Andreas Braun Geometry of Mathematical Physics II1 EP, problems week 3

6) Verify that

a) For an element A(A) = €% of the Lorentz group (I'? is one of the

generators of the Lorentz algebra introduced in the lectures) show that
A(0) = A(2r) = 1. Now compare this behavior to the corresponding
element of the representation acting on a Dirac spinor: Ay /5(0) = 50

b) Let 7% := iy"y'y?y®. What is 5 (v* £ 1) ¥ for ¥ a Dirac spinor written
in terms of Weyl spinors?

7) How does B
B = WAty

transform under Lorentz transformations for ¥ a Dirac spinor?

8) For a Dirac spinor ¥ write

TRV and VA
in terms of Weyl spinors.

9) For a relativistic point particle moving on path C' through space-time, the
only Lorentz invariant property of C' is its length. Taking the action of a
relativistic particle to be the length of C' and parametrizing C' as x*(s) we
can write this as

Slat, ] = —cm/cds = —cm/c \/ —TrE,ds . (0.1)

for a constant m and ¢ the speed of light and * = 9/0s x*. C' is called the
world-line of the particle.

a) Show that this action is invariant under Lorentz transformations
at — AR Y.

b) Find the equations of motions and show that they are solved by straight
lines in space-time.

¢) Set s =t and expand the action for slow particles to recover the action
of a non-relativistic point particle.

Here are some things to ponder:

1. In which ways is the relationship between SO(3) and SU(2) the same as the
relationship between the Lorentz group and SL(2,C).

2. What is a spinor?

3. What is an action?




