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V57/S24043/EE/20170724

Time : 3 Hours Marks : 80

Instructions :

1. All Questions are Compulsory.

2. Each Sub-question carry 5 marks.

3. Each Sub-question should be answered between 75 to 100 words. Write every questions
answer on separate page.

4. Question paper of 80 Marks, it will be converted in to your programme structure marks.

1. Solve any four sub-questions.

a) Show that the projection of the gradient of φ along the direction of a unit vector is
equal to the arc-rate of increase of φ along the curve. 5

b) The necessary and sufficient condition for the existence of an n-ply orthogonal system
of co-ordinate hypersurfaces is that the fundamental metric of Vn must be of the
form. 5

2 2( )ids gii dx=  summed over i.

c) Obtain the line element on a 2-dimensional Riemannian sphere V2 immersed in
3-dimensional Euclidean space S3. 5

d) Prove that 5

i) . ./ k
ij ik j kj ig x∂ ∂ = Γ + Γ

ii) / k hj i ih j
ij hk hkg x g g∂ ∂ = − Γ − Γ

e) Show that a vector of constant magnitude is orthogonal to its intrinsic derivative in
any direction. 5

2. Solve any four sub-questions.

a) Show that the geodesics on a 2-dimensional spherical surface are the great circles.5

b) If iu  and iv  are two vectors of constant magnitudes and undergo parallel displacements
along a given curve, show that they are inclined at a constant angle. 5

(P.T.O.)

http://www.ycmouonline.com

http://www.ycmouonline.com


KA17-3127 V57/S24043/EE/20170724 : 2

c) Show that the vector iv  of variable magnitude suffers a parallel displacement along a

curve C iff 5

( , ,k) / 0h i i h k
kv v v v dx ds− =  i, h = 1, 2, ..., n

d) Show that the covariant derivative of a covariant vector is symmetric iff the vector is
a gradient. 5

e) Prove that Kronecker delta symbol is a mixed tensor of rank 2. 5

3. Solve any four sub-questions.

a) Show that the functions gik are the components of the covariant symmetric tensor of
rank 2. 5

b) Show that the value of cosθ is never numerically greater than unity, where θ is the
angle of inclination between two vectors. 5

c) Prove that the cosine of the angle between the co-ordinate hypersurfaces xi-constant
and xk = constant is given by, 5

cos θlk = gik / gii.gkk   i, k are fixed.

d) Find the magnitude of a vector u. Show that it is zero if the projections of u on eh1 are
all zero. 5

e) Obtain the non-vanishing Christoffel symbols of both kinds for the metric.
2 2 2 2 2( sin )ds r d dθ θ φ= + 5

4. Solve any four sub-questions.

a) Show that the geodesics on a 2-dimensional spherical surface are the great circles. 5

b) The necessary and sufficient conditions that a system of co-ordinates be geodesic
with pole at p0 are that their second covariant derivatives with respect to the metric of
the space all vanish at that point. 5

c) If θ is any solution of the differential equation (�θ) 2 = f θ. Show that the
hypersurfaces θ = constant constitute a system of parallels. 5

d) Prove that a geodesic of a Vn is a line whose first curvature relative to Vn is identically
zero. 5

e) Show that a vector of constant magnitude is orthogonal to its intrinsic derivative in
any direction. 5
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