
PHYSICS 116A

Homework 9

Due the last class MONDAY March 17. Note that this is a non-standard day for homework. This last
lecture will be a review. Please send me by email suggestions for topics you would like to be covered.

Final:

The final exam will be on Thursday March 20, 12:00-3:00 pm. As with the midterm, it will be closed
book, but you can bring one sheet of handwritten notes if you wish. Calculators and other electronic
devices are strictly forbidden. The exam will be cumulative, but will have a slight emphasis of material
from after the midterm.
I am trying to get an overflow room where some of you will take the exam. Stay posted.

Tensors:

The material on tensors is from a handout that I have posted on the web. Please read it carefully.

To get credit you must show your working.

There are questions on both sides of the sheet.

1. Boas, Ch. 3, §12, Qu. 4.

2. Boas, Ch. 3, §12, Qu. 16.

3. Boas, Ch. 10, §2, Qu. 7.

4. Boas, Ch. 10, §3, Qu. 3.

5. Boas, Ch. 10, §4, Qu. 5.

6. Show that a triple scalar product, ~a ·~b×~c, is a pseudoscalar. Assume that ~a,~b and ~c are ordinary
(i.e. polar) vectors.
Hint: The transformation of the elements of Levi-Civita tensor is discussed in appendix D of the
handout on tensors.

7. The elastic constants of a material form a fourth rank Cartesian tensor, Cijkl.

(a) Explain why, if there were no relations between the different elements, there would be 81
elements. (Easy).

(b) In fact the elastic constant tensor is invariant under interchange of the first two indices or the
last two indices, i.e. Cijkl = Cjikl = Cijlk. Show that this reduces the number of independent
components to 36.

(c) In addition the elastic constant tensor is invariant under interchange of the first pair of indices
with the second pair, i.e. Cijkl = Cklij . Show that this reduces the number of independent
components further to 21.

Note: The actual number of independent components may be much less than this depending
on the symmetry of the system. For example, a cubic crystal has only three independent
elastic constants, which we could take to be Cxxxx, Cxxyy and Cxyxy. (By symmetry, all other
components are either zero or equal to one of these: it is a useful exercise to work out why
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this is the case.) For a completely isotropic medium, such as a liquid, there are actually
only two independent elastic constants, since one can show that Cxxxx = Cxxyy + Cxyxy.
The conventionally defined bulk and shear elastic moduli, K and µ respectively, are then
related to the components of the elastic constant tensor by K = (Cxxxx + 2Cxxyy)/3 and
µ = Cxyxy/2. See, e.g. Feynman Lectures on Physics, vol. II, §39.2.

8. (a) Show that
ǫiklǫjkl = 2δij ,

where ǫijk is the completely antisymmetric isotropic third rank tensor discussed in class.

(b) By considering the various possibilities for the indices j, k, l,m show that

ǫijkǫilm = δjlδkm − δjmδkl,

which was discussed in class.

9. State which of the following equations are sensible and explain your reasons:

Aijxj = Bi

Aijxj = C

Dijklxixjxkxl = C

ǫijk
∂Gi

∂xj
= Bk

∂Fijk

∂xk
= Bj .

10. (a) Consider the contravariant four-vector, xµ, µ = 0, 1, 2, 3 where x0 = ct, x1 = x, x2 = y, x3 =
z. Write down the corresponding covariant four-vector, xµ.

(b) Which of the following is a scalar: xµxµ, xµx
µ, xµxµ?

(c) We showed in the handout that ∂φ/∂xµ (where φ is a scalar field) transforms like a con-
travariant four-vector, and hence is often written ∂µφ. Hence show that the operator

∇2 −
1

c2
∂2

∂t2

is a scalar.
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