
Mathematical Physics — PHZ 3113

Einstein Convention Homework 1

1. Use the 3D identity

εijkεilm = δjlδkm − δjmδkl (1)

to calculate

(â× b̂) · (â× b̂) (2)

where â and b̂ are unit vectors. Eliminate
all â · b̂ in favor of cos θ.

Solution: Let

â =



ã1
ã2
ã3

 and b̂ =



b̃1
b̃2
b̃3

 . (3)

Then

(â× b̂) · (â× b̂) = εijkεilmãj b̃kãlb̃m

=
(
δjlδkm − δjmδkl

)
ãj b̃kãlb̃m

=
ãlb̃mãlb̃m − ãmb̃lãlb̃m


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= (â · â)
b̂ · b̂

 −
â · b̂

 b̂ · â


= 1 − cos2(θ) = sin2(θ) . (4)

Einstein Convention Homework 2

1. Use the identity (1) to eliminate the vec-
tor products from the expression

~a×
~b× ~c

 (5)

Solution (compare book p.33):

~a×
~b× ~c


= εijkx̂iajεklmblcm
= εkijεklmx̂iajblcm

=
(
δilδjm − δimδjl

)
x̂iajblcm

= x̂iajbicj − x̂iajbjci

= ~b (~a · ~c) − ~c
~a ·~b

 .
2. Use the definition~b× ~c


i

= εijkbjck (6)
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of the ith component of the vector product
~b× ~c to proof

~a ·
~b× ~c

 = ~b · (~c× ~a) = ~c ·
~a×~b

 . (7)

Solution (compare book p.30):

~a ·
~b× ~c

 = εijkaibjck

= εjkibjckai = ~b · (~c× ~a)

= εkijckaibj = ~c ·
~a×~b

 .
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