Phys. 735: Homework III

due September 29, 2006

1. (5 pts)
Define a set of mappings £: M* — M*: VL € £, there is ¢ = LgL"*
where M* is Minkovski space with following metric g
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Prove that £ forms a group.

2. (5pts)
Write the Lorentz transformation in terms of rapidity R:

zy | | coshR —sinhR Zg
#y | | —sinhR coshR T
where v = cosh R and 3 = tanh R.

Prove that

(—Roy) = coshR —sinh R
erp 9= | _¢inhR cosh R

where
101
o1 = 10 .

Hint: Refer the related matriz algebra for calculating e”, with A being a matriz

3. (10 pts)

3.1 (4 pts)
Prove that in M*, the boost along the x direction L, can be written in terms of the

exponentiation of generator Li:

L, =exp(—R,Ly)

1



where R, = tanh(v,/c) and L, is the extension of o; written as
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o O = O
o OO =
o O OO
o O OO

3.2 (3 pts)
By the example of 3.1, find the generators L, and L3 which are also natural extension of
o1, which can generate the boost along y and z direction respectively via exponentiation.

3.3 (9 pts)
Verify that the commutator [L;, Ly can generate a rotation along a certain direction and
in a certain plane via exponentiation. Find the direction of rotation and the plane.



