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Problem Sheet 2.
Cartesian tensors

Question 1

Which of the following expressions make sense in index notation?
i. a= bj,Cij dj
ii. a; = bz + cijdjiei
iii. a = bici + dj
iv. a; = 5ijkbjck
V. ap = bici;

vi. a;; = biCj + ek

Question 2

Simplify the expression
(Aijk + Ajii + Agji)zizjxy,

Question 3

Use Cartesian tensor methods to prove the following identities:
i. (axb)-c=a-(bxc)
ii. VxVep=0
iii. V-Vxa=0
iv. V-(uxv)=(Vxu)-v—(Vxv)-u
v. V-(pu) =pV-u+u-Vp
vi. V xr =0 where r = (z,y, 2)
vih axbxc+bxcxat+cxaxb=0
vili. £(r x pu) 4+ (r x pu)V-u=r x [%(pu)+V~(puu)]
ix. u-Vu=1V(u-u)+(Vxu)xu
x. Vx(uxv)=(v-Viu—(u-V)v+(V-vju— (V- -u)v

Hint: use the identity
€ijkEpgk = Oipdjq — digljp

freely. Convert the identity to component form, manipulate then convert back to dyadic form.



Question 4
Prove or disprove , where b;; is not symmetric:
i bi;Ty; = bijyix;
ii. bijjxix; = bjxiz;
il (byj + bji)ziy; = 2bjxy;
iv. (bij +bji)xixy = 2bjm51,

V. €ijkTij = 0= Tij = Tji

Question 5

Show that
i. ST =0if S is symmetric and T is antisymmetric.

ii. EijkEijl = 25kl

Question 6

Evaluate
i Oy
i 050
iii. ;00
iv. €ijkEijk
Question 7

A particle is rotating with constant angular velocity €2 about a point P so that its velocity is u = Q x r. Use
Cartesian tensor methods to show that its acceleration can be written as either

a=(Q2-rNQ—-(Q-WDr

or

a= —%V[(Q x r)?



