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Symmetry Groups in Physics: Problems

Problem 33 — Torus
The “Closed Subgroup Theorem” (der Satz von Cartan) states that a subgroup H of a Lie group
G is a Lie subgroup if and only if H is closed (i.e. H “ H Y BH).

Furthermore, a normal subgroup H of a Lie group G is a normal Lie subgroup if and only if H is
closed (i.e. H “ H Y BH).

a) Consider, as an example, the torus:
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and show that G is a Lie group!

b) Compute the structure constants of the corresponding Lie algebra!

c) Show that
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is a normal Lie subgroup of G!

d) Show that

H 1 “
"ˆ

e2⇡i' 0
0 e2⇡ir'

˙ ˇ̌
ˇ ' P R

*
with irrational r

is not a Lie subgroup of G!


