
Vector Analysis HOMEWORK VII Solution

1. Compute δijδjkδki

Solution:

δijδjkδki = δikδki = δii = 3

2. Use suffix notation to show

(~a×~b)× ~c+ (~b.~c)~a = ~a× (~b× ~c) + (~a.~b)~c

Solution:

[(~a×~b)× ~c+ (~b.~c)~a]i

=εijk(~a×~b)jck + bjcjai

=εijkεjlmalbmck + bjcjai

=(δklδim − δkmδil)albmck + bjcjai

=akbick − aibkck + bjcjai

=akckbi

[~a× (~b× ~c) + (~a.~b)~c]i

=εijkaj(~b× ~c)k + ajbjci

=εijkajεklmblcm + ajbjci

=εijkεklmajblcm + ajbjci

=(δilδjm − δimδjl)ajblcm + ajbjci

=ajbicj − ajbjci + ajbjci

=ajcjbi

So we see the left side equals the right side.
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3. Use suffix notation to show ~∇× (f ~∇f) = 0

Solution:

[~∇× (f ~∇f)]i

=εijk
∂

∂xj
(f
∂f

∂xk
)

=εijk
∂f

∂xj

∂f

∂xk
+ εijkf

∂

∂xj

∂f

∂xk

=[~∇f × ~∇f ]i + f [~∇× ( ~∇f)]i

=0

4. Use suffix notation to show ~∇.(∇2~u) = ∇2(~∇.~u)

Solution:

~∇.(∇2~u) =
∂

∂xi
(∇2ui)

=
∂

∂xi

∂2ui
∂xj∂xj

=
∂3ui

∂xi∂xj∂xj

=
∂2

∂xj∂xj

∂ui
∂xi

=∇2(~∇.~u)

5. An equation is given in terms of the suffix notation as

ut
∂ui
∂xt

=
1

2

∂(ukuk)

∂xi
− εijkεklmuj

∂um
∂xl

(i). Write this equation in vector form.

Solution:
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~u.~∇~u =
1

2
~∇(~u.~u)− ~u× (~∇~u)

(ii). Prove this equation.

Solution:

1

2

∂(ukuk)

∂xi
− εijkεklmuj

∂um
∂xl

=uk
∂uk
∂xi
− (δilδjm − δimδjl)uj

∂um
∂xl

=uk
∂uk
∂xi
− uj

∂uj
∂xi

+ uj
∂ui
∂xj

=uj
∂ui
∂xj

=ut
∂ui
∂xt
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