MATH312 Tutorial Questions
Autumn 2008
Week 4

Question 1:

Consider the modified cylindrical polar coordinates (7,0, z) where

x =rcosb, y=rsind — 0, z=2z.
Given that ok ok
i = 02" 02" g = VG
Y oXioXI g ’
then find:

1. The metric tensor g;;.
2. The conjugate metric tensor g/*.

3. The Jacobian determinant .J.

Question 2:

Write down and classify the appropriate transformation laws for the following tensors.

2. B
C

= W

€ijk

5. I

Question 3:

Consider the prolate spheroidal coordinates (u, v, ¢)
x = asinh usinv cos ¢, x = asinh usinvsin ¢, z = acoshucosv.
Find:
1. The position vector r = r(u, v, @).
2. Find the set of tangential base vectors (Ey, Ea, E3).
3. Determine the metric tensor g;; using the fact that

95 = Ei- Ej.

please turn over for some more fun. ..
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Question 4:

For the following tensors, raise all subscript indices and lower all superscript indices

1. T,

2. H*

3. Dibcde
4. g’k

ox’
0Xi

Question 5:

Consider the coordinate transformation from Cartesian coordinates (2!, 22, 23) into cylindrical
polar coordinates (X!, X2 X?3), namely

2t = X1tcos X2, 2% = X1tsin X2, 2= X3,
and let the vector A be represented by
A= Aser + Ayea + Azgs.
Then:
1. Sketch the geometrical representation of the coordinate transformation.
2. Find the inverse transformation.

3. Show that the set tangential basis vectors (E1, Eq, E'3) are related to the usual Cartesian
orthonormal basis vectors (e1, €3, €3) by

By = cos X?e; + sin X ey, Ey = —sin X?e; + cos X ey, B3 =es.
4. Show that the tangential basis vectors given above in 3. are unit vectors.
5. Find the contravariant physical components A1, A®) and A®) of A.

6. Determine the gradient basis vectors (E!, B2, E3).

7. Find the covariant physical components Ay, A2 and A of A.
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