
PHY-422A : Midsemester Exam

Comments: 5 questions, 40 marks. Please put a box around your final answers.

2020/02/22

1. Find the irrep decomposition from the product representation : (6,6)

of SU(4). That is from :

⌦ =?

(a) List all the legal Young tableaus resulting in the decomposition.

[5 pts]

(b) Use hook’s law to calculate the resulting dimensionalities of the

irreps. [5 pts]

2. SU(2) :

(a) Draw the weight diagram corresponding to the product represen-

tation j⌦ j
0
=

5
2 ⌦

3
2 . Thereby, using weight diagrams, show that

you get the expected decomposition. [4 pts]

(b) Identify the highest weight states |4, 4i and |3, 3i in terms of the

states |j = 5
2 ,m; j

0
=

3
2 ,m

0i. [2 pts]

(c) Express |j = 3,m = 2i in terms of the states |j =
5
2 ,m; j

0
=

3
2 ,m

0i. [2 pts]

3. S4 :

(a) List the conjugacy classes of S4. Hence find the number of irreps.

[2 pts]

(b) Use Young tableaux and hook’s law to determine the dimension

of the irreps. Verify that N(G) =
P

r d
2
r . [3 pts]

(c) Character Table : Fill in the missing entries below. �1 is the

trivial irrep. The left column has the information on nc. [3 pts]
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(⇤)nc �1 �2 �3 �4 �5

(1)1

(12)6 -1 1 -1 0

(12)(34)3 1 -1

(123)8 0 -1

(1234)6 -1 1 0

4. SO(3) from SU(2)

(a) Verify that

u =

 
i
2

ip
2
+

1
2

ip
2
� 1

2 � i
2

!

is an element of SU(2). [2 pts]

(b) Find the rotation matrix R(�) corresponding to u, using the rela-

tionship between SU(2) group element and SO(3) group element.

[4 pts]

5. Consider the following mapping of a real number x to another real

number x
0
,

x ! x
0
=

ax+ b

cx+ d
, where, a, b, c, d 2 R and, ad� bc 6= 0.

(a) Show that these transformations form a group. [4 pts]

(b) Show that the cross ratio of four points,

(x1 � x2)(x3 � x4)

(x1 � x4)(x3 � x2)

is invariant under the transformation. [ 4 pts]
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