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Kharazmi University

Faculty of Physics

Solutions for Homework 3
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Problem 1:

Calculate the value of each of the following expressions.

3
e (a) Z(su =7 = (C) Z Zeijkemjk =4
i=1
3 3 3 3 3
" (b) Z Z Oij€ije =7 = (d) Z Z Z €ijk€ijk =

i=1j=1 i=1j=1k=1

Answer Problem 1: See the lecture 3.

Problem 2:
Show that
éi o (éj X ék) = €k

where é,, (n = 1, 2, 3) are the orthonormal right-handed basis vectors in the order 1, 2, 3.

Answer Problem 2: See the lecture 3.
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Problem 3:

Show that

Answer Problem 3: s
A= Arey + Azéy + Ages = Y A

=1

3
B = Bjé; + Byéy + Bsés = ZBjéj
=1l

3 3
A x B:ZZAiBjéZ‘ Xéj

i=1 j=1

3 3 3
— E E AZBJ E Eijkék
=1 j=1 k=1
3 3 3

= Z Z Z ijAZ‘Bjék

i=1 j=1 k=1

Problem 4:

Show that

=1 j=1 k=1
Answer Problem 4:
3
A (BxC)=> Ai(BxC);
i=1
3 3 3
=2 A4iY. > emiBiC
i=1  i=j k=1
3 3 3
= Z Z Z ijiAiBjCk
i=1 i=j k=1

3 3 3
= Z Z Z EijkAl'BjCk

i=1 i=j k=1
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Show that

Answer Problem 5:

3

>4 B
p=il i=j k=1
3

>

3
Z ijiAiBjCk

\. J

Problem 6:

Show that

3
E €ijk€itm = 0510km — Ojm Okl
=1

Answer Problem 6: The left side is a sum of three terms:

€jki€jlm = €1ki€llm T €2ki€2im + €3ki€3Im-

This identity can be understood as follows: For the Levi-Civita symbol to have nonzero values, all
indices must differ in each factor on the left side (j # k # i and j # | # m). Since the first index j is
shared in both Levi-Civita symbols, and indices take values 1, 2, or 3, there are two possibilities: either
k=lork=m

 If k = [, the remaining indices must satisfy i = m, resulting in a term 0g; ;.
» If k = m, swapping [ and m introduces a minus sign, leading to —d,,,d;;.
Combining these cases, the full identity becomes:
€ki€jim = Ok10im — OkmOil-

Proper attention to index ordering ensures the correct signs in the final expression.
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Problem 7:

Show that

Answer Problem 7:

Using

Z CaClmon = Ofm®im = OO

p=1

we can write:

3 3 3 3
Zzeijkemjk = E E €kij€kmy
Jj=1k=1

j—l k=1
= Z m JJ m)
= Z m m
3 3
= Z Z

= 20im

L J

Problem 8:

Show that A x (B x C) = B(A - C) — C(A - B). This is known as the BAC-CAB rule.

Answer Problem 8:

[Ax (B xC), ZZWA (B x C),
= Z % eigids ) ; €1im BiCm
- i Zk: Z ZI: e B Ol
i m
using

> erimeist = dubjm — im0
k
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[Ax (BxC)),= Z Z le(éudjm — Oim0j1)A; B;Cy,
- iz zl: 8i16jm A; B1Cly — Z > El: 8im0;1A;B,Chp,
= ZJ: ZZ: 51 4;BIC; =Y > 6i:nAijCm
J j m
= Z(Ajcj)Bi - Z(Aij)C'i
J

—(A-C)Bi— (A- B)C;

Therefor,
Ax(BxC)=B(A-C)—C(A-B)




