cone held

(c)

8. (a) Find the general solution of the

(b)

(c)

i i rtex

th the axis vertical and ve
:meerge half the axis of the cone in the y;
double the radius () of its base, find the re

sultant downward thru
i st of th
e vessel in terms of the radi -

liquid on th Us of the hemisphere and density (p) of

the liquid.

Derive the Frenet-Serret formulae. VErify the same for thenbaitaciie
x = 3cost, y=3sinl, z =4t.

differential equation

(c-2y” - (ax - Ty +{4x -0y =0

A shot projected with a velocity U can just reach a certain point on' the

horizontal plane through the point of projection. So in order to hit a mark

h metres above the ground at the same point, if the shot is projected at the

same elevation, find increase in the velocity of projection.

Derive V2 = A + 0 + 0
ox?  By? 9z2

in spherical coordinates and compute

V2 X

5 | in spherical coordinates.
(x2 +y% +2%)2

* % %

15

10

10

15

15
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