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Problem Set 1
#5 solution
Long winded version

Prove:

Vx(qu)= V(Vou)—vzu

Step by step in index notation.

Start by changing the first cross product into indexnotation.

G (T 6,7, (7 x2)

ijk _
Remember that: V,=——

Change 2nd dot product to indexnotation:

o
=g, —&, Vu
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Once in indexnotation, products are commutative. Rearranging:

2
=g...E _8 aff
= CiikS kin

Iy n ax ax!

J
Take a look at €;;,&,,, There are four free indices, so this must be a 4th order
tensor. And since&’ijk is isotropic, &4y, must also be sotropic. There are only

three possible ways to express a 4th order isotropic tensor with the free indices
ij.l,and m. These are:

0,0, 0,0 5,0

Jm im " jl



Therefore, we can put the expression above in terms of these three isotropic 4th
order tensors, with some scalar constants 4, 4,, A,

.ykgk!m /?"l !m + ﬂ’ 5 é‘Jm + /1’3 im ,rl

Now multiply by: 5U5,m

(g@ (/1'1 Im +j’ 5 5JH.’ /?’3 im jl

Which simplifies to:
ukgkmm /115':‘51! + /125 + Z’J&}m jm

Remember that: o, =3
Eiig =
So:
0=94,+34, +34,
Stmilarly, if you multiply by the other two 4th order isotropic tensors:

Multiply by5i!5 . remembering that &€, =6

6=34 +94, +34,

and by:9, o

im™~ j!

—6=34 +34, +94,

Thus we have a system of 3 equations and 3 unknowns. Solve for:

A =0
A, =1
A, =-1



Now go back to the original expression, and substitute for £€,,&y,,
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Distribute: | j axjaxj
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Now use the kroneker deltas to change indices in each term;

6214 : azu
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" Ox,dx, Ox,0x,

o . ;
Factor out the 5, In the first term, and combine xJ'.s in the second:
- o 2
ax; |\ ox; | Ox,

Convert back to vector notation;

V(T o)-vi

And you're done.
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