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C.S.E. (MAIN)

MATHEMATICS
PAPER - I - 2005

Time Allowed : Three Hours Maximum Marks : 300

Candidates should attempt Question 1 and 5 which are
compulsory, and any THREE of the remaining questions
selecting at least ONE question from each Section.

Assume suitable data if considered necessary and indicate the
same clearly.

SECTION-A

1. Attempt any five of the following :
(a) Find the values of k for which the vectors (1,1, 1, 1),
(1,3, -2, k), (2,2k-2,-k-2,3k-1) and (3, k +2, -3,
2k + 1) are linearly independent in R 12
(b) Let V be the vector space of polynomials in x of degree
<n over R. Prove that the set {1, x, x%, .., x"} is a basis
for V. Extend this basis so that it becomes a basis for

the set of all polynomials in x. 12
(c) Show that the function given below is not continuous
at the origin : 12
(x7) [0ifxy=0
X,y) =
fixy }L lifxy =0

(d) Let f: R? - R be defined as

f(x,y) = ;Y -, (x,y) = (0,0) £(0,0)=0
\,"(x it & }
Prove that f, andfy exist at (0, 0), but fis not differentiable
at (0, 0). 12

(e) If normals at the points of an ellipse whose eccentric
angles are o, B, v, and 8 meet in a point, then show that

sin(P +v) + sin(y + a) + sin{e + p) =0 12
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(f) A square ABCD having each diagonal AC and BD of
length 2a, is folded along the diagonal AC so that the
planes DAC and BAC are at right angle. Find the
shortest distance between AB and DC, 12

2. (a) Let T be a linear transformation on R®, whose matrix
relative to the standard basis of R® is

2 1 -1
1
13 3 4
Find the matrix of T relative to the basis
#={(111),(1,10),(0,1,1),} 15
(b) Find the inverse of the matrix given below using
elementary row operations only : 15
[2 0 -1
|15 1 0
F
L0k 3

() If S is a skew-Hermitian matrix, then show that
A =(I+8)(I-5)"is a unitary matrix.can be expressed
in the above form provided -1 is not an eigenvalue of
A. 15

(d) Reduce the quadratic form
6x] + 3x3 + 3x3 — 4 X, X, — 4%, X, + 4X;3 X,

to the sum of squares. Also find the corresponding linear
transformation, index and signature. 15

3. (@) fu=x+y+2z uv=y+zand uvw = z, then find

a(x,y, z)

o(u, v, w) 15
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(b) Evaluate
gk aaned

in terms of Beta function. 15

(c) Evaluate j‘[jzdvr where V is the volume bounded

v

below by the cone x* + y? = 2z? and above by the sphere

x?+y*+ 22 =1, lying on the positive side of the y-axis.

15

(d) Find the x-coordinate of the centre of gravity of the solid

lying inside the cylinder x*+y? = 2ax, between the
plane z=0 and the paraboliod x*+ y* = az.

(a) A plane is drawn through the line x+y=1, z=0 to

: ad 1
make an angle S i(g) with the plane x +y +z=5.

Show that two such planes can be drawn. Find their

equations and the angle between them. 15
(b) Show that the locus of the centres of spheres of a co-
axial system is a straight line. 15

(c) Obtain the equation of a right circular cylinder on the
circle through the points (a, 0, 0), (0, b, 0) and (0, 0, c)

as the guiding curve. 15

(d) Reduce the following equation to canonical form and

determine which surface is represented by it : 15

2x?-7y* + 22*-10yz - 8zx - 10xy + 6x + 12y -6z +2=0
SECTION-B

Attempt any five of the following :
(a) Find the orthogonal trajectory of a system of co-axial
circles x* + y* + 2gx + ¢ = 0, where g is the parameter.
' L7
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d
(b) Solve : Xy i = J[Xz -y - x%y? - i] 12

(c) A body of mass (m, + m,) moving in a straight line is
split into two parts of masses m, and m, by an internal
explosion, which generates kinetic energy E. If after
the explosion the two parts move in the same line as
before, find their relative velocity. :

(d) If a number of concurrent forces be represented in
magnitude and direction by the sides of a closed
polygon, taken in order, then show that these forces
are in equilibrium. p 45

(¢) Show that the volume of the tetrahedron ABCD is

— ¥
E{AE x AC).AD. Hence, find the volume of the

tetrahedron with vertices (2,2, 2), (2,0,0), (0,2,0) and

(0,0,2).
D
A
A

B
(f) Prove that the curl of a vector field is independent of
the choice of coordinates. 12
6. (a) Solve the differential equation : 15

]
[(x +1)D3+ 2(x + 1D - (x + 1)'D + (x + 1)}y = R

(b) Solve the differential equation
(2 +y3)(1+p) = 2(x +y)(1 + p)x + yp) + (x + yp)* =0
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