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Vector Identity 4

∇×∇ψ = 0

Proof

It should be noted that the right side is the zero vector; it’s not a scalar.

∇×∇ψ =

(
3∑

i=1

δi
∂

∂xi

)
×

 3∑
j=1

δj
∂

∂xj

ψ

=

(
3∑

i=1

δi
∂

∂xi

)
×

 3∑
j=1

δj
∂ψ

∂xj


=

3∑
i=1

3∑
j=1

(δi × δj)
∂

∂xi

∂ψ

∂xj

=
3∑

i=1

3∑
j=1

3∑
k=1

δkεijk
∂2ψ

∂xi∂xj

=

3∑
j=1

3∑
i=1

3∑
k=1

δkεjik
∂2ψ

∂xj∂xi
(Let i be j and let j be i.)

=
3∑

i=1

3∑
j=1

3∑
k=1

δkεjik
∂2ψ

∂xj∂xi
(Switch the sums.)

=

3∑
i=1

3∑
j=1

3∑
k=1

δkεjik
∂2ψ

∂xi∂xj
(Switch the differentiation order.)

=
3∑

i=1

3∑
j=1

3∑
k=1

δk(−εijk)
∂2ψ

∂xi∂xj
(Switch the indices.)

= −
3∑

i=1

3∑
j=1

3∑
k=1

δkεijk
∂2ψ

∂xi∂xj

= 0

www.stemjock.com


