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1

Define the groups SU(2) and SO(3), and find their Lie algebras. Show that these
Lie algebras, including their bracket structure, are isomorphic.

Define the group SU(3). Identify an SU(2) subgroup and an SO(3) subgroup of
SU(3).

Consider the standard action of SU(3) on C
3, and let

z =





z1
z2
z3





denote a general vector in C
3. For the vector





1
0
0



, determine the orbit and the isotropy

group.

The equation
z2
1
+ z2

2
+ z2

3
= 1

defines a subset M of C3. Show that M is not an orbit of SU(3). What can you say about
the action of the real SO(3) subgroup on M?

[Hint: You may find it helpful to write z = x+ iy, where x and y are real vectors.]

2

The gauge potential of a gauge theory in the (x, y) plane, with gauge group G, has
components (Ax, Ay). Show that the field tensor has only one independent component,
Fxy, and give the formula for this.

Let g(x, y) be a G-valued function, and suppose

Ax = α(∂xg)g
−1 , Ay = α(∂yg)g

−1 ,

where α is a real constant. Evaluate Fxy in terms of g and its derivatives. Explain why,
for certain values of α, Fxy vanishes for all g(x, y).

Suppose now that G = SU(2) and that

g(x, y) = exp

(

−
1

2
i(xσ1 + yσ2)

)

where σa (a = 1, 2, 3) are the Pauli matrices. Show that g = ±I at the origin and on an
infinite number of circles in the plane. Calculate Fxy at the origin, and show that Fxy = 0
at all points on the circles.

Part III, Paper 42



3

3

What are meant by the weights of a representation of SU(3). Calculate, from the
definitions, the weights of 3, the fundamental representation of SU(3), and 3, its complex
conjugate.

Calculating with weights, show that

3⊗ 3 = 8⊕ 1 (∗)

and describe briefly what the representations 8 and 1 are, and why they are irreducible.

In the context of the quark model with approximate SU(3) flavour symmetry, discuss
how the relation (∗) leads to a classification of meson states with spin/parity 0−, including
the pions. Briefly discuss the quark content and some physical properties of the meson
states at the centre of the weight diagram.

4

Give an account of how the irreducible representations of

i) SO(4),

and

ii) SO(1,3)↑, the connected component of the Lorentz group,

may be constructed using irreducible representations of SU(2).
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