
QED Homework - 8 September 2009

1. Show that the gamma matrices satisfy {�, �} = 2��� where ��� is the Minkowski metric.
(from Griffiths 7.2 - Introduction to elementary particles)

2. Let S be a subset of a group G. Show that S is a subgroup if and only if ab−1 ∈ S whenever
a, b ∈ S. (from Hassani 23.1 - Mathematical physics)

3. (a) Show that the set of all unitary n × n matrices constitutes a group. (To prove closure,
for instance, you must show that the product of two unitary matrices is itself unitary.) (b) Show
that the set of all n × n unitary matrices with determinant 1 constitutes a group. (c) Show that
O(n) is a group. (d) Show that SO(n) is a group. (from Griffiths 4.5 - Introduction to elementary
particles)

4. Consider the case of projectile motion under gravity in two dimensions. Find the equations of
motion using Euler-Lagrange in each dimension. I.e.
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(from Marion and Thornton 6.2 - Classical dynamics of particles and systems)

5. In preparation for next class, find and read an overview of the Dirac equation and the Klein-
Gordon equation and summarize the differences and any history of note (something like 1-2
paragraphs).

6. [Extra] Use the calculus of variations to solve a classic problem in physics: the brachis-
tochrone. Consider a particle moving in a constant force field starting at rest from some point
(x1, y1) to some lower point (x2, y2). Find the path that allows the particle to accomplish the
transit in the least possible time (as opposed to minimizing the Lagrangian). (from Marion and
Thornton 5.2 - Classical dynamics of particles and systems)
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