Homework No. 01 (Fall 2021)

PHYS 500A: MATHEMATICAL METHODS

Department of Physics, Southern Illinois University—Carbondale
Due date: Monday, 2021 Aug 23, 4.30pm

1. (20 points.) Verify the following relations:

8ij = 8ji, (1a)

8 = 3, (1b)
0ikOk; = 0ij, (1c)
SmBm = B, (1d)
€ijk = —Eikj = Ekijs (le)
gk = 0, (1f)
dij€ijk = 0 (1g)

2. (20 points.) In three dimensions the Levi-Civita symbol is given in terms of the deter-
minant of the Kronecker d-functions,

€ijkEimn = | 0j1 Ojm Ojn (2a)
Okl Okm Okn
= 0i1(0jmOkn — 0jnOkm) — Oim (0j10kn — 0jndk1) + 0in(010km — 0jmOki)- (2Db)

Using the above identity show that

EijkEimn = 6jm5kn - 5jn5kma (3&)
€ijk€ijn = 20kn, (3b)
Eijk€ijk = 6. (3C)

3. (20 points.) Use index notation or dyadic notation to show that

Vx(VxA)=V(V-A)- VA, (4a)
V- (AxB)=(VxA)-B-—A.(V xB), (4b)
Vx(AxB)=(B-V)A+A(V-B)—(V-A)B- (A -V)B. (4c)

4. (20 points.) Evaluate
V(%) ®

where p is a constant vector.



